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Abstract

Research on the joint role of testosterone and cortisol in aggression has produced inconsistent results, with limited attention to adolescence, a
stage characterized by considerable hormonal changes, and to the distinction between within-and between-person effects. This study examined
whether peer victimization moderates testosterone—cortisol associations with bullying perpetration in adolescents. Assessed at three 3-month
intervals, participants (471 adolescents, Mage = 14.97, SD = 0.70; 47.1% female) reported bullying perpetration and victimization and provided
saliva samples for the analysis of hormones. Random-intercept cross-lagged panel models revealed a three-way interaction (testosterone X
cortisol X victimization). Increases in testosterone predicted changes in bullying perpetration when cortisol decreased. These effects were
moderated by victimization. When victimization was below average, testosterone increases predicted more bullying perpetration; when it was
above average, testosterone increases predicted less perpetration. These findings highlight that peer victimization shapes how testosterone-
cortisol interactions influence adolescent aggression, underscoring the interplay of biological and contextual factors in adolescent adaptation.
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Decades of research examining the association between endog-
enous testosterone and human aggression have concluded that the
relationship is positive but small in effect size (Archer, 2006;
Geniole et al,, 2020). Meta-analyses also suggest that this effect
tends to be slightly stronger in men than in women (Geniole et al.,
2020). To explain these findings, several theoretical models have
proposed that the influence of testosterone on aggression is
moderated by other variables, such as levels of cortisol (Mehta &
Josephs, 2010); situational characteristics, such as provocation and
victimization (Calvete & Orue, 2024); and the type of aggression
being examined (Armstrong et al, 2021; Cima et al, 2025).
However, most studies have focused on adults, while research
conducted during adolescence remains limited. Adolescence is
characterized by a significant rise in testosterone levels, particularly
among boys (Shirtcliff et al., 2012), peaking between the ages of 15
and 17 and stabilizing later in early adulthood (Luo et al., 2024).

At the same time, during adolescence there is a shift in rela-
tionships with peers, which take on a prominent role in the process
of developing autonomy from the family. Thus, adolescents spend
more time with their peers and developing friendship bonds
(Merrin et al., 2024). However, peer relationships also involve the
risk of exposure to bullying behaviors. Bullying perpetration
toward peers is an important form of aggressive behavior during
adolescence (Halliday et al., 2021). Bullying has been defined by the

Corresponding author: Esther Calvete; Email: esther.calvete@deusto.es

Cite this article: Calvete, E., Orue, I, Cortazar-Enciondo, N., Larrucea, M., & Little, T.
D. (2026). Testosterone, cortisol, and bullying perpetration in adolescents: The moderating
role of peer victimization. Development and Psychopathology 38: 1589-1601, https://
doi.org/10.1017/50954579426101503

Centers for Disease Control and Prevention as “unwanted
aggressive behavior(s) by another youth or group of youth who are
not siblings or current dating partners that involves an observed or
perceived power imbalance and is repeated multiple times or is
highly likely to be repeated” (Gladden et al., 2014, p. 7). Bullying
perpetration can take many forms, including physical aggression
(e.g., hitting), verbal aggression (e.g., threatening and insulting),
and relational aggression (e.g., spreading negative comments about
the victim). Bullying perpetration typically peaks in adolescence
(Dake et al,, 2003) and decreases between early and late adoles-
cence (Kretschmer et al, 2017). Forms of bullying also evolve
during adolescence, such that physical aggression tends to give way
to more complex relational aggression than that observed at earlier
ages (Merrin et al.,, 2024). There is also a strong reciprocal rela-
tionship between bullying perpetration and peer victimization, as
experiences of victimization can provoke aggressive reactions that,
in turn, heighten the risk of subsequent bullying (Morea & Calvete,
2022). Therefore, analyzing the relationship between testosterone
and bullying perpetration, as well as the factors that modulate this
link, is especially relevant during this developmental stage. This
study investigates the role of testosterone in bullying perpetration
in adolescents, with a focus on the moderating influence of cortisol
levels and peer victimization experiences.

Cortisol as a moderator of the testosterone-aggression link

Testosterone and cortisol are produced by the hypothalamic—
pituitary-gonadal axis and the hypothalamic-pituitary—-adrenal
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axis, respectively (Terburg et al., 2009), and are associated with
different behavioral mechanisms. Testosterone has been linked to
the behavioral activation system and to reward-seeking behaviors,
such as social status and dominance. By contrast, cortisol has been
linked to the behavioral inhibition system, stress responses,
negative emotions, sensitivity to punishment, and social with-
drawal (Arnett, 1997; Terburg et al., 2009).

Given these contrasting behavioral correlates, the dual hor-
mone hypothesis (DHH; Mehta & Josephs, 2010) posits that the
effects of testosterone on aggression and other risk-related
behaviors are moderated by cortisol levels. Specifically, the
hypothesis suggests that high testosterone levels lead to aggressive
behavior when cortisol levels are low, while high cortisol levels
inhibit the effect of testosterone on aggression due to cortisol’s
association with fear, social withdrawal, and punishment
sensitivity.

Empirical evaluations of the DHH have primarily employed
two statistical approaches. The first involves calculating the tes-
tosterone/cortisol ratio, under the assumption that a higher level of
testosterone relative to cortisol predicts greater aggression (Korpel
et al., 2019; Platje et al., 2015). The second uses the testosterone X
cortisol interaction term. The latter approach has been argued to
offer certain advantages. For instance, the testosterone/cortisol
ratio cannot differentiate between combinations in which both
hormones are similarly high or low (as the ratio approaches 1),
whereas the interaction term better captures the context-sensitive,
conditional effects of each hormone (Calvete & Orue, 2024; Cima
et al., 2025).

Regardless of the method used, empirical support for DHH
remains mixed. A meta-analysis by Dekkers et al. (2019) reported a
very small effect size for the testosterone X cortisol interaction on
status-relevant behaviors, with most included studies focusing on
adult populations. However, it has been proposed that the hor-
monal dynamics between testosterone and cortisol might differ
during adolescence, a developmental stage marked by profound
hormone changes (Mazur & Booth, 1998; Shirtcliff et al., 2012),
potentially altering their behavioral effects (Cima et al., 2025).

In a systematic review, Cima et al. (2025) identified only seven
studies that examined the interaction between testosterone and
cortisol in adolescent samples. Only three of these studies — each
using cross-sectional designs - found support for the DHH,
showing significant associations between testosterone and
aggression at low cortisol levels but not at high cortisol levels. Two
of these studies used incarcerated samples (Dabbs et al., 1991;
Popma et al.,, 2007), and one used a healthy community sample
(Tackett et al., 2014). Two other studies reported nonsignificant
testosterone X cortisol interactions (Platje et al., 2015; Ren et al.,
2020). Notably, in a large mixed-gender sample of 259 adolescents,
Platje et al. (2015) compared both the interaction and ratio
methods. They found that the testosterone X cortisol interaction
was not significantly associated with aggression, whereas the tes-
tosterone/cortisol ratio was — but only in girls.

Other studies found significant testosterone X cortisol inter-
actions with patterns different from those proposed by the DHH.
For instance, Nguyen et al. (2018) reported that in a small ado-
lescent sample, testosterone was not associated with aggression
when cortisol was low but was negatively associated when cortisol
was high. In a longitudinal study, Susman et al. (2017) observed
that boys with either low diurnal testosterone and low cortisol
reactivity or high testosterone and high cortisol reactivity showed
increased conduct problems and antisocial behavior. No signifi-
cant findings emerged for girls. Their results are somewhat similar
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to those obtained by Armstrong et al. (2021) in adults. They found
that both low-low and high-high baseline levels of testosterone
and cortisol were linked to higher reactive aggression in response
to social stress, although these interactions were not statistically
significant in men.

These mixed findings have led some authors to suggest that
both low and high cortisol levels may relate to aggression. Given
cortisol’s role as a marker of stress system activation (Armstrong
et al,, 2022; Raine, 2002), both hypo-arousal (low cortisol and low
stress reactivity) and hyper-arousal (high cortisol, high stress, and
negative affect, such as anger) may facilitate aggression, although
possibly through different mechanisms (Cima et al., 2025).

Situational moderators of the testosterone-Cortisol effect

Findings regarding reactive aggression support the view that
hormonal effects on behavior may depend on situational mod-
erators, such as peer victimization. Some studies have examined
hormonal responses specifically in contexts of provocation and
victimization. For example, in a study with undergraduate women,
higher testosterone levels were associated with revenge responses
to provocation but only when cortisol levels were high (Denson
et al., 2013). This is consistent with the idea that high testosterone
and cortisol levels predict heightened aggression in threatening
social contexts.

In a large longitudinal study with 577 adolescents and repeated
measures every 6 months, Calvete and Orue (2024) found a sig-
nificant three-way interaction between testosterone, cortisol, and
peer victimization. Interestingly, this interaction did not align with
the DHH but was similar to the patterns found by Susman et al.
(2017). Specifically, adolescents with either high testosterone and
high cortisol or low testosterone and low cortisol exhibited the
highest levels of bullying and cyberbullying perpetration in
response to victimization. By contrast, testosterone/cortisol ratio
effects were only significant among girls, with high ratios asso-
ciated with higher cyberbullying perpetration as a reaction to peer
victimization. These findings underscore the importance of con-
textual moderators, aligning with the General Aggression Model
(GAM; Allen et al., 2018; Anderson & Bushman, 2002). According
to the GAM, aggression arises from the interaction between
situational factors (e.g., peer victimization) and personal char-
acteristics (e.g., hormonal levels).

The current study

Despite the longstanding interest in the role of testosterone in
aggression, studies in humans have generally found weak asso-
ciations (Geniole et al., 2020). The DHH has provided a valuable
framework to explain this, proposing that testosterone’s effects on
aggression are moderated by cortisol (Mehta & Josephs, 2010;
Mehta & Prasad, 2015). However, empirical evidence has been
inconsistent, and significant testosterone X cortisol interactions
often deviate from DHH predictions (Cima et al., 2025; Dekkers
et al,, 2019). Methodological challenges in this field include the
need for larger samples to ensure sufficient statistical power for the
testosterone X cortisol interaction (e.g., ~400 participants for 80%
power) and the implementation of longitudinal designs with
multiple waves (Grebe et al., 2019).

Within this context, the current study aims to advance the
understanding of the interplay between testosterone and cortisol in
bullying perpetration during adolescence — a developmental period
marked by profound hormonal shifts (Mazur & Booth, 1998;
Shirtcliff et al., 2012). Adolescence is also a stage of heightened peer
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sensitivity, in which experiences of bullying victimization can act
as powerful triggers of bullying perpetration (Morea & Calvete,
2022). Grounded in the GAM (Allen et al, 2018; Anderson &
Bushman, 2002), we hypothesized that bullying victimization (1)
would increase the association between testosterone and bullying
perpetration and (2) would strengthen the combined influence of
testosterone and cortisol on adolescents’ bullying perpetration.

From a methodological standpoint, this study sought to address
some of the mentioned previous limitations by using a large
adolescent sample and a longitudinal design. Moreover, in contrast
to most prior research, we employed a random-intercept cross-
lagged panel model (Hamaker et al, 2015), which included
reciprocal longitudinal associations between hormones, bullying
victimization, and bullying perpetration over time. Animal studies
have suggested bidirectional relationships between testosterone
and aggression, depending on whether analyses are conducted at
the between-individual or within-individual level (George &
Rosvall, 2022). Furthermore, in humans, cortisol is well known to
increase in response to social stress (Goodman et al., 2017), and
increases in testosterone have been observed in adolescents
exposed to social stressors (Rodgers & Kuhlman, 2023). Thus, we
explored whether both testosterone and cortisol could increase as a
consequence of peer victimization. However, as there were not
previous studies examining these associations, no hypotheses were
stated in this study.

Methods
Participants

The sample consisted of 471 adolescents (Mage = 14.97, SD = 0.70
at Wave 1), of whom 47.1% identified as female, 51.2% as male,
0.8% as nonbinary, and 0.8% as “other.” The participants were
from five high schools in Bizkaia (Basque Country, Spain). The
Spanish National Institute of Statistics’ occupational criteria were
used to measure sociodemographic status. For this purpose, the
adolescents were asked about their parents’ occupations, which
were distributed as follows: 7.64% were directors and managers;
27.28% were scientific or intellectual professionals; 7.96% were
support technicians and professionals; 6.48% were administrative
employees; 12.74% were catering, personal protection, and retail
sales workers; 0.11% were skilled workers in agriculture and
fishing; 10.62% were skilled workers in the manufacturing and
construction industries; 4.03% were plant and machine operators
and assemblers; 4.03% were unskilled workers; 1.70% were
housekeepers; 1.06% were unemployed individuals; and 16.35%
did not answer.

Measures

Salivary samples were collected in the classrooms using the
Salivette® system (Sarstedt, Niimbrecht, Germany), a widely used
and validated method for noninvasive hormone assessment in
adolescent populations. Sample collection was scheduled
approximately 2h after the adolescents woke up (M =9.27 AM;
SD=1.32 min) to minimize the impact of diurnal variation on
hormonal levels. The participants were instructed to abstain from
eating, drinking (except water), exercising, smoking, or brushing
their teeth for at least 30 min prior to collection. Two samples were
eliminated because they did not meet the criteria for analysis.
Each participant was provided with a sterile Salivette® con-
taining a cotton swab. Under supervision, they placed the swab in
their mouth and held or gently chewed it for 1-2 min until
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adequately saturated. The swabs were then returned to their
respective tubes, which were immediately stored at approximately
4°C. The exact time of collection was recorded for each participant.
The samples were transported to the laboratory within 2 h and
immediately frozen at —25°C and —30°C until analysis at the
Reference Laboratory (Barcelona, Spain). Prior to the assay, the
samples were thawed and centrifuged to separate clear saliva from
the swab material.

Salivary cortisol and testosterone concentrations were assessed
using competitive enzyme-linked immunosorbent assay (ELISA)
kits from DiaMetra (Perugia, Italy), specifically calibrated for
salivary matrices. Cortisol was quantified with the Cortisol Saliva
ELISA kit (code DKO020), featuring a sensitivity of 0.12ng/mL and
an assay range of 0.5-100ng/mL. Testosterone measurement
employed the Testosterone Saliva ELISA kit (code DKO021),
characterized by a sensitivity of 3.28pg/mL and an analytical range
of 10-1,000pg/mL. Both assays employed a competitive colori-
metric immunoenzymatic method and were performed according
to the manufacturer’s protocols. The European Bullying
Intervention Project questionnaire (EBIPQ; Ortega-Ruiz et al.,
2016) was used to assess the subscales of bullying perpetration and
bullying victimization (seven items each). The two subscales
include physical, verbal, and social aggression (direct or indirect),
as well as psychological aggression, using a five-point Likert scale
ranging from 0 (never) to 4 (more than once a week) in the last 3
months. Sample items include “Someone has hit, kicked, or pushed
me” (victimization) and “I have insulted or said mean things to
another student” (perpetration). Responses to the items were
averaged to obtain the scores, with higher scores indicating greater
involvement in bullying behaviors. The EBIPQ has demonstrated
excellent psychometric properties across adolescent samples.
Supporting its convergent validity, previous studies have reported
significant correlations between EBIPQ and other bullying and
cyberbullying measures (Del Rey et al., 2015). In addition, previous
research has shown good internal consistency for both subscales
across Spanish (Pichel et al., 2022) and other European samples
(Del Rey et al., 2015). In the present study, the Cronbach’s coef-
ficients were 0.71, 0.78, and 0.80 for bullying perpetration and 0.76,
0.78, and 0.79 for victimization at Wave 1 (W1), Wave 2 (W2), and
Wave 3 (W3), respectively.

Procedure

The study protocol was approved by the ethical committee of
University of Deusto (Ref. ETK-28/22-23). The adolescents and
their parents received information about the study and were
invited to give informed consent. Parental acceptance was 82.17%,
and all adolescents whose parents consented agreed to participate
(100%). The participants provided saliva samples in the classroom
before completing the self-report questionnaires via Qualtrics®.

Statistical analysis

Preliminary analyses

Little’s test for Missing Completely at Random was not statistically
significant (x2(139) = 155, p =.173), indicating that the data were
likely missing at random. Therefore, full information maximum
likelihood estimation was used to handle missing data. Sixty-two
outliers were identified in testosterone and/or cortisol and were
winsorized at 3 SD above the mean. Winsorization was used to
reduce the influence of outliers while maintaining the overall data
structure, ensuring more stable and representative estimates of
testosterone and cortisol levels. All variables were log-transformed
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to reduce skewness and kurtosis. Testosterone and cortisol values
were standardized into T-scores (M =50, SD=10) prior to
computing the testosterone/cortisol ratio.

Descriptive statistics and correlations were obtained using
SPSS-28. Longitudinal associations among the study variables were
examined using RI-CLPMs (Hamaker et al., 2015; Orth et al,
2021), estimated with maximum likelihood in Mplus 8.11. A key
advantage of RI-CLPMs over traditional CLPMs is their ability to
disentangle within-person processes from between-person stable
differences. This modeling approach accounts not only for tem-
poral stability but also for time-invariant, trait-like stability by
including a random intercept for each variable (Hamaker et al.,
2015). Two sets of models were estimated: one based on the
interaction between testosterone and cortisol, and the other based
on the testosterone/cortisol ratio.

Models based on the testosterone x cortisol interaction

The testosterone X cortisol interaction models included bullying
perpetration, bullying victimization, testosterone, and cortisol,
along with the interaction terms testosterone X cortisol, testos-
terone X victimization, cortisol X victimization, and testosterone X
cortisol X victimization. For each set of models, we first tested the
measurement models and next the RI-CLPM models. We describe
below the steps for the interaction models.

The measurement models. The confirmatory factor analysis (CFA)
model, also known as the measurement model, represents a critical
first step because it assesses the adequacy of the hypothesized
relationships between the observed indicators (e.g., item parcels)
and their underlying latent variables. The measurement model
serves as the foundation for evaluating both the measurement
properties of each construct and the overall fit of the CFA model.
In this study, multiple indicators were used for latent variables,
except for the hormonal variables (testosterone and cortisol) and
their interaction (testosterone X cortisol), which were modeled
using a single indicator. For latent constructs with multiple
indicators, three item-parcels were created. Items were assigned to
parcels based on an exploratory factor analysis to ensure that each
parcel contained items with balanced factor loadings (Little et al.,
2002). We conducted an exploratory factor analysis with the
bullying perpetration items to obtain a single-factor solution. The
items were ordered according to their factor loadings, from highest
to lowest. Then, the item with the highest factor loading was
included in the first parcel, the next in the second parcel, the third
in the third parcel, and so on. The same parcel structure was used
for parallel bullying victimization items. Latent interactions (e.g.,
testosterone X bullying victimization) were represented by three
product terms (e.g., testosterone X victimization parcel 1, testos-
terone X victimization parcel 2, and testosterone X victimization
parcel 3), following the double mean-centering procedure (Lin
et al., 2010). The syntax indicating which items were included in
each parcel is available as supplementary material (Table S1).
Following the recommendations outlined by (Osborne & Little,
2024), the initial measurement model (Model 1) was evaluated
using effect coding to identify first-order latent variables (bullying,
victimization, testosterone X victimization, cortisol X victimiza-
tion, and testosterone X cortisol X victimization). Effect coding is a
method of scaling (Little et al., 2006) that maintains the metric of
the latent variables’ indicators. It consists of constraining the factor
loadings to an average of 1.0 (instead of arbitrarily setting one
loading to be 1). This constraint gives an estimate of the construct
variance as the average contribution of each indicator. Similarly,
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the estimates of the intercepts are constrained to an average of 0.
This constraint gives an estimate of the latent construct mean as
the average mean of the indicators.

In the initial step to test the measurement model, a configural
invariance model was estimated in which each first-order latent
variable in each wave was separately parameterized using effect
coding. Error terms for the same indicators across time were
allowed to correlate, including parallel bullying perpetration and
victimization parcels. Phantom or rescaling constructs were added
to place all estimated relationships on a common standardized
metric. With this aim, latent means were freely estimated, and
variances were fixed to zero to define second-order latent variables
(phantom constructs). Phantom variables were defined by
regressing first-order latent variables onto their respective second-
order constructs. These phantom variables were modeled with a
mean of 0 and a variance of 1 to maintain metric consistency and
facilitate interpretation. For single-indicator latent variables (i.e.,
hormonal indicators), phantom constructs were estimated directly
from the indicator using the same constraints (mean =0, vari-
ance = 1). The measurement errors of the single indicators were
fixed to 0. In the configural model, phantom variables were allowed
to correlate with themselves over time, but cross-time covariances
among first-order latent variables, as well as covariances between
second-and first-order latent variables, were fixed to zero.

As this study was longitudinal, checking whether the mea-
surement model was invariant over time was necessary. Therefore,
in the second step, we estimated a more restrictive metric
invariance model (Model 2), which imposed that factor loadings
were equal across waves. In the final step, we estimated the scalar
invariance model (Model 3), which constrained intercepts to be
equal across waves.

The structural models. Once the final measurement model was
established, it served as the baseline for comparison with more
parsimonious structural models. The structural models followed
the RI-CLPM framework, partitioning variance in the variables
into between-person and within-person components by including
random intercepts for all eight variables.

Contrary to the approach of (Mulder & Hamaker, 2021), who
constrained all RI factor loadings to 1, we followed the method
proposed by (Osborne & Little, 2024). In this approach, factor
loadings were freely estimated but constrained to be equal across
indicators, and RI variances were fixed to 1. This approach places
all RIs on a common metric. When RIs were included in the model,
previously defined phantom variables became the within-person
latent variables.

In this structural model (Model 4), following the approach of
Osborne and Little (2024), cross-time correlations among within-
person latent variables (phantom variables) were removed,
although their cross-sectional correlations were retained. The
model included autoregressive and cross-lagged paths from all
phantom variables at time ¢-1 to the corresponding constructs at
time t. The RI-CLPM was initially estimated as a nonstationary
process (allowing autoregressive and cross-lagged paths to vary
over time) and compared with the measurement model. Next,
since hormonal levels, as well as bullying perpetration and vic-
timization, may be influenced by the age and sex of the partici-
pants, these two variables were included as covariates in the model
and regressed on the Rls (Model 4b). With this aim, values other
than boy and girl were considered missing. Finally, we tested a
more parsimonious stationary model in which longitudinal paths
were constrained to be time invariant (Model 5).
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Table 1. Fit indices for the testosterone X cortisol interaction models
Fit indices Comparisons Pass?
Measurement model
1. Configural invariance ¥%(1,013) = 1,948
RMSEA = 0.044 [0.041, 0.047]; CFl = 0.911;
TLI = 0.874; SRMR = 0.047
2. Metric invariance x%(1,035) = 2,132 Ax?(20) = 182, p < .001 NO
RMSEA = 0.047 [0.045, 0.050]; ACFI = 0.016 > 0.01
CFl = 0.895; TLI = 0.855; ARMSEA = 0.003 < 0.015
SRMR = 0.049
2b. Partial metric invariance. ¥%(1,033) = 2,056 Ay?(18) = 106, p < .001 YES
All factor loadings were invariant, except for those RMSEA = 0.046 [0.043, 0.049]; ACFl = 0.008 < 0.01,
corresponding to the triple interaction at T2. CFI = 0.903; TLI = 0.865; ARMSEA = 0.001 < 0.015
SRMR = 0.048
3. Scalar invariance %%(1,049) = 2,057, RMSEA = 0.045 [0.042, 0.048];  Ay%(16)=1, p ns, YES
CFl = 0.904; TLI = 0.869; SRMR = 0.048 ACFl=-0.001 < 0.01,
RMSEA = —0.001 < 0.015
RI-CLPM
4. Nonstationary ¥%(1,079) = 2,120 Ay?(30) =63, p <.001 YES
RMSEA = 0.045 [0.042, 0.043]; CFI = 0.901; ACFI=0.003 < 0.01
TLI = 0.868; ARMSEA = 0.00 < 0.015
SRMR = 0.050
4b. Nonstationary with age and sex as covariates ¥3(1,179) = 2,271
RMSEA = 0.044 [0.042, 0.047]; CFI = 0.898;
TLI = 0.867;
SRMR = 0.050
5. Stationary with age and sex as covariates ¥%(1,243) = 2,354; Ay?(64) =83, p =.055 YES

RMSEA = 0.044 [0.041, 0.046]; CFI = 0.896;
TLI = 0.871;

ACFI = 0.002 < 0.01
ARMSEA = 0.000 < 0.015

SRMR = 0.054

Models based on the testosterone/Cortisol ratio

Models based on the testosterone/cortisol ratio followed the same
estimation procedures but included only four variables: bullying
perpetration, bullying victimization, testosterone/cortisol ratio,
and the testosterone/cortisol X victimization interaction term.

Model fit indicators

Model fit was evaluated using multiple indices: the comparative fit
index (CFI), the Tucker-Lewis index (TLI), the root mean square
error of approximation (RMSEA), and the standardized root mean
square residual (SRMR). A good fit was defined as CFI and TLI
values > 0.95, RMSEA < 0.06, and SRMR < 0.08 (Little, 2024). For
nested model comparisons, changes in model fit were assessed
using the cutoff criteria of ACFI < 0.01 (Cheung & Rensvold, 2002)
and ARMSEA < 0.015 (Chen, 2007). We also examined whether
the RMSEA point estimate from a more restrictive model fell
within the confidence interval of the less restrictive model.

Results

Descriptive analyses and correlation coefficients between
variables

Descriptive analyses and Spearman correlation coefficients
between variables are included as supplementary material
(Table S2). Cortisol and testosterone levels showed low to mod-
erate positive correlations across waves, except that W1 cortisol
was not significantly correlated with testosterone levels at W2 or
W3. Most correlations between hormonal levels and self-reported
victimization and bullying perpetration were small or
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nonsignificant. Victimization and bullying perpetration were
moderately to strongly correlated within and across waves
(range = 0.36 to 0.62), indicating stability and co-occurrence
over time.

Models based on the testosterone X cortisol interaction

Table 1 summarizes the fit indices for the models estimated based
on the testosterone X cortisol interaction. The measurement model
was first evaluated. Model 1 (configural invariance) yielded
moderate CFI and TLI values but excellent RMSEA and SRMR
values. All factor loadings were statistically significant. Next,
Model 2 (metric invariance), which constrained factor loadings to
be equal across the three waves, was estimated. Comparison of
Model 2 with Model 1 indicated that this constraint was acceptable
according to the RMSEA criterion; however, the change in CFI
slightly exceeded the ACFI < 0.01 cutoff. Inspection of the factor
loadings suggested that these loadings might differ across waves for
the latent variable testosterone X cortisol X victimization.
Therefore, a revised model (Model 2b, partial metric invariance)
was estimated, assuming metric invariance for all variables except
testosterone X cortisol X victimization. This model met the criteria
for acceptable changes in both CFI and RMSEA.

Finally, Model 3 (scalar invariance) added equality constraints
on intercepts across time. This model resulted in a small increase in
CFI and a reduction in RMSEA and was adopted as the baseline
for the next phase of the analysis. In the next phase, the structural
RI-CLPM was estimated in both nonstationary and stationary
forms. Model 4 (nonstationary), compared to the scalar invariance
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model, showed a reduction in CFI below the cutoff, while the
RMSEA remained similar. Figure 1 represents the measurement
model of the within-person variables at W1.

We then included age and sex as covariates of the random
intercepts (RIs) for bullying perpetration, victimization, and
hormones (Model 4b). Female sex was significantly associated with
lower levels of bullying perpetration and testosterone. It was also
marginally associated with lower levels of victimization and with
higher levels of cortisol. Higher age was significantly associated
with higher levels of victimization and testosterone, and marginally
with higher levels of bullying perpetration and cortisol. This model

https://doi.org/10.1017/5S0954579426101503 Published online by Cambridge University Press

w1
Phantom
TxBV

0.25

w1
Phantom
Cx BV

0.41

¢
%* %

0%

w1
Phantom

TxCxBV

served as the baseline for Model 5 (stationary), which imposed
stability on the longitudinal paths.

Figure 2 displays the structural paths of Model 5, and
Supplementary Table S3 displays the coefficients of the model. At the
between-person level, the RI for bullying perpetration was signifi-
cantly associated with the RI for victimization (0.56, p <.001) and
marginally significantly with the RI for testosterone X victimization
(0.35, p=.052). Figure 3 shows the form of the interaction. For
adolescents who usually experience high levels of victimization, levels
of testosterone were marginally associated with levels of bullying
perpetration (0.44, t=1.93, p=.054). By contrast, for adolescents
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with low levels of victimization, testosterone levels were not asso-
ciated with bullying perpetration (—0.27, t = —1.30, p =.193).

At the within-person level, deviations in testosterone predicted
decreases in bullying perpetration. However, this main effect was
moderated by cortisol and victimization, as both the testosterone x
victimization and testosterone X cortisol X victimization interac-
tion terms significantly predicted deviations in bullying perpe-
tration in the subsequent wave. The graphical representation of the
testosterone X cortisol X victimization interaction (Figure 4)
showed that temporary deviations above usual levels of testos-
terone do not predict deviations in bullying perpetration when
cortisol deviates above usual levels (—0.20, t = —1.03, p = .303; and
—0.04, t=-0.17, p = .863, respectively, for deviations above and
below usual levels in victimization). By contrast, when cortisol
levels deviate below usual levels, deviations in testosterone predict
different bullying perpetration outcomes depending on victimi-
zation levels. Specifically, when both cortisol and victimization
levels are below usual, increases in testosterone predict an increase
in bullying perpetration (0.60, t=2.85, p=.005). By contrast,
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when cortisol is below usual but victimization is above usual,
increases in testosterone predict lower bullying perpetration
(—0.99, t=5.52, p <. 001). All slopes differed significantly from
one another, except for the two corresponding to above-usual
deviations in cortisol.

Although it was not the objective of this study, the model also
showed that the testosterone X cortisol X victimization interaction
covaried with victimization at the between-person level and pre-
dicted changes in victimization at the within-person level. Figure 5
shows the role of deviations in testosterone in victimization for low
and high levels of cortisol and victimization. Increases in testos-
terone and reductions in cortisol relative to the adolescents’ usual
levels predicted deviations in victimization in the next wave.
Importantly, the shape of that prediction also depended on the
changes experienced in victimization in the previous wave.
Specifically, when the adolescent had experienced an increase in
victimization experiences, the combination of an increase in tes-
tosterone and a reduction in cortisol predicted a decrease in future
victimization (-0.53, t=-2.84, p=.005). By contrast, when the
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adolescent had experienced lower-than-usual levels of victimiza-
tion, the same combination of increased testosterone and reduced
cortisol predicted an increase in victimization in the next wave
(0.46, t =2.02, p=.044). The slopes were not statistically signifi-
cant when cortisol increased, although the slope for increased
cortisol and victimization was marginally significant (0.38,
t=171, p=.087).

Models based on the testosterone/Cortisol ratio

The models based on testosterone/cortisol ratio included measures
of bullying perpetration and victimization, testosterone/cortisol
ratio, and the testosterone/cortisol ratio X victimization interaction
in the three waves. These models were specified following the same
procedures described for the models based on the testosterone X
cortisol interaction. Table 2 presents the fit indices for the mea-
surement model and the RI-CLPM structural model. Model 6
(configural invariance) showed a good fit, and the constraints for
metric and scalar invariance (Models 7 and 8) did not result in a
loss of fit quality, as changes in both CFI and RMSEA remained
within the established thresholds. Similarly, the nonstationary RI-
CLPM model (Model 9) showed adequate fit indices, with changes
within these criteria. The factor loadings of the RIs were sta-
tistically significant. Subsequently, paths from age and sex to
bullying perpetration, victimization, and testosterone/cortisol ratio
were included (Model 10). Consistent with the findings from the
testosterone X cortisol interaction models, female sex was asso-
ciated with lower testosterone/cortisol ratio scores and lower
bullying perpetration scores, whereas age was positively associated
with testosterone/cortisol ratio and victimization. Stationarity
constraints were then imposed on this model, which proved
acceptable, as changes in CFI and RMSEA values remained within
the cutoff criteria (Model 11).

Figure 6 displays the associations between the latent variables
in Model 11, and Table S4 includes all the longitudinal coeftfi-
cients of the model. At the between-person level, the RI for
bullying perpetration was significantly associated with victimi-
zation and with the testosterone/cortisol X victimization inter-
action. Figure 7 illustrates that bullying perpetration levels are
higher among adolescents generally exposed to higher victimi-
zation levels. Additionally, the testosterone/cortisol ratio is
associated with greater bullying perpetration at high levels of
victimization (0.32, t=2.08, p =.038). When general levels of
victimization are low, the association between testosterone/
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cortisol ratio and bullying perpetration is not statistically sig-
nificant (—0.14, t = —0.92, p =.356). At the within-person level,
the testosterone/cortisol X victimization interaction predicted
bullying perpetration from t-1 to t. Figure 8 shows this inter-
action. When both testosterone/cortisol and victimization
deviated above usual levels, bullying perpetration decreased in
the next wave (—0.57, t=-5.72, p<.001). Conversely, this
association was positive when victimization deviated below the
usual level (0.31, t =3.14, p =.002).

Post Hoc power analysis

We used Monte Carlo simulation with MPLUS (Muthén &
Muthén, 2002) to examine the power of the main coefficients of the
study. Essentially, this strategy involves specifying the coefficients
obtained in the sample as if they represented true population
values, and then drawing a large number of samples of the same
size from that population. The coefficients are then estimated in
each simulated sample. Based on this information, a probability
statement can be made regarding the proportion of all replications
in which a given path coefficient reached statistical significance at
the 0.05 level. This proportion represents the empirical power
estimate. The Monte Carlo procedure was applied to both the
model based on the testosterone X cortisol interaction and the
model based on the testosterone/cortisol ratio. Using the estimates
from the final model of the study (Model 5), we specified a model
as true for the population and generated 600 replications. We then
estimated the proportion of replications in which the path coef-
ficients for the testosterone X bullying victimization interaction
(B = —0.44) and the testosterone X cortisol X victimization
interaction (f = 0.36) reached significance at the 0.05 level.
According to this procedure, the power for these parameters was
97% and 99%, respectively. We followed the same procedure for
the final testosterone/cortisol ratio model (Model 11). The esti-
mated power for the testosterone/cortisol ratio X victimization
interaction predicting bullying perpetration (—0.22) was 96%.

Discussion

Grounded in the GAM framework (Allen et al., 2018; Anderson &
Bushman, 2002), this study investigated the joint role of testos-
terone and cortisol in adolescents’ bullying perpetration toward
peers. The central hypotheses proposed that experiences of peer
victimization would amplify the influence of testosterone, as well as
the combined effect of testosterone and cortisol, on aggressive
bullying behaviors. Unlike previous research, this study adopted a
RI-CLPM methodology (Hamaker et al., 2015), which allows for
the separation of between-person (i.e., trait-like) effects from
within-person effects.

Overall, the results obtained at the between-person level sup-
ported our hypotheses and were highly consistent for the testos-
terone X victimization and testosterone/cortisol ratio X
victimization interactions. In both cases, it was observed that
adolescents generally characterized by higher levels of testosterone
or higher testosterone/cortisol ratios — that is, by a predominance
of testosterone relative to their low cortisol levels — and by high
levels of victimization tended to exhibit higher levels of bullying
perpetration. By contrast, both testosterone level and testosterone/
cortisol ratio were not associated with bullying perpetration among
adolescents who were generally not exposed to victimization.

However, the within-person results provided mixed support for
the study’s hypotheses and provided a complementary view of the
dynamics that take place between these variables over time.
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Table 2. Fit indices for the testosterone/Cortisol models
Fit Indices Comparisons Pass?
Measurement Model
6. Configural invariance ¥%(307) =638
RMSEA = 0.048 [0.043, 0.053]; CFl = 0.940; TLI = 0.915;
SRMR = 0.046
7. Metric invariance x*(319) =677 Ay?(12) =39, p < .001 YES
RMSEA = 0.049 [0.044, 0.054]; CFI = 0.935; TLI = 0.912; ACFl = 0.005 < 0.01
SRMR = 0.048 ARMSEA = 0.001 < 0.015
8. Scalar invariance x%(331) =677 Ay%(12)=0, ns YES
RMSEA = 0.047 [0.042, 0.052]; CFI = 0.937; TLI = 0.918; ACFl=.002< .01
SRMR =.048 ARMSEA = -.002 < .015
RI-CLPM
9. Nonstationary model ¥%(337) =680 Ay?(6) =3, p=.139 YES
RMSEA = 0.046 [0.041, 0.052]; CFI = 0.938; TLI = 0.920; ACFI=0.001 < 0.01
SRMR = 0.048 ARMSEA = —0.001 < 0.015
10. Nonstationary with age and sex as x%(391) =795
covariates RMSEA = 0.047 [0.042, 0.052]; CFl = 0.930; TLI = 0.911;
SRMR = 0.050
11. Stationary model with age and sex as x%(406) = 811 Ay?(15) =16, p = .382 YES
covariates RMSEA = 0.046 [0.042, 0.051]; CFI = 0.929; TLI = 0.914; ACFl = 0.001 < 0.01
SRMR = 0.052 ARMSEA = —0.001 < 0.015

Between-person

JT5%

Sex (1= -
female) <

Age

RI T/C ratio x
Bullying victimization

W1 Bullying

/' perpetration
\ W1 Bullying ,’/

s 2 —36 — -~
victimization 5
,
-13

K

e

W1 T/C ratio x
Bullying victimization

Within-person

W2 Bullying W3 Bullying
perpetration

; perpetration
W2 Bullying .36 /' W3 Bullying
victimization It victimization
L,

-12

097

- W3 T/C ratio x

Bullying victimization

W2 T/C ratio x

Bullying victimization
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Although deviations in testosterone above the adolescents’ typical
levels predicted decreases in bullying perpetration in the next wave,
the interaction results qualified this finding by showing that the
role of testosterone was moderated by levels of cortisol and vic-
timization. Thus, findings at the within-person level supported the
general hypothesis that victimization experiences create contexts
in which combinations of testosterone and cortisol may have
different effects on aggression. However, these mechanisms
involved complex patterns of associations among the variables,
which did not completely match our predictions. The triple
interaction testosterone X cortisol X victimization revealed that
when cortisol increased relative to the adolescents’ usual levels, the
increase in testosterone did not predict changes in bullying per-
petration in the next wave. This finding is consistent with the
proposal of the DHH (Mehta & Josephs, 2010), which states that
testosterone is not associated with aggression when cortisol is high.

https://doi.org/10.1017/5S0954579426101503 Published online by Cambridge University Press

By contrast, when cortisol decreased below the adolescents’ typical
levels, an increase in testosterone predicted increases in bullying
perpetration in the next wave. However, this effect was moderated
by experiences of bullying victimization. When victimization levels
were below the adolescents’ average, an increase in testosterone
predicted more bullying perpetration in the next wave. Conversely,
when victimization levels were above average, an increase in tes-
tosterone predicted less bullying perpetration in the next wave.
A tentative interpretation of the findings above points to a
profile of cold aggression toward peers. This profile would involve
adolescents experiencing increases in testosterone (i.e., greater
motivation for social status and reward seeking) and decreases in
cortisol (i.e., lower levels of negative affect and stress), which —
when peer victimization is relatively low - are more likely to
reinforce their role as bullies. The same hormonal profile,
in situations of relatively increased peer victimization, might
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reduce aggression because adolescents could strategically assess
that such bullying perpetration behaviors are not advantageous,
aiming to avoid negative consequences. In other words, the
combination of increased testosterone and decreased cortisol in the
context of rising victimization by others might activate regulatory
or inhibitory processes that dampen aggression. This could reflect
a strategic adaptation in which adolescents refrain from escalating
aggression in already threatening contexts, potentially to avoid
further retaliation or social costs. By contrast, in low-threat con-
texts, the same hormonal changes may increase the likelihood of
engaging in aggressive behavior.

The results obtained for the testosterone/cortisol ratio at the
within-person level were very similar. They showed that when
bullying victimization was below usual levels, a relative increase in
the testosterone/cortisol ratio (ie., a relative predominance of
testosterone over cortisol) predicted an increase in bullying per-
petration in the next wave. However, when victimization was above
usual levels, the increase in testosterone/cortisol ratio predicted a
reduction in bullying perpetration in the next wave. Thus, although
the testosterone X cortisol model has been proposed as preferable
over the testosterone/cortisol ratio model (Calvete & Orue, 2024;
Cima et al, 2025), in the current study, both methods obtained
similar findings.

Moreover, although our study did not specifically aim to
examine how changes in hormones predicted changes in bullying
victimization, we found that the within-person effect observed for

https://doi.org/10.1017/5S0954579426101503 Published online by Cambridge University Press

Esther Calvete et al.

victimization in the testosterone X cortisol model was parallel to
that observed for bullying perpetration. The triple interaction
testosterone X cortisol X victimization predicted changes in future
victimization. When the adolescents experienced an increase in
both testosterone and cortisol relative to usual levels, the increase
in testosterone did not predict changes in victimization. However,
when the relative increase in testosterone was accompanied by a
reduction in cortisol, the effect on future victimization depended
on prior victimization levels. Specifically, when victimization had
recently decreased below usual levels, the increase in testosterone
predicted higher victimization in the next wave. This may be due to
the adolescents also increasing their aggressive behaviors, which, in
turn, may provoke defensive or retaliatory reactions from others.
By contrast, when the increase in testosterone and reduction in
cortisol occurred in the context of increased victimization, the
increase in testosterone predicted fewer victimization experiences
in the next wave. This may be due to a reduction in the adolescents’
aggression in that highly threatening context, which then leads to
fewer retaliatory reactions from peers.

The similarities between the mechanisms observed for bullying
perpetration and bullying victimization are consistent with the
well-established overlap between these two variables (Morea &
Calvete, 2022; Park & Cho, 2021). In this study, we found a strong
association between aggression and victimization at the between-
person level. The contemporaneous association between both
variables at W1 at the within-person level was also high.

Comparing the findings of the present study with those of
previous research is difficult, as this is one of the few longitudinal
studies conducted with adolescents to test the DHH (see, for
exceptions, Calvete & Orue, 2024; Susman et al., 2017) and, to our
knowledge, the first to use an RI-CLPM approach. As mentioned
previously, RI-CLPM offers a key advantage over traditional
CLPM, namely, the ability to disentangle within-person processes
from between-person stable differences (Hamaker et al.,, 2015;
Osborne & Little, 2024). In this study, fluctuations above or below
an adolescent’s typical level of victimization experiences modu-
lated the effects of deviations in testosterone and cortisol on future
aggressive behavior. Future research using RI-CLPM is needed to
examine whether these findings can be replicated in other ado-
lescent samples.

Finally, although the gender invariance of the models could not
be tested, some differences were identified as a function of ado-
lescents’ gender. Girls showed lower levels of T than boys, which is
consistent with the greater increase in T observed among boys
during adolescence (Harden et al., 2014; Shirtcliff et al., 2012). In
addition, in line with previous studies (Cosma et al, 2022;
Kretschmer et al., 2017), girls reported a lower frequency of bul-
lying perpetration. These gender differences in bullying perpe-
tration have been attributed to macrosocial factors. For example,
Kretschmer et al. (2017) proposed that bullying perpetration is
normatively masculine and is considered deviant among girls.
Furthermore, a cross-national study examining gender differences
in bullying found that such differences in traditional bullying
perpetration were larger in countries with greater gender inequality
(Cosma et al., 2022). One possible explanation is that a central
motivation for bullying perpetration is the enhancement of social
status and dominance, which may be less socially valued for girls in
societies where gender inequality persists.

Regarding the marginally significant findings, girls tended to
show higher C levels than boys, which may reflect gender
differences in stress reactivity during adolescence, although find-
ings regarding C differences are not entirely consistent (Ordaz &
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Luna, 2012). In addition, girls reported a lower frequency of vic-
timization, which is consistent with their lower scores on bullying
perpetration and the reciprocity between perpetration and vic-
timization (Morea & Calvete, 2022). These findings provide
additional context for understanding gender differences in the
biological and social correlates of bullying involvement, but they
should be interpreted with caution given their marginal
significance.

Strengths, limitations, and implications for future research

This study has several strengths, including the novel application of
an RI-CLPM approach in this area of research and the partici-
pation of a large adolescent sample across three waves. However,
the study also presents limitations that provide opportunities for
future research. A major limitation concerns the time interval
between assessments. We selected a 3-month interval as a com-
promise between theoretical relevance and feasibility. Hormonal
activity and social experiences in adolescence can vary sub-
stantially over several weeks to months, and this timeframe was
expected to be sensitive enough to detect within-person changes
while reducing the participant burden of responding many times.
Nevertheless, although our intervals were shorter than the
6-month intervals used in other prior longitudinal studies (e.g.,
Calvete & Orue, 2024; Susman et al., 2017), it may still be too long
to capture meaningful short-term fluctuations in the study vari-
ables (Grebe et al., 2019). Therefore, future studies should consider
examining within-person changes in hormonal levels, victimiza-
tion, and aggression using much shorter intervals - for example, by
employing techniques such as ecological momentary assessment
(Stone et al, 2023). While the use of intensive longitudinal
methods poses challenges, especially when it involves the collection
of salivary samples, such an approach offers more valuable insights
by capturing short-term dynamics across variables. Similarly,
experimental studies in which participants are exposed to condi-
tions of victimization and/or provocation while their aggressive
behaviors and hormonal levels are monitored could also be
valuable for clarifying causal relationships between variables
(Bochon et al., 2023).

Another important limitation is the potential omission of key
variables that may moderate the effects of testosterone and cortisol.
For example, the triple imbalance hypothesis of reactive aggression
(Van Honk et al.,, 2010) proposes three types of imbalances that
contribute to explaining reactive aggressive behavior. The first is a
subcortical imbalance between testosterone and cortisol, which is
consistent with the DHH. This subcortical imbalance may lead to a
cortical-subcortical imbalance, weakening the connections
between the cortical and subcortical brain regions. The third
imbalance is cortical and, according to the model, indicates that
reactive aggression differs from proactive aggression in being
associated with lower serotonergic function and more pronounced
left-sided frontal brain asymmetry, especially in contexts of threat
or provocation. Thus, future studies should consider assessing
cortical-level changes, which may provide complementary expla-
nations for the results of the present study.

The fourth limitation is the lack of peer-reported measures. In
this study, both victimization and bullying perpetration were
measured exclusively by means of self-reports. Although the
anonymity of the responses was expected to promote disclosure,
future studies should combine self-reports with peer reports.

Finally, it would have been important to assess whether the
associations between hormones and behaviors were similar for boys
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and girls. Sex differences in both bullying perpetration and vic-
timization may shape how testosterone and cortisol relate to these
behaviors. Boys seem to be more prone to direct aggression, whereas
girls show marginally higher - but small - levels of indirect
aggression (Casper & Card, 2017), indicating that indirect aggres-
sion is largely comparable across sexes. During adolescence, boys
also show higher levels of testosterone (Susman et al., 2017), while
girls often present higher cortisol responses to interpersonal stress
(Hollanders et al., 2017). These differences suggest that the interplay
between testosterone, cortisol, and bullying involvement might not
operate identically in boys and girls. However, in this study, the size
of the male and female subgroups was not large enough to test the
model in each subgroup. Future research should aim to use larger
samples that allow for multiple-group comparisons.

In conclusion, this study advances our understanding of how
testosterone and cortisol jointly influence adolescent aggression,
suggesting that, consistent with the GAM, situational experiences of
victimization modulate their effects on bullying perpetration. By
integrating both between-and within-person perspectives, the study
demonstrates that increases in cortisol levels weaken the effect of
testosterone on subsequent peer aggression. At the same time, the
effect of decreases in cortisol depends on adolescents’ experiences of
bullying victimization. Specifically, under conditions of reduced
cortisol, testosterone predicted greater bullying perpetration when
victimization was low, and lower bullying perpetration when vic-
timization increased. These findings suggest the existence of a cold
aggression profile toward peers, characterized by flexible strategies
that vary depending on the social context.
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