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Background: Psychological recidivism-reducing interventions with serious, young

violent offenders in residential care have unsatisfactory effects. We tested if a

complementary individual cognitive behavioral therapy (iCBT) intervention focusing

problem-solving, cognitive self-control, and relapse prevention reduces criminal

recidivism beyond usual institutional care encompassing interventions such as social

skills training and prosocial modeling (treatment-as-usual; TAU).

Method: We consecutively approached 115 eligible serious, male violent crime

offenders in five residential treatment homes run by the Swedish National Board of

Institutional Care. Eighty-one (70%) 16 to 21-year-old youth at medium-high violent

recidivism risk were included and randomized to an individualized 15 to 20-session CBT

intervention plus TAU (n = 38) or to TAU-only (n = 43), 4–6 months before release

to the community. Participants were assessed pre- and post-treatment, at 12 months

(self-reported aggressive behavior, reconvictions) and 24 months (reconvictions) after

release. Intent-to-treat analyses were applied.

Results: The violent reconviction rate was slightly higher for iCBT+TAU vs. TAU-

only youth at 12 months (34 vs. 23%, d = 0.30, 95% CI: −0.24 to 0.84) and

24 months following release (50 vs. 40%, d = 0.23, 95% CI: −0.25 to 0.72), but

neither of these differences were significant. Cox regression modeling also suggested

non-significantly, negligibly to slightly more violent, and any criminal recidivism in

iCBT+TAU vs. TAU-only youth during the entire follow-up. Further, we found no

significant between-group differences in conduct problems, aggression, and antisocial

cognitions, although both iCBT+TAU and TAU-only participants reported small to

large within-group reductions across outcome measures at post-treatment. Finally,

the 12-month follow-up suggested marginally more DSM-5 Conduct Disorder (CD)

symptoms of “aggression to people and animals” in iCBT+TAU vs. TAU-only youth

(d = 0.10, 95% CI: −0.40 to 0.60) although this difference was not significant.
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Conclusion: We found no additive effect of individual CBT beyond group-based TAU

in residential psychological treatment for serious, young male violent offenders. Limited

sample size and substantial treatment dropout reduced the robustness of intent-to-

treat effect estimates. We discuss the possible impact of treatment dose and integrity,

participant retention, and TAU quality.

Keywords: violent crime, randomized controlled (clinical) trial, treatment outcome, reoffending, young offenders,

cognitive behavioral therapy, residential treatment, aggression

INTRODUCTION

Interpersonal violence is a profound global social and public
health problem. For instance, the World Health Organization
(WHO) concludes that homicide is the third leading cause of
death internationally for 15 to 44-year-old males (1). In a recent
annual victim survey in Sweden, 3.5% of the population over
15 years reported physical assault victimization during 2018 (2)
whereas 1.1% of US residents over 12 years described having
been a victim of violent crime in 2019 (3). Considering the
huge costs in human suffering and economic terms alike, even
small reductions in violent crime is important [e.g., (4)]. In
addition to broader universal and selective prevention efforts,
effective treatment of identified, and convicted violent offenders
is a vital component of a comprehensive violence prevention
strategy. However, working with young in contrast to adult
offenders requires attention to dissimilar judicial status, higher
rates of antisocial behavior, and recidivism risk but also higher
developmental malleability (5–7).

Providing effective recidivism-reducing interventions to
young serious violent offenders, often in residential care, is a
prioritized task for legal and social service authorities worldwide.
However, placing antisocial youth in specialized residential
treatment centers may have adverse effects, for example
increased reoffending risk (8–10) and impaired adult physical
and mental health (11). Many young offenders experience
isolation and violations of their basic rights in institutions
(12) and incarceration of young offenders may reinforce
destructive behaviors (13). For instance, through attention and
encouragement from peers when exhibiting oppositional or
aggressive behaviors toward staff. Such negative influences or
contagion effects suggest a need for individualized interventions
to complement the more common group-based interventions in
juvenile forensic institutions (12, 14).

Although treatment effects tend to be small, systematic
reviews have suggested promising treatments to reduce
criminal recidivism [e.g., (5, 15)]. Regarding young offenders,
Armelius and Andreassen (16) systematically reviewed 12
randomized controlled trials (RCTs) and non-randomized
controlled trials of interventions based on cognitive behavioral
therapy (CBT) targeting 12 to 22-year-old incarcerated young
offenders. Cognitive behavioral therapy-based interventions
were associated with a small recidivism risk reduction (10% on
average) in any new crime at 12-month follow-up compared
to controls. In contrast, no significant treatment effects were

found at 6 and 24 months, nor did data suggest differences
across different CBT interventions. Morales et al. (4) conducted
a systematic review of 31 randomized or quasi-experimental
studies of 12 to 21-year-old offenders incarcerated for serious
or repeated violent or non-violent offending. Their findings
suggested marginal reductions of violent and general recidivism
(odds ratio = 1.27, p = 0.005) for cognitive behavioral and
multimodal interventions. Compared to control groups, Koehler
et al. (17) found CBT interventions to be more effective
(mean reduction 13%) in reducing reoffending than non-CBT
interventions (mean reduction 6%) in a systematic review
of treatment programs in Europe for offenders <25 years
of age. In a meta-analysis of 27 primary controlled studies,
De Swart et al. (10) compared the effectiveness of broadly
defined evidence-based institutional treatment with other forms
of institutional and non-institutional care with at least post-
treatment measures as outcome. Their results indicated that
institutional care could be as effective as non-institutional care,
and that evidence-based interventions on average proved more
effective than institutional care-as-usual (d = 0.34). Specifically,
CBT-interventions had a moderate effect (d = 0.50) based on a
summary measure containing delinquency, behavior problems,
skills, and a miscellaneous problem category.

Importantly, a meta-analysis of six studies with 13 effect
sizes by Hoogsteder et al. (18) suggested that interventions
with individualized CBT components could be more effective
in reducing severe aggressive behavior in adolescents compared
to regular care or treatment-as-usual (TAU) with no CBT
components (between group d = 1.14). The authors conclude
that the addition of individually tailored interventions based on
the risk, needs, and responsivity (RNR) principles (19) to group
interventions might improve outcome for aggressive adolescents.

The rationale for this study was the weak effects found
previously for interventions administered in routine
practice targeting incarcerated serious, young male violent
offenders with medium to high recidivism risk. Hence,
we attempted to improve the existing evidence base
by conducting a five-site RCT in Sweden to evaluate
the effectiveness of an individual, manualized CBT
intervention (iCBT) added to standard group-based treatment
(TAU) in reducing reoffending, compared to TAU alone.
Specifically, our hypothesis was that iCBT+TAU would
reduce self-reported conduct problems, aggression, and
antisocial cognitions as well as criminal recidivism more
than TAU-only.
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FIGURE 1 | Flowchart of a randomized controlled trial (RCT) comparing an individualized cognitive-behavioral intervention (iCBT) plus group-based

treatment-as-usual (TAU) with TAU-only among serious, young male violent offenders.

MATERIALS AND METHODS

Setting

We conducted a randomized, controlled trial in Sweden across
five (out of the six existing) residential facilities for serious
young violent offenders sentenced by general criminal courts to
secure care according to the Closed Institutional Youth Care
Act. The secure facilities, administered by the National Board
of Institutional Care, are located across Sweden and participant
inclusion occurred between December 2003 and August 2006.
Sweden has no formal separation of juvenile and adult justice
systems and Closed Institutional Youth Care was introduced on

January 1, 1999, as a new sentence for adolescents between 15
(age of criminal responsibility) and 17 years guilty of serious
criminal offenses. Crime categories usually include (aggravated)
robbery or assault, homicide or rape. Closed Institutional Youth
Care was introduced as a custodial replacement to imprisonment
with adults in the general prison system. Sentence lengths vary
from 14 days to 48months, the full term is served in an institution
and there is no parole. During 2000–2006, when the youth in
this study were convicted, 115–120 individuals yearly (97%male)
were convicted to an average of 9months in secure care according
to the Closed Institutional Youth Care Act (20). For a detailed
account, see also Pettersson (21).
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Participants
We included young male offenders with 4–6 months remaining
of an ongoing residential youth care sentence of ≥6 months
for a non-sexual, violent crime. We defined violent offenses as
homicide, assault, assault of an officer, robbery, and aggravated
arson while sexual offenses were not included. Attempted or
aggravated versions of these offenses were included whenever
applicable. Female offenders were not included due to very small
numbers overall and placement in non-participating residential
facilities. Youth were ineligible to participate if they did not speak
Swedish sufficiently well or had current severe, destabilizing
psychiatric disorders involving psychotic or suicidal features.

Twenty-one youth were lost from possible participation
prior to being asked. Eleven of these were either moved to
a non-participating institution or available psychotherapist(s)
had no room at the time to take them on for iCBT following
possible inclusion. Another ten individuals were not asked
due to miscommunication between researchers and staff at
the five participating institutions. Finally, four youth were not
approached due to intellectual impairment (total IQ < 70)
as ascertained from psychological testing or a psychiatrist or
psychologist’s clinical judgment.

A total of 115 eligible male youth were asked for possible
inclusion, 82 of which (71.3%) agreed to participate following
oral and written informed consent (see Figure 1). Main self-
reported reasons for non-participation included poor motivation
and being suspicious of psychologists and researchers.
Participants (M = 17.7, SD = 0.9) were moderately younger
than non-participants (M = 18.3, SD = 1.0, p < 0.01). The
proportion of youth that consented to inclusion ranged from
67% (18/27) to 74% (17/23) across the five residential treatment
homes. The average sentence length for participating youth was
10.2 months (SD = 6.3, range: 5.0–48.0). Since one male was
mistakenly asked to participate just before release, 81 subjects
were randomized either to TAU+iCBT (n = 38) or TAU-only
(n= 43); the difference in numbers was due to chance.

Sociodemographic Characteristics
Participants were all males aged 16–21 years at inclusion.
Twenty-five percent (n= 20) were non-immigrants withmajority
ethnicity, defined as being born in Sweden with both biological
parents born in Sweden. Forty-six percent (n= 37, including two
trans-nationally adopted boys) were first-generation immigrants,
born abroad and with both parents born abroad. Thirty percent
(n = 24) were second-generation immigrants, born in Sweden
with one or both parents born abroad. For further details, see
Table 1.

Procedure
The Regional Research Ethics Committee in Stockholm approved
of the study (dnr: 03–315). Eligible young violent offenders
at the five participating residential treatment facilities were
consecutively asked to participate by a psychotherapist or
another staff member, usually the head of the ward. Subjects
provided oral and written informed consent to participate. For
participants younger than 18 years, oral and written permission
were also obtained from his legal guardian. At baseline, the

youth completed six self-report questionnaires (described below)
provided by the staff at the residential facilities. Participants
were informed that all information they provided during baseline
assessments and throughout the study was for research only and
would not be accessible for ward and clinical staff. The youth
were given as much time they needed for the completion of
the questionnaires and instructed to ask a nearby staff member
for help in case of difficulty to read or understand items. The
staff made sure that the youth completed the questionnaires on
his own, with no other youth disturbing him. Each participant
personally put his filled-out questionnaires in an envelope
and sealed it followed by the envelope being collected by the
research assistant. Within a week from the completion of the
questionnaires, the youth was interviewed and assessed face-
to-face with the SAVRY and the PCL:SV by a trained research
assistant (B.Sc. in psychology and criminology). The research
assistant was not involved in youth care and all participants were
again carefully informed that no information provided during
assessments would be revealed to ward staff. We also explicitly
informed about the only exception to this: a duty to report to the
social services (according to the Swedish Social Services Act) if
the youth would reveal information about any specific, named
child currently at imminent risk of suffering harm, including
child abuse or neglect. No such reporting was deemed necessary
during the trial.

Participants received 100 SEK (approximately 10.50 USD)
for completion of self-report questionnaires and participation in
the baseline interview. One to three weeks before leaving the
institution, the youth completed post-treatment questionnaires,
again administered by the staff. Again, we reminded participants
that all information was for research only and would not be
used against them. Subjects received another 100 SEK upon
completion of the post-treatment assessment.

Randomization
Participants were randomized to either iCBT plus the standard
intervention (TAU) (experiment group) or TAU-only (control
group) across all five sites to reduce the risk of bias due
to intervention differences between units. Randomization was
obtained with a pre-existing, computer-generated series in
an unweighted fashion with either “iCBT” or “TAU” printed
on paper at an overall 1:1 ratio. Every single printout was
individually placed in opaque envelopes held centrally by the
research group and later drawn by the last author when contacted
by the research assistant or a site coordinator reporting that a
specific eligible youth had completed pre-trial assessments.

Interventions
Individual Cognitive Behavior Therapy
Individual Cognitive Behavior Therapy (iCBT) (23) is a
manualized treatment program for serious violent offenders,
developed by the first author, and based on extant research
on violent offending and evidence-based treatment of serious
young offenders at the beginning of the 2000s (24–26). Andrews’
and Bonta’s (27) influential textbook Psychology of criminal
conduct provided important inspiration for the program,
particularly regarding adherence to the RNR principles of
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TABLE 1 | Baseline sociodemographic and pre-treatment data for participants in an RCT of an individualized CBT intervention (iCBT) plus treatment-as-usual (TAU) vs.

TAU-only among convicted serious, young male violent offenders.

Baseline characteristic iCBT participants (n = 38) TAU participants (n = 43) Effect size for difference

Cohen’s d

Sociodemographic variables

Age at inclusion, years, M, SD 18.0 (0.9) 17.7 (0.7) 0.29ns

Urban area of residence, % (n) 45% (17) 67% (29) –0.47*

Migrant status

Born in Sweden w both parents born in Sweden, % (n) 32% (12) 19% (8)

Born in Sweden w one parent born abroad, % (n) 29% (11) 30% (13) –0.31ns

Born abroad, % (n) 40% (15) 51% (22)

Index offense

(Attempted) homicide, % (n) 11% (4) 5% (2)

(Aggravated) assault, % (n) 29% (11) 26% (11) –0.26ns

(Aggravated) robbery, % (n) 58% (22) 65% (28)

Aggravated arson, % (n) 3% (1) 5% (2)

Length of index sentence, months, M, SD 10.53 (7.27) 10.00 (5.36) 0.08ns

Residential treatment home

A, % (n) 26% (10) 23% (10)

B, % (n) 24% (9) 23% (10)

C, % (n) 21% (8) 23% (10) −0.05ns

D, % (n) 18% (7) 21% (9)

E, % (n) 11% (4) 9% (4)

Psychological functioning, aggression, and social cognition

Youth Self-Report, affectivea (0–24), M, SD 4.89, 4.05 4.77, 3.21 0.04ns

Youth Self-Report, anxietya (0–12), M, SD 2.45, 1.80 2.35, 2.15 0.05ns

Youth Self-Report, somatica (0–14), M, SD 2.39, 2.49 1.91, 1.94 0.22ns

Youth Self-Report, ADHDa (0–10), M, SD 3.29, 2.51 3.58, 1.99 −0.13ns

Youth Self-Report, oppositional defianta (0–10), M, SD 3.71, 2.75 3.91, 2.24 −0.08ns

Youth Self-Report, conduct problemsa (0–28), M, SD 7.53, 4.90 6.79, 3.64 0.17ns

Aggression, totalb (0–42), M, SD 11.18, 7.37 10.07, 6.24 0.16ns

Aggression, proactiveb (0–20), M, SD 5.18, 4.19 4.65, 3.27 0.14ns

Aggression, reactiveb (0–12), M, SD 3.55, 1.91 3.28, 1.94 0.14ns

Antisocial cognitionsc (40–240), M, SD 121.50, 43.50 113.79, 28.27 0.21ns

Socio-moral reflection ability, total scored (11–33), M, SD 16.97, 3.73 17.81, 3.78 −0.08ns

Substance abuse

SAVRY item 19e % (n)

Low 26% (10) 21% (9)

Medium 18% (7) 40% (17) 0.12ns

High 55% (21) 40% (17)

Psychopathic personality traits and recidivism risk

PCL:SV, total score (0–24), M, SD 12.47, 4.66 12.95, 5.34 −0.10ns

PCL:SV, interpersonal/affective factor (0–12), M, SD 4.79, 3.02 5.37, 3.30 −0.18ns

PCL:SV, unstable lifestyle/antisocial factor (0–12), M, SD 7.89, 2.19 7.79, 2.62 0.04ns

SAVRY, total risk scoref (0–48), M, SD 23.42, 6.26 22.33, 7.62 0.16ns

SAVRY, overall riskg, % (n)

Low 10% (4) 12% (5)

Medium 58% (22) 44% (19) −0.18ns

High 32% (12) 44% (19)

SAVRY, total protective scoreh (0–6), M, SD 3.34, 1.48 2.84, 1.82 0.30ns

Following Cohen (22): Italicized figures denote 0.20 < d < 0.50, equal to a “small” effect size.
a DSM diagnosis-oriented subscale, past 6 months.
b No specified period.
c Self-reported antisocial cognitive distortions during past 6 months according to How I think, total score. Higher scores indicate more distortions.
d Higher score indicates more mature socio-moral judgments.
e SAVRY item 19, Substance use difficulties, refers to alcohol or drug use that is sufficiently severe to cause problems in physical health or in one or more major areas of functioning.
f Summary risk score across all 24 SAVRY risk items rated 0 = low, 1 = medium, or 2 = high.
g Distribution of overall structured professional recidivism risk judgments over low, medium, and high risk.
h Summary score across all six protective factors rated 0 = absent or 1 = present.
ns p > 0.05, *p < 0.05.

Frontiers in Psychiatry | www.frontiersin.org 5 August 2021 | Volume 12 | Article 670957

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Lardén et al. Individual CBT and Youth Violent Recidivism

effective rehabilitation. These principles suggest that effective
treatments against antisocial behavior should focus on offenders
with higher recidivism risk, target criminogenic needs that drives
criminal behavior, and address individual learning styles as well
as resources and barriers within and around the individual
offender responsivity (19).

Social learning and cognitive behavioral theories and methods
as well as treatment philosophy were described in detail
in Lardén (28), that was mandatory reading for treatment
providers together with the formal iCBT manual (23). The
main purpose of iCBT is to enhance adolescents’ prosocial
skills by practicing newly learned problem-solving and cognitive
self-control strategies to manage everyday situations at the
institutions. In a relapse prevention strategy, these new skills
are hereafter adapted and planned for use in post-release real-
life situations. Relapse prevention also included interpersonal
skills training and identification of social network persons who
could function as prosocial support after release. The iCBT
intervention has four main phases aimed to strengthen prosocial
skills and reduce recidivism risk: motivation and goal setting,
social problem-solving training, cognitive self-control training,
and relapse prevention. A complete iCBT intervention comprises
15–20 individual 45-min one-to-one sessions, administered
approximately once per week.

An individual case formulation based on identified
criminogenic needs was conducted at the start of the
intervention. The case formulation contained a description of the
adolescent’s criminal history focusing on both the index offense
and prior antisocial development. First, five criminogenic need
domains related to recidivism risk (19) were mapped: persistence
and pervasiveness of antisocial behavior, antisocial attitudes
and values, substance misuse, temperament and personality
factors that influence antisocial behavior, as well as psychiatric
morbidity related to antisocial behavior. Second, antisocial peers
and associates involved in or supportive of the adolescent’s
antisocial behavior around the index crime were identified, as
well as persons who could function as prosocial role models.
Prior experiences from school and vocational training were also
described. Finally, the adolescent’s strengths and resources that
could protect against recidivism or enhance treatment progress
were listed. The case formulation was a basis for the idiographic
iCBT content delivered according to 15 manualized sessions (see
Appendix 1 in Supplementary Material). Depending on the
adolescent’s specific needs and responsivity, some sessions were
repeated up to three times.

For the iCBT group, the intervention was added to ordinary
treatment curricula at participating institutions, while controls
received solely the ordinary curricula (TAU). Seven therapists (4
men and 3 women) were recruited from the treatment staff at
participating institutions (mean age = 49.3, range 20–54 years).
Three were board-certified clinical psychologists, two academic
social workers, and two were staff with a general education
and specific training in individual psychotherapy. All, except
one psychologist, had more than 10 years’ experience of clinical
work with serious young offenders. All therapists/iCBT providers
attended an initial 2-day iCBT training seminar. Treatment
integrity was upheld through repeated, individual supervision by

e-mail up to once per month and through 1- or 2-day meetings
twice a year.

Treatment-As-Usual
Treatment-as-usual consisted of ordinary residential treatment
interventions at the five participating institutions; the specific
contents varied across sites. Most of the time in residential
homes was spent on structured activities of daily living, formal
education, and leisure activities. The most common active
intervention was interpersonal skills training sessions based
on Aggression Replacement Training (ART) (29) with up
to weekly group-based sessions. Other common interventions
included ART-based anger management training, usually with
group sessions once weekly for 10 weeks and supportive family
therapy/network meetings with the individual young offender
and his family members. To ascertain similar intensities of the
TAU condition for both iCBT+TAU and TAU-only youth, we
reminded the sites to maintain the ordinary treatment plan
whenever a new participant was included in the study. No
other individual psychological treatments took place during the
study period. Apart from occasional medication with SSRIs,
pharmacological treatment with antipsychotics, mood stabilizers,
stimulants, and medications against substance misuse was
uncommon in residential treatment at the time of the study.

Measures
Self-Report Questionnaires

Youth Self-Report
The Youth Self-Report (YSR) (30) is a 111-item self-report
questionnaire for 11 to 18-year-olds that taps emotional and
behavioral problems dimensionally. Youth respond about the
past 6 months on a three-point scale: 0= not true, 1= somewhat
or sometimes true, and 2= very true or often true. Studies suggest
that the DSM-oriented subscales of the YSR have acceptable
validity (31, 32). The YSR has been translated and validated
in Sweden and Swedish validation data suggest acceptable
to good internal consistency for the three tested affective-,
anxiety-, and attention problem scales for boys aged 13–18 years
[Cronbach’s α ≥ 0.70, (33)]. We used YSR’s six DSM-oriented
subscales: affective-, anxiety-, somatic-, ADHD-, oppositional
defiant, and conduct problems for baseline assessments and
specifically oppositional defiant and conduct problems for pre-
post treatment comparisons.

Reactive and Proactive Aggression Scale
We used a self-report version of the Reactive and proactive
aggression scale (34) tapping two subtypes of aggressive behavior.
The instrument contains 21 items; 10 measures proactive
aggression and 6 reactive aggression while 5 are neutral items not
loading on either scale. An example item is “Threatens others.”
Subjects respond on a three-point Likert-type scale (0 = never,
1 = sometimes or 2 = often) and items are added in a linear and
unweighted fashion to subscale summary scores. The zero-order
correlation between the 10-item proactive and 6-item reactive
aggression scales was high in the original version (r = 0.70).
Internal consistency was also high (Cronbach’s α= 0.94 and 0.92,
respectively). In this study, internal consistency was high for the
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total and proactive scales (α = 0.81 and 0.85, respectively), but
weaker for the reactive scale (α = 0.57). We used the total score,
as well as proactive and reactive aggression subscales for baseline
and post-treatment assessments.

How I Think
How I Think (HIT) (35) is a 54-item self-report questionnaire
addressing self-serving cognitive distortions. It contains 39 items
tapping attitudes or beliefs related to antisocial behavior, 8 items
to control anomalous responses, and another 7 items are positive
fillers. Subjects respond on a six-point Likert scale (from 1, I
agree strongly to 6, I disagree strongly) where high scores indicate
more cognitive distortions. Internal consistency expressed as
Cronbach’s α was 0.94 in this study, compared to 0.96 in a
previous Swedish report with adolescents as well as for the
original English version (35, 36).

Sociomoral Reflections Measure—Short Form
Sociomoral Reflections Measure—Short Form (SRM-SF) (37) is a
self-report instrument addressing moral judgement development
according to the neo-Kohlbergian typology. The SRM-SF contains
brief contextual statements and moral evaluation questions.
Subjects evaluate and justify how important it is to act in a certain
way according to 11 open-ended questions. Response patterns are
evaluated and coded by an expert rater according to the SRM-SF
manual. Studies suggest acceptable reliability and validity of such
coding in youth (37–39), including good internal consistency
(Cronbach’s α = 0.93) and inter-rater reliability for the total
score (ICC= 0.83) (37), expressed with the single rater intraclass
correlation coefficient (ICC) (40). The Swedish version exhibited
similar good inter-rater reliability (single rater ICC = 0.82) in
a previous study of antisocial and matched general population
adolescents (36). For the current sample, we found good internal
consistency (α = 0.79) and inter-rater reliability for total scores
(single rater ICC= 0.83).

Baseline: Expert Ratings

The Structured Assessment of Violence Risk in Youth
The Structured Assessment of Violence Risk in Youth (SAVRY)
(41) is a risk assessment protocol based on the structured
professional judgment model and includes ten historical risk
factors, six social/contextual, eight individual risk factors, and
six protective factors. Risk factors were coded on a three-level
ordinal scale as low (0), medium (1), or high (2) while protective
factors were coded dichotomously as present (1) or not (0).
SAVRY was translated into Swedish by the last author following
the North American original as closely as possible and yet being
sensitive to Swedish social and legal conditions. We made a
minor adjustment regarding the final professional judgment of
future violence risk by excluding sexual crime from recidivism
that the rater should aim at predicting, as risk factors for sexual
reoffending in adolescents are partly different from those covered
by SAVRY (42–45). We summed the ratings of the 24 historical,
social/contextual, and individual risk factors, resulting in total
SAVRY risk scores ranging from 0 to 48. Interrater reliability for
the SAVRY summary risk score, obtained from 25 joint sit-in

ratings by two trained, independent raters, was an excellent single
rater ICC= 0.92.

Psychopathy Checklist: Screening Version
The Psychopathy Checklist: Screening Version (PCL:SV) (46)
was developed from the original Psychopathy Checklist-Revised
(47) to screen for possible psychopathy. The PCL:SV is validated
for use with individuals from age 16. The PCL:SV consists
of 12 items based on the 20-item PCL-R. Each item of the
PCL:SV is scored on a three-point ordinal scale; not present
(0), partly/maybe present (1), or definitely present (2). Inter-
rater reliability, again measured across 25 individuals, was
high (single rater ICC = 0.81) for PCL:SV total scores and
interpersonal/affective and unstable lifestyle/antisocial factors
had interrater reliability scores of 0.81 and 0.68, respectively.
Whether violent offenders with many psychopathic personality
traits are truly treatable has been an important question in
correctional and forensic practice [e.g., (48–50)]. Although
components of expert-rated psychopathy (according to PCL:R/-
SV) beyond antisocial lifestyle tend to be unrelated to violent
recidivism, we tested if PCL:SV psychopathy differed between
youth randomized to iCBT+TAU and TAU-only. However, no
baseline differences were found, and psychopathy was not used
as a moderator variable.

Outcome
Aggressive Behavior
Aggressive behavior at 12-month follow-up was measured as a
conduct disorder (CD) symptom summary score derived from
structured questions in follow-up telephone interviews with each
participant’s social service case manager, the youth himself, or
both. The interviewing research assistant was masked to the
youth’s prior residential treatment allocation (iCBT+TAU or
TAU-only) and participants and social service case managers
were explicitly instructed at the beginning of the interview to
not tell the interviewer details about prior residential treatment.
We obtained interpretable data from 58 youth interviews and
49 interviews with social service staff. When both sources
were available (n = 43), we used the highest reported value.
The outcome score was based on an unweighted summary of
the seven1 aggressive CD symptoms in DSM-5 (51). Interview
responses were provided on a five-point scale (never, 1–2 times, 3–
5 times, 6–10 times, and 11+ times) regarding the past 12 months
(i.e., from the end of treatment to the day of the interview). We
recoded answers into a three-point scale: (0 = never, 1 = 1–2
times, 2 = 3+ times) resulting in a possible score range of 0–
16. Aggressive CD symptom data were provided by 64 of the 81
participants (79%). Ten iCBT participants and seven TAU-only
controls were unavailable for this outcome.

Register-Based Criminal Reconvictions
We also addressed registered criminal re-offending during
follow-up leading to a conviction registered in the National

1To better capture sexually abusive behavior without explicit force, we added “has
had sex with someone unwilling by using pressure or drugs” as an additional item
to complement the original aggressive CD criterion “has forced someone into
sexual activity”.
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Crime Register held by the Swedish National Council for Crime
Prevention (2). Data for this outcome were obtained for all
participants until December 31, 2008.

Violent recidivism included homicide, assault, violence
against an officer, robbery, and aggravated arson. Aggravated and
attempted versions of these offenses were also included whenever
applicable. Crime Register data reflect that the Swedish judicial
system does not allow for plea bargaining so violent crime charges
are never pleaded down, precluding loss of cases due to plea
bargaining. Further, the Swedish legal system convicts individuals
as guilty regardless of the presence of any psychiatric disorder,
although sentencing might be informed by such disorders.

Any criminal recidivism included reconvictions for all
violent offenses listed above but also gross violation of a
woman’s/person’s integrity, illegal coercion, illegal threats, and
intimidation, rape and other sexual crimes, and all other
offenses according to the Swedish Penal Code and Narcotics
Act. The nationwide National Crime Register provided criminal
reconviction data for violent and general crimes, respectively,
at 12- and 24-month follow-ups. We addressed frequency
of reoffending as the count of new registered crimes across
separate court sentences committed at 12- and 24-month follow-
up, respectively.

Statistical Analysis
We computed Cohen’s d:s with 95% confidence interval as effect
size measure with the freely available Practical Meta-Analysis
Effect Size Calculator provided by the Campbell Collaboration
[(52), based on (53)]. Following Cohen (22), d:s were interpreted
as marginal (<0.20), small (0.20–0.49), moderate (0.50–0.79), or
large (0.80+) effects. Pre- to post-test comparisons were done
variable-wise as paired t-tests that were translated into Cohen’s
d:s using the freely available effect size calculator provided by the
Memorial University of Newfoundland, Canada (54).

For pre- to post-treatment changes across six outcomes
(Table 2), we used a mixed-effects ANOVA with group (iCBT
vs. TAU-only) entered as a fixed effect and time (pre- vs. post-
measurement) as a random effect in a repeated measures design.
Missing data, usually less than five data points but occasionally
up to ten within one subject, were handled by single mean
imputation. For registered criminal recidivism during the entire
follow-up period, we used Cox regression modeling with five
empirically plausible covariates (age, urban residence, migrant
status, antisocial cognitions, and SAVRY protective factors)
with baseline differences of d ≥ 0.20). All statistical analyses
were performed with the IBM Statistical Package for the Social
Sciences (SPSS) version 24.

Power Analysis
Based on our reading of the literature when planning the study,
we assumed a, in hindsight overly optimistic, difference in violent
recidivism rates of 50 vs. 25% for iCBT+TAU over TAU-only.
Before starting the study, we decided on a less conservative α of
0.10 in an attempt to balance risks for false positive findings (type
I errors) and false negatives (type II errors). Reaching statistical
significance at α = 0.10 (two-sided test) with a power of 0.80
would require 88 (44 treated and 44 control) participants.

RESULTS

Baseline Comparisons of iCBT and
TAU-Only Participants
Table 1 displays baseline data for participants and reveals a
few small-sized (d = 0.21–0.47), significant (urban residence)
and non-significant baseline differences (age, migrant status,
index violent offense type, somatic anxiety, antisocial cognitions,
and SAVRY protective factors) between youths randomized to
iCBT+TAU or TAU-only. Except for somatic anxiety and index
violent offense type, both empirically unlikely to be related
to violent recidivism risk, five of these seven covariates were
controlled for in the Cox regression model described below.

Pre- to Post-treatment Comparisons
Pre- to post-treatment reductions in self-reported conduct
problems, aggression, and antisocial cognitions are presented
in Table 2. Both iCBT+TAU and TAU-only youth reported
significant small-to-large effect-size reductions on all six
measures, except for reactive aggression for iCBT+TAU
participants. No between-group or interaction effects were found
using mixed-design ANOVAs except for proactive aggression
where iCBT+TAU participants reported a tendency towardmore
self-reported improvement [F(1,70) = 2.99, p < 0.10].

Follow-Up: Aggression at 12 Months
The mean DSM-5CD aggressive symptom score was 4.27
(SD= 3.55, range 0–11). We found no significant difference
in CD symptom scores between iCBT+TAU and TAU-only
participants (t = 0.39, df = 62, p = 0.70, d = 0.09) as reported
by the youth themselves or their social service case managers (see
Table 3).

Follow-Up: Registered Criminal Recidivism
at 12 and 24 Months
Violent reconviction rate differences were small but non-
significantly higher for iCBT+TAU youth at 12 months (34 vs.
23%, d = 0.30, 95% CI: −0.24 to 0.84) and 24 months (50 vs.
40%, d= 0.23, 95%CI:−0.25 to 0.72). Similarly, any reconviction
differences at 12 and 24 months were marginal to small and non-
significant.

There were small-sized, non-significant differences in number
of offense counts favoring TAU-only over iCBT+TAU youth at
12 months (Mann-Whitney U = 738.00, p = 44, d = 0.17), and
at 24 months (U = 712.00, p= 0.32, d = 0.22).

We used Cox proportional hazards regression to compare
recidivism rates for iCBT+TAU and TAU-only subjects for the
entire follow-up period (M = 42 months, SD = 8, range 27–
54 months). Controlling for five small-sized covariate differences
at baseline, iCBT+TAU compared to TAU-only participants
had slightly, non-significantly higher risk of violent recidivism
[adjusted Hazard Ratio (aHR) = 1.57; 95% CI: 0.78 to 3.16] and
negligibly lower for any recidivism (aHR = 0.89; 95% CI: 0.51
to 1.54), respectively. Corresponding estimates for the initial,
unadjusted Cox regression model were essentially the same (data
not shown).
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TABLE 2 | Pre- to post-treatment comparisons (within-group) of self-reported conduct problems, aggression, and antisocial cognitions in an RCT of an individualized

CBT intervention (iCBT) plus treatment-as-usual (TAU) vs. TAU-only among serious, young male violent offenders.

Variable iCBT participants Effect size for

difference

Cohen’s d

TAU participants Effect size for

difference

Cohen’s dPre-treatment Post-treatment Pre-treatment Post-treatment

Youth Self-Report, oppositional defianta

(0–10), M, SD (n)

3.71, 2.75 (38) 1.27, 1.01 (33) 0.94*** 3.91, 2.24 (43) 1.33, 0.92 (40) 1.12***

Youth Self-Report, conduct problemsa

(0–28), M, SD (n)

7.53, 4.90 (38) 1.36, 1.85 (33) 1.40*** 6.79, 3.64 (43) 1.10, 1.34 (40) 1.64***

Aggression, totalb (0–42), M, SD (n) 11.18, 7.37 (38) 8.34, 6.27 (32) 0.62*** 10.07, 6.24 (43) 7.75, 6.77 (40) 0.39*

Aggression, proactiveb (0–20), M, SD (n) 5.18, 4.19 (38) 3.81, 3.46 (32) 0.65*** 4.65, 3.27 (43) 3.78, 3.39 (40) 0.23ns

Aggression, reactiveb (0–12), M, SD (n) 3.55, 1.91 (38) 3.37, 1.79 (32) 0.02ns 3.28, 1.94 (43) 2.67, 2.09 (40) 0.26ns

Antisocial cognitionsc (40–240), M, SD (n) 121.50, 43.50

(38)

108.44, 41.98

(32)

0.34§ 113.79, 28.27

(43)

105.37, 40.36

(40)

0.27§

(n) denotes number of subjects with data in each treatment condition. Following Cohen (22): Bolded figures denote d > 0.50, equal to a “moderate” or larger effect size, italicized figures

denote 0.20 < d < 0.50, equal to a “small” effect size.
a DSM diagnosis-oriented subscale, past 6 months.
b No specified measurement period; asks about how well the 21 statements agree with how you are.
c Self-reported antisocial cognitive distortions, past 6 months according to How I think, higher scores indicate more distortions.
ns Paired t-test, p > 0.10, §Paired t-test, p < 0.10, *Paired t-test, p < 0.05, ***Paired t-test, p < 0.001.

TABLE 3 | Aggressive symptoms and register-based criminal reconvictions at follow-up in an RCT of an individualized CBT intervention (iCBT) plus treatment-as-usual

(TAU) vs. TAU-only among convicted serious, young male violent offenders.

Outcome 12-month follow-up 24-month follow-up

iCBT

participants

(N = 38)

TAU

participants

(N = 43)

Effect size

difference

Cohen’s d

(95% CI)

iCBT

participants

(N = 38)

TAU

participants

(N = 43)

Effect size

difference

Cohen’s d

(95% CI)

Aggressive DSM-5CD symptom scorea

(0–16), M, SD

4.46, 3.67 (28)b 4.11, 3.50 (36)b 0.10 (−0.40 to

0.60)

NA NA NA

Criminal reconvictions

Violent crimec, % (n) 34% (13) 23% (10) 0.30 (–0.24 to

0.84)

50% (19) 40% (17) 0.23 (–0.25 to

0.72)

Any crime, % (n) 71% (27) 65% (28) 0.15 (−0.37 to

0.67)

71% (27) 74% (32) −0.09 (−0.63 to

0.45)

No. of offense countd, M, SD 5.61, 8.95 3.49, 4.31 0.31 (–0.13 to

0.74)

7.82, 9.05 5.14, 6.35 0.35 (–0.78 to

0.10)

Following Cohen (22): Italicized figures denote 0.20 < d< 0.50, a “small” effect size.
a Summary score of eight possible DSM-5 Conduct Disorder symptoms scored 0 = never, 1 = 1–2 times or 2 = 3+ times that the participant had acted accordingly during the past

12 months. Based on masked researcher interviews with each participant’s social service case manager, the youth himself or both.
b Figures within parentheses denote number of subjects with data in each treatment condition.
c Included (attempted) homicide, aggravated assault, (aggravated) robbery, (attempted/aggravated) rape, and (aggravated) arson. However, no participants were reconvicted of

(attempted) homicide or (attempted/aggravated) rape during follow-up.
d Defined as total number of all new counts across all court sentencing occasions during the entire follow-up.

Completer Analyses
Despite the best efforts of the contributing therapists and
their supervisor, only 15 of 38 youths (39%) randomized to
iCBT finished enough sessions (15 or more) to be considered
completers. Regarding baseline characteristics likely to affect
treatment adherence, iCBT completers were moderately but non-
significantly older than TAU-only youth (M = 18.1; SD = 1.1
vs. M = 17.7, SD = 0.7; d = 0.51; 95% CI: −0.09 to 1.10), and
had substantially less ADHD symptoms (M = 2.00, SD = 2.36
vs. M = 3.58, SD = 1.99, d = −0.76; 95% CI: −1.36 to −0.15)
and oppositional defiant symptoms than TAU youth (M = 2.33,

SD = 2.47 vs. M = 3.91, SD = 2.54, d = −0.63, 95% CI: −1.22
to −0.03). Finally, iCBT completers had moderately but non-
significantly more SAVRY protective factors compared to TAU-
only youth (M = 3.73, SD = 1.22 vs. M = 2.84, SD = 1.82,
d= 0.53, 95%CI:−0.07 to 1.12). There were no othermeaningful
differences between iCBT completers and TAU-only youth on the
remaining baseline measures.

Regarding criminal reconvictions, 20% (n = 3) of completing
iCBT participants vs. 23% (n = 10) of TAU-only youth
recidivated in a violent crime within 12 months (d=−0.11, 95%
CI:−0.94 to 0.72). Corresponding figures for any crime within 12
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months was 60% for iCBT completers (n = 9) and 65% (n = 28)
for TAU-only participants (d=−0.14, 95% CI:−0.88 to 0.61). At
24 months, 33% (n = 5) of iCBT completers vs. 40% (n = 17) of
TAU-only participants had been reconvicted for a violent crime
(d = −0.16, 95% CI: −0.92 to 0.59). Correspondingly, within 24
months, 53% (n = 9) of iCBT completers and 74% (n = 32) of
TAU-only participants had recidivated in any crime (d = −0.40,
95% CI:−1.16 to 0.36).

Finally, for the full follow-up, Cox regression modeling
suggested marginal to small, non-significant, risk reductions for
violent reconvictions (aHR = 0.85; 95% CI: 0.28 to 2.55) or any
reconviction (aHR= 0.64; 95% CI: 0.28 to 1.45) when comparing
iCBT completers with TAU-only participants.

DISCUSSION

Concerned by the limited support for the effectiveness of
available group-based psychological interventions in residential
care for serious violent young offenders, we investigated the
potential effectiveness of the addition of an individualized CBT
intervention to TAU. A nationwide consecutive sample of 81
youths were randomized to iCBT+TAU or TAU-only in a
five-site ecological setting in Sweden. There were three main
findings. First, we found substantial pre- to post-treatment
improvements on self-reported conduct problems, aggression
scores and antisocial cognitions for both iCBT+TAU and TAU-
only youth, but no meaningful differences between treatment
arms. Second, in intent-to-treat analyses, we were unable to
statistically ascertain risk-reducing effects of iCBT treatment on
aggression scores at 12 months or on registered reconvictions
in violent or any crime at fixed 12- and 24-month follow-ups.
Neither did we find any risk-reductions effects of iCBT when
looking at the full follow-up period, or on number of conviction
counts at 12- and 24-months following release to the community.
Third, although complementary per-protocol analyses suggested
negligible to small effects favoring iCBT completers over TAU
youth, these comparisons were also non-significant.

We conclude that an individualized CBT intervention for
medium-to-high risk young male violent offenders in residential
treatment, focusing on cognitive self-control, and relapse
prevention, was insufficient to reduce aggression and criminal
reconvictions over and above group-based TAU treatments. iCBT
included components known to be associated with positive
outcomes, including relapse prevention, focus on interpersonal
skills, and homework assignments [e.g., (5, 55)], but may have
been insufficiently long and intensive to have desired impact.
No feasibility or pilot studies with iCBT were done before
the RCT. Because the full iCBT protocol had not been tested
beforehand, there is a risk that the manual was not instructive
and supportive enough for the therapists or that the training and
supervision of therapists was inadequate. Further, serious violent
young offenders are characterized by many criminogenic risk
factors across multiple risk areas; hence, this population probably
needs several different but integrated interventions to prevent
reoffending and establish a prosocial life [cf. (12)]. For instance,
pharmacological treatment might help clients with impulsivity

and emotional dysregulation, and vocational training and social
support may be necessary to establish and maintain a prosocial
lifestyle. Finally, the study design with both treated and control
youth in the same residential homes and cross-facility variability
in TAU treatment may have hindered satisfactory integration of
iCBT and TAU interventions. This, in turn, may have resulted in
poorer iCBT effectiveness.

Potentially effective pharmacological treatment with central
stimulants for ADHD, mood stabilizers, and medications against
drug craving are substantially more common in residential care
today than in 2003–2006. Unless considered in study design
and analyses, their use may complicate inferences about possible
effects of psychological interventions, for example by leveling
out the outcomes of experimental and control groups. Although
other studies reveal small possible changes in the prevalence of
substantial psychiatric (co)morbidities over time [e.g., (56)], we
are unaware of temporal sample composition changes that could
affect external validity of the present results.

Proper program implementation is crucial for effectiveness
[e.g., (57)]. For example, Helmond et al. (58) argued that
the low to moderate treatment integrity they found for the
EQUIP program, a CBT intervention common in juvenile
correctional facilities in North America, Australia, and Europe
(59) could, at least partly, explain the lack of recidivism-reducing
effect in their Dutch study. Systematic use of feasibility or
pilot studies could be a way to ensure that clinical settings
are ready for an effectiveness trial (60). Other methods for
monitoring fidelity during implementation and evaluation of
interventions in real-world settings include monitoring clients’
homework production, and video- or audio monitoring of
treatment sessions to assure therapist adherence to manuals,
protocols, and treatment principles. In an RCT of Multisystemic
Therapy (MST) effectiveness (61), for non-residential adolescent
offenders in Sweden, Sundell et al. (62) found no significant
post-treatment differences in problem behaviors between MST
and TAU participants. They also reported lower scores than
previous studies on the MST treatment fidelity measurement
(TAM). Since effectiveness differences across participating sites
were unrelated to TAM scores, these authors did not attribute
the lack of MST effectiveness solely to site effects and program
immaturity in terms of TAM-scores. Instead, Sundell et al.
(62) suggested the potential validity threat of TAU variability
(63–66) as an alternative explanation for similar improvements
among treatment and control subjects. On a related note,
transfer study investigators of MST, an intervention for youth
developed in the USA (62, 67) also argued that TAU may be
more potent in countries with stronger focus on tax-funded,
general child welfare systems such as Sweden and some other
European countries. A stronger relative effect of TAU in Sweden
would make it more difficult to uncover potential effects of a
complementary intervention like iCBT. Since TAU in the current
study involved incarceration for a substantial time, the iCBT
intervention may have been too short and not intensive enough
to exert impact beyond TAU.

Finally, the observed pre- to post-intervention improvements
in this study were not reflected in the high recidivism rates
found for both groups. This aligns with previous findings that
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short-term reductions in individual criminogenic risk factors
often fail to produce reduced recidivism after release (68–70). It
may be that maintenance of possible individual changes achieved
in treatment requires sufficient support following release also on
reasonable conditions in terms of housing, studies or work, and
prosocial interpersonal relations.

LIMITATIONS AND STRENGTHS

Even with the rather brief iCBT intervention, less than half
of those randomized eventually received the full intended
dose. Consistent with prior studies [e.g., (71–73)], participants
dropping out of iCBT treatment before completion of the
full treatment (15+ sessions) had substantially higher risk of
reoffending compared to TAU-only controls (data not shown).
This finding suggests dose and dropout issues, or the importance
of receiving an adequate, planned amount of treatment to avoid
the risk of harming vulnerable individuals. We had no systematic
measurements of initial motivation to engage in treatment; a
predictor of treatment attrition among young offenders (74).
Notably, treatment completers had significantly less (medium
effects) ADHD and oppositional defiant symptoms compared to
non-completers. This suggests that such symptoms may increase
attrition risk and need consideration in treatment planning.
The iCBT manual provided specific approaches for handling
dropout risk, for instance by using motivational interviewing
strategies with youth signaling lowered motivation. However,
despite being addressed in continuous supervision of iCBT
treatment providers, this may have been insufficient to secure
treatment completion.

Second, systematic reviews of treatment of young offenders
suggest that effectiveness studies (i.e., in regular clinical settings)
more often suffer from attrition, insufficient descriptions of
implementation or poor quality of the latter than do efficacy
studies[in more specialized, research-oriented settings; e.g., (17,
75)]. Suboptimal treatment integrity could be a limitation also
in this study. Contributing iCBT therapists were expected to
participate in repeated supervision in person and by email and
were encouraged to contact the supervisor whenever needed.
However, perhaps inevitably with high-risk serious violent youth
clients, some of them experienced difficulties with adhering to the
treatment process. Based on the suggested non-significant trend
toward marginal or small positive effects for iCBT completers
compared to TAU-only controls, treatment non-completion may
have influenced overall results.

Third, designing studies based on well-informed, careful
calculation of statistical power is important to avoid random
errors due to data variability [e.g., (76)]. Although we tried
to balance the risk of type I and II errors by using the less
conservative alpha level of 0.10, our study was underpowered,
primarily due to an initial overestimation of possible treatment
effects and client attrition. Nevertheless, the iCBT effects
suggested here, negligible or favoring the TAU condition, argue
against further testing of the current iCBT format as an add-on
to group-based interventions.

Strengths of the study include high ecological validity
(conducted in a real-world clinical setting, with few exclusion
criteria and with local therapists), contrasting iCBT with an

active and relevant comparator (TAU) used in most youth
residential treatment facilities in Sweden, and including multiple
sources of information;masked clinician ratings, self-reports, and
nationwide crime register data.

CONCLUSION

A complementary, individualized 15–20-session CBT
intervention focusing problem-solving, cognitive self-control,
and relapse prevention for serious, young male violent offenders
in residential treatment in Sweden was insufficient to reduce
aggression and criminal reconvictions during the 24 months
following release, beyond group-based TAU. Intent-to-treat
effect estimates were imprecise due to restricted sample size and
considerable attrition. However, suggested negligible or negative
effects argues against further testing of the iCBT format as a
complement to evidence-based group interventions, although
firm conclusions cannot be drawn given the present limitations.

Besides drawing attention to the relative effectiveness of
comparison interventions, our findings underscore the need for
more effective, comprehensive, and individualized interventions
for serious young violent offenders in residential treatment.
Further integration of psychological and psychiatric treatment
[cf. (56)], well-performed program implementation, and effective
strategies for maintaining treatment integrity are likely to benefit
these vulnerable and costly high-risk youth and society alike.

DATA AVAILABILITY STATEMENT

The dataset presented in this article is not readily available
since it contains sensitive details about the participants. Requests
to access the dataset should be directed to Martin Lardén,
martin.larden@kriminalvarden.se.

ETHICS STATEMENT

The study was reviewed and approved by the Regional
Ethics Review Board in Stockholm, Sweden. Written informed
consent to participate was provided by the youth himself
and, for participants younger than 18 years, also from
parent(s)/legal guardians.

AUTHOR CONTRIBUTIONS

ML and NL designed the study. ML coordinated the data
collection, conducted the data analyses, and drafted the initial
manuscript. All authors reviewed the manuscript for important
intellectual content and helped shape interpretations and the
final manuscript.

FUNDING

Financial support was generously provided by the Swedish
National Board of Institutional Care (grant 1.2002/0024.3).
The funder had no influence on study design, analyses,
conclusions, or decision to publish. The study was approved

Frontiers in Psychiatry | www.frontiersin.org 11 August 2021 | Volume 12 | Article 670957

mailto:martin.larden@kriminalvarden.se
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Lardén et al. Individual CBT and Youth Violent Recidivism

by the Regional Ethics Review Board in Stockholm, Sweden
(dnr: 03-315).

ACKNOWLEDGMENTS

We thank participating youth, therapists, and residential
homes for their time and dedication. A special thank you
to research assistant Ingrid Freij for skills, integrity, and

stamina in coordinating the project and for participant
baseline assessments.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyt.
2021.670957/full#supplementary-material

REFERENCES

1. World Health Organisation. Global Status Report on Violence Prevention.

Geneva: World Health Organisation (2014).
2. National Council for Crime Prevention. The Swedish Crime Survey 2019.

Stockholm: National Council of Crime Prevention (2019).
3. Morgan RE, Truman JL. Criminal Victimization, 2019. Washington, DC:

Bureau of Justice Statistics (2020). Available online at: https://www.bjs.gov/
content/pub/pdf/cv19.pdf (accessed October 23, 2020).

4. Morales LA, Garrido V, Sánchez-Meca J. Treatment Effectiveness in Secure

Corrections of Serious (Violent or Chronic) Juvenile Offenders. Stockholm:
National Board of Crime Prevention (2010).

5. Jolliffe D, Farrington DP. A Systematic Review of the National and

International Evidence on the Effectiveness of Interventions With Violent

Offenders. Ministry of Justice (2007).
6. Richards K. What Makes Juvenile Offenders Different From Adult Offenders?

Trends and Issues in Crime and Criminal Justice, 409. Canberra, ACT:
Australian Institute of Criminology (2011). Available online at: https://www.
aic.gov.au/sites/default/files/2020-05/tandi409.pdf (accessed September 21,
2020).

7. AssinkM, Van der Put CE, HoeveM, De Vries SLA, Stams GJJM, Oort FJ. Risk
factors for persistent delinquent behavior among juveniles: a metaanalytic
review. Clin Psychol Rev. (2015) 42:47–61. doi: 10.1016/j.cpr.2015.0
8.002

8. Aizer A, Doyle JJ. Juvenile incarceration, human capital, and future crime:
evidence from randomly assigned judges. Q J Econ. (2015) 130:759–
804. doi: 10.1093/qje/qjv003

9. Cécile M, Born M. Intervention in juvenile delinquency:
danger of iatrogenic effects? Child Youth Serv Rev.

(2009) 31:1217–21. doi: 10.1016/j.childyouth.2009.
05.015

10. De Swart JJW, Van den Broek H, Stams GJJM, Asscher JJ, Van der
Laan PH, Holsbrink-Engels GA, et al. The effectiveness of institutional
youth care over the past three decades: a meta-analysis. Child

Youth Serv Rev. (2012) 34:1818–24. doi: 10.1016/j.childyouth.2012.
05.015

11. Barnert ES, Dudovitz R, Nelson BB, Coker TR, Biely C, Li N, et al. How
does incarcerating young people affect their adult health outcomes? Pediatrics.
(2017) 139:e20162624. doi: 10.1542/peds.2016-2624

12. Souverein F, Dekkers T, Bulanovaite E, Doreleijers T, Hales H, Kaltiala-Heino
R, et al. Overview of European forensic youth care: towards an integrative
mission for prevention and intervention strategies for juvenile offenders.
Child Adolesc Psychiatry Ment Health. (2019). 13:6. doi: 10.1186/s13034-019-
0265-4

13. Dishion TJ, Tipsord JM. Peer contagion in child and adolescent
social and emotional development. Annu Rev Psychol. (2011)
62:189–214. doi: 10.1146/annurev.psych.093008.100412

14. Sawyer AM, Borduin CM, Dopp AR. Long-term effects of prevention and
treatment on youth antisocial behavior: a meta-analysis. Clin Psychol Rev.

(2015) 42:130–44. doi: 10.1016/j.cpr.2015.c06.009
15. Landenberger NA, Lipsey MW. The positive effects of cognitive-behavioral

programs for offenders: a meta-analysis of factors associated with effective
treatment. J Exp Criminol. (2005) 1:451–76. doi: 10.1007/s11292-005-
3541-7

16. Armelius BÅ, Andreassen TH. Cognitive-behavioral treatment for antisocial
behavior in youth in residential treatment.Cochrane Database Syst Rev. (2007)
2007:CD005650. doi: 10.1002/14651858.CD005650.pub2

17. Koehler JA, Lösel FA, Akoensi TD, Humphreys DK. A systematic review
and meta-analysis on the effects of young offender treatment programs
in Europe. J Exp Criminol. (2013) 9:19–43. doi: 10.1007/s11292-012-
9159-7

18. Hoogsteder LM, Stams GJJM, Figge MA, Changoe K, Van Horn JE, Hendriks
J, et al. A meta-analysis of the effectiveness of individually oriented cognitive
behavioral treatment (CBT) for severe aggressive behavior in adolescents.
J Foren Psychiatry Psychol. (2015) 26:22–37. doi: 10.1080/14789949.2014.
971851

19. Bonta J, Andrews DA. Psychology of Criminal Conduct. 6th ed. New York, NY:
Routledge (2017). doi: 10.4324/9781315677187

20. Nordén E. Utvecklingen av sluten ungdomsvård 1999-2014 (in Swedish:

The Development of Closed Institutional Care 1999-2014). Stockholm:
Brottsförebyggande rådet (BRÅ) Swedish National Council of Crime
Prevention (2015).

21. Pettersson T. Recidivism among young males sentenced to prison and
youth custody. J Scand Stud Criminol Crime Prev. (2010) 11:151–
69. doi: 10.1080/14043858.2010.523554

22. Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. New
York, NY: Lawrence Erlbaum Associates (1988).

23. Lardén M. Terapeutmanual för IKBT. (in Swedish: Therapist Manual for

ICBT). Unpublished Manual. Stockholm: Karolinska institutet (2003).
24. Lipsey MW,Wilson DB. Effective interventions for serious juvenile offenders:

a synthesis of research. In: Loeber R, Farrington DP, editors. Serious and

Violent Juvenile Offenders: Risk Factors and Successful Interventions. Thousand
Oaks, CA: Sage publications (1998) p. 313–45.

25. Dowden C, Andrews DA. What works in young offender treatment: a meta-
analysis. Forum Corrections Res. (1999) 11:21–4.

26. Andreassen T. Institutionsbehandling av ungdomar. Vad säger forskningen (in

Swedish: Residential Youth Care: What Does the Research Say?). Stockholm:
Gothia (2003).

27. Andrews DA, Bonta J. Psychology of Criminal Conduct, 2nd ed. Cincinnati,
OH: Anderson Publishing (1998).

28. Lardén M. Från brott till genombrott. Kognitiv beteendeterapi för tonåringar

med psykosociala problem. (in Swedish: From Law-Breaking to Break-Through.

Cognitive Behavior Therapy for Adolescents with Psychosocial Problems).

Stockholm: Gothia (2002).
29. Goldstein AP, Glick B, Gibbs JC. Aggression Replacement Training: A

Comprehensive Intervention for Aggressive Youth. Rev. ed. Champaign, IL:
Research Press (1998).

30. Achenbach TM, Rescorla LA. Manual for the ASEBA School-Age Forms

and Profiles. Burlington, VT: University of Vermont, Research Center for
Children, Youth and Families (2001).

31. Sisteré ML, Domènech Massons JM, Pérez RG, Ascaso LE. Validity of the
DSM-oriented scales of the Child Behavior Checklist and Youth Self-Report.
Psicothema. (2014) 26:364–71. doi: 10.7334/psicothema2013.342

32. Colins OF. Psychometric properties and clinical usefulness of the Youth Self-
Report DSM-oriented scales: a field study among detained male adolescents.
Int J Environ Res Public Health. (2016). 13:932. doi: 10.3390/ijerph13090932

33. Broberg AG, Ekeroth K, Gustafsson PA, Hägglöf B, Ivarsson
T, Larsson B. Self-reported competences and problems among

Frontiers in Psychiatry | www.frontiersin.org 12 August 2021 | Volume 12 | Article 670957

https://www.frontiersin.org/articles/10.3389/fpsyt.2021.670957/full#supplementary-material
https://www.bjs.gov/content/pub/pdf/cv19.pdf
https://www.bjs.gov/content/pub/pdf/cv19.pdf
https://www.aic.gov.au/sites/default/files/2020-05/tandi409.pdf
https://www.aic.gov.au/sites/default/files/2020-05/tandi409.pdf
https://doi.org/10.1016/j.cpr.2015.08.002
https://doi.org/10.1093/qje/qjv003
https://doi.org/10.1016/j.childyouth.2009.05.015
https://doi.org/10.1016/j.childyouth.2012.05.015
https://doi.org/10.1542/peds.2016-2624
https://doi.org/10.1186/s13034-019-0265-4
https://doi.org/10.1146/annurev.psych.093008.100412
https://doi.org/10.1016/j.cpr.2015.06.009
https://doi.org/10.1007/s11292-005-3541-7
https://doi.org/10.1002/14651858.CD005650.pub2
https://doi.org/10.1007/s11292-012-9159-7
https://doi.org/10.1080/14789949.2014.971851
https://doi.org/10.4324/9781315677187
https://doi.org/10.1080/14043858.2010.523554
https://doi.org/10.7334/psicothema2013.342
https://doi.org/10.3390/ijerph13090932
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Lardén et al. Individual CBT and Youth Violent Recidivism

Swedish adolescents: a normative study of the YSR. Eur Child

Adolesc Psychiatry. (2001) 10:186–93. doi: 10.1007/s0078701
70025

34. Brown K, Atkins MS, Osborne ML, Milnamow M. A revised teacher rating
scale for reactive and proactive aggression. J Abnorm Child Psychol. (1996)
24:473–80. doi: 10.1007/BF01441569

35. Barriga AQ, Gibbs JC, Potter GB, Liau AK. Test manual for the How I Think

(HIT) Questionnaire. Champaign, IL: Research Press (2001).
36. Lardén M, Melin L, Holst U, Långström N. Moral judgment,

cognitive distortions and empathy in incarcerated delinquent
and community control adolescents. Psychol Crime Law. (2006)
12:453–62. doi: 10.1080/10683160500036855

37. Gibbs JC, Basinger KS, Fuller D.Moral Maturity: Measuring the Development

of Sociomoral Reflection. Hillsdale, NJ: Lawrence Erlbaum Associates (1992).
38. Palmer EJ, Hollin CR. Social competence and sociomoral

reasoning in young offenders. Appl Cogn Psychol. (1999) 13:79–
87. doi: 10.1002/(SICI)1099-0720(199902)13:1<79::AID-ACP613>3.0.CO;2-Q

39. Palmer EJ, Hollin CR. Sociomoral reasoning, perceptions of parenting and
self-reported delinquency in adolescents. Appl Cogn Psychol. (2001) 15:86–
100. doi: 10.1002/1099-0720(200101/02)15:1<85::AID-ACP691>3.3.CO;2-Y

40. Shrout PE, Fleiss JL. Intraclass correlations: uses in assessing rater
reliability. Psychol Bull. (1979) 86:420–8. doi: 10.1037/0033-2909.86.
2.420

41. Borum R, Bartel P, Forth A. Structured Assessment of Violence Risk in Youth

(SAVRY). (2002). San Diego, CA: University of South Florida.
42. Pullman LE, Leroux EJ, Motayne G, Seto MC. Examining

the developmental trajectories of adolescent sexual offenders.
Child Abuse Negl. (2014) 38:1249–58. doi: 10.1016/j.chiabu.2014.
03.003

43. Seto MC, Lalumière ML. What is so special about male adolescent sexual
offending? A review and test of explanations through meta-analysis. Psychol
Bull. (2010) 136:526–75. doi: 10.1037/a0019700

44. Thompson MP, Brooks Kingree J, Zinzow H, Swartout J. Time-varying
risk factors and sexual aggression perpetration among male college
students. J Adolesc Health. (2015) 57:637–42. doi: 10.1016/j.jadohealth.2015.
08.015

45. Worling JR, Långström N. Assessment of criminal recidivism risk with
adolescents who have offended sexually: a review. Trauma Violence Abuse.

(2003) 4:341–62. doi: 10.1177/1524838003256562
46. Hart SD, Cox DN, Hare RD. Manual for the Hare Psychopathy Checklist-

Revised: Screening version (PCL:SV). Toronto, ON: Multi-Health
Systems. (1995).

47. Hare RD. Manual for the Hare Psychopathy Checklist–Revised. Toronto, ON:
Multi-Health Systems (1991). doi: 10.1037/t01167-000

48. Skeem JL, Polaschek DLL, Patrick CJ, Lilienfeld SO. Psychopathic personality:
bridging the gap between scientific evidence and public policy. Psychol Sci
Public Interest. (2011) 12:95–162. doi: 10.1177/1529100611426706

49. Polaschek DLL, Daly TE. Treatment and psychopathy in forensic settings.
Aggress Violent Behav. (2013) 18:592–603. doi: 10.1016/j.avb.2013.
06.003

50. Thornton LC, Frick PJ, Shulman EP, Ray JV, Steinberg L, Cauffman E. Callous-
unemotional traits and adolescents’ role in group crime. Law Hum Behav.

(2015) 39:368–77. doi: 10.1037/lhb0000124
51. American Psychiatric Association. Diagnostic and Statistical Manual of

Mental Disorders. 5th ed. Washington, DC: American Psychiatric Association
(2013). doi: 10.1176/appi.books.9780890425596

52. Wilson D. Practical Meta-Analysis Effect Size Calculator. (2001).
Available online at: https://campbellcollaboration.org/escalc/html/
EffectSizeCalculator-Home.php (accessed November 5, 2020).

53. Lipsey MW, Wilson DB. Practical Meta-Analysis. Thousand Oaks, CA: Sage
Publications (2001).

54. Neath I. Within-Subject Calculator. (2020). Available online at:
https//:memory.psych.mun.ca/models/stats/effects_size.shtml (accessed
January 5, 2021).

55. Papalia N, Spivak B, Daffern M, Ogloff JRP. A meta-analytic review of the
efficacy of psychological treatments for violent offenders in correctional and

forensic mental health settings. Clin Psychol Sci Pract. (2019) 26:e12282.
doi: 10.1111/cpsp.12282

56. Beaudry G, Rongqin Y, Långström N, Fazel S. Mental disorders
among adolescents in juvenile detention and correctional facilities: an
updated systematic review and metaregression analysis. J Am Acad

Child Adolesc Psychiatry. (2020) 60:46–60. doi: 10.1016/j.jaac.2020.
01.015

57. Kendall PC, Frank HE. Implementing evidence-based treatment
protocols: flexibility within fidelity. Clin Psychol. (2018). 25:
12271. doi: 10.1111/cpsp.12271

58. Helmond PE, Overbeek GJ, Brugman D. An examination of program
integrity and recidivism of a cognitive behavioral program for
incarcerated youth in The Netherlands. Psychol Crime Law. (2015)
21:330–46. doi: 10.1080/1068316X.2014.989164

59. Gibbs JC, Potter GB, Goldstein AP. The EQUIP Program: Teaching Youth to

Think and Act Responsibly Through a Peer-Helping Approach. Champaign, IL:
Research Press (1995).

60. Henggeler SW, Melton GB, Brondino MJ, Shearer DG. Multisystemic therapy
with violent and chronic juvenile offenders and their families: the role of
treatment fidelity in successful dissemination. J Consult Clin Psychol. (1997)
65:821–33. doi: 10.1037/0022-006X.65.5.821

61. Henggeler SW, Sheidow AJ, Lee T. Multisystemic treatment (MST) of serious
clinical problems in youths their families. In: Springer DW, Roberts AR,
editors. Handbook of Forensic Social Work with Victims and Offenders:

Assessment, Treatment, and Research. New York, NY: Springer (2007).
p. 301–22.

62. Sundell K, Hansson K, Löfholm CA, Olsson T, Gustle LH, Kadesjö C. The
transportability of multisystemic therapy to Sweden: short-term results from
a randomized trial of conduct-disordered youths. J Fam Psychol. (2008).
22:550–60. doi: 10.1037/a0012790

63. Olsson TM, Långström N, Skoog T, Andrée Löfholm C, Brolund A, Nykänen
P, et al. Preventing recidivism: systematic review and meta-analysis of non-
institutional psychosocial interventions for juvenile offenders aged. J Consult
Clin Psychol. (2021) 89:514–27.

64. Santa Ana EJ, Martino SA, Nich C, Frankforter TL, Carroll KM. What
is usual about’treatment-as-usual’? Data from two multisite effectiveness
trials. J Subst Abuse Treat. (2008) 35:369–79. doi: 10.1016/j.jsat.2008.
01.003

65. Burns T. End of the road for treatment-as-usual studies.
Br J Psychiatry. (2009) 195:5–6. doi: 10.1192/bjp.bp.108.
062968

66. Andrée Löfholm C, Brännström L, OlssonM, Hansson K. Treatment-as-usual
in effectiveness studies: what is it and does it matter? Int J Soc Welf. (2013)
22:25–34. doi: 10.1111/j.1468-2397.2012.00870.x

67. Vermeulen KM, Jansen, DEMC, Knorth EJ, Buskens E, Reijneveld SA. Cost-
effectiveness of multisystemic therapy versus usual treatment for young
people with antisocial problems. Crim Behav Ment Health. (2017) 27:89–
102. doi: 10.1002/cbm.1988

68. Serin RC, Lloyd CD, Helmus L, Derkzen DM, Luong D. Does intra-
individual change predict offender recidivism? Searching for the Holy
Grail in assessing offender change. Aggress Violent Behav. (2013) 18:32–
53. doi: 10.1016/j.avb.2012.09.002

69. O’Brien K, Daffern M. Treatment gain in violent offenders: the relationship
between proximal outcomes, risk reduction and violent recidivism. Psychiatr
Psychol Law. (2017). 24:244–58. doi: 10.1080/13218719.2016.1209804

70. Yesberg JA, Polaschek DLL. How does offender rehabilitation actually work?
Exploring mechanisms of change in high-risk treated parolees. Int J Offender
Ther Comp Criminol. (2019) 63:2672–92. doi: 10.1177/0306624X19856221

71. Olver ME, Stockdale KC, Wormith JS. A meta-analysis of predictors of
offender treatment attrition and its relationship to recidivism. J Consult Clin
Psychol. (2011) 79:6–21. doi: 10.1037/a0022200

72. McMurran M, Theodosi E. Is treatment non-completion associated with
increased reconviction over no treatment? Psychol Crime Law. (2007) 13:333–
43. doi: 10.1080/10683160601060374

73. Lardén M, Nordén E, Forsman M, Långström N. Effectiveness of Aggression
Replacement Training (ART) in reducing criminal recidivism among

Frontiers in Psychiatry | www.frontiersin.org 13 August 2021 | Volume 12 | Article 670957

https://doi.org/10.1007/s007870170025
https://doi.org/10.1007/BF01441569
https://doi.org/10.1080/10683160500036855
https://doi.org/10.1002/(SICI)1099-0720(199902)13:1<79::AID-ACP613>3.0.CO;2-Q
https://doi.org/10.1002/1099-0720(200101/02)15:1<85::AID-ACP691>3.3.CO;2-Y
https://doi.org/10.1037/0033-2909.86.2.420
https://doi.org/10.1016/j.chiabu.2014.03.003
https://doi.org/10.1037/a0019700
https://doi.org/10.1016/j.jadohealth.2015.08.015
https://doi.org/10.1177/1524838003256562
https://doi.org/10.1037/t01167-000
https://doi.org/10.1177/1529100611426706
https://doi.org/10.1016/j.avb.2013.06.003
https://doi.org/10.1037/lhb0000124
https://doi.org/10.1176/appi.books.9780890425596
https://campbellcollaboration.org/escalc/html/EffectSizeCalculator-Home.php
https://campbellcollaboration.org/escalc/html/EffectSizeCalculator-Home.php
https://doi.org/10.1111/cpsp.12282
https://doi.org/10.1016/j.jaac.2020.01.015
https://doi.org/10.1111/cpsp.12271
https://doi.org/10.1080/1068316X.2014.989164
https://doi.org/10.1037/0022-006X.65.5.821
https://doi.org/10.1037/a0012790
https://doi.org/10.1016/j.jsat.2008.01.003
https://doi.org/10.1192/bjp.bp.108.062968
https://doi.org/10.1111/j.1468-2397.2012.00870.x
https://doi.org/10.1002/cbm.1988
https://doi.org/10.1016/j.avb.2012.09.002
https://doi.org/10.1080/13218719.2016.1209804
https://doi.org/10.1177/0306624X19856221
https://doi.org/10.1037/a0022200
https://doi.org/10.1080/10683160601060374
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Lardén et al. Individual CBT and Youth Violent Recidivism

convicted adult offenders. Crim Behav Ment Health. (2018) 28:476–
91. doi: 10.1002/cbm.2092

74. Carl LC, Schmucker M, Lösel F. Predicting attrition and engagement in the
treatment of young offenders. Int J Offender Ther Comp Criminol. (2020)
64:355–74. doi: 10.1177/0306624X19877593

75. Lipsey MW. The primary factors that characterize effective
interventions with juvenile offenders: a meta-analytic overview.
Vict Offender. (2009) 4:124–47. doi: 10.1080/155648808026
12573

76. Akobeng AK. Understanding type I and type II errors, statistical power
and sample size. Acta Paediatr. (2016) 105:605–9. doi: 10.1111/apa.
13384

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

ML designed the CBT intervention, but has not made economic or other gains
from royalties, training, or consulting regarding the model.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Lardén, Högström and Långström. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Psychiatry | www.frontiersin.org 14 August 2021 | Volume 12 | Article 670957

https://doi.org/10.1002/cbm.2092
https://doi.org/10.1177/0306624X19877593
https://doi.org/10.1080/15564880802612573
https://doi.org/10.1111/apa.13384
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Effectiveness of an Individual Cognitive-Behavioral Intervention for Serious, Young Male Violent Offenders: Randomized Controlled Study With Twenty-Four-Month Follow-Up
	Introduction
	Materials and Methods
	Setting
	Participants
	Sociodemographic Characteristics

	Procedure
	Randomization
	Interventions
	Individual Cognitive Behavior Therapy
	Treatment-As-Usual

	Measures
	Self-Report Questionnaires
	Youth Self-Report
	Reactive and Proactive Aggression Scale
	How I Think
	Sociomoral Reflections Measure—Short Form

	Baseline: Expert Ratings
	The Structured Assessment of Violence Risk in Youth
	Psychopathy Checklist: Screening Version


	Outcome
	Aggressive Behavior
	Register-Based Criminal Reconvictions

	Statistical Analysis
	Power Analysis

	Results
	Baseline Comparisons of iCBT and TAU-Only Participants
	Pre- to Post-treatment Comparisons
	Follow-Up: Aggression at 12 Months
	Follow-Up: Registered Criminal Recidivism at 12 and 24 Months
	Completer Analyses

	Discussion
	Limitations and Strengths
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


