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Abstract
Internalized disorders such as anxiety and depression are among the most common
psychological problems in adolescents. An important risk factor in the development of
these disorders is stress, which can increase the risk of developing emotional
difficulties. This study sought to evaluate the effects of the In vivo program, which is
aimed at developing stress coping skills. A multi-case research design was used with
three girls and three boys aged 13 to 17. Internalized symptoms and program adherence
were measured using questionnaires; stress was measured using a biomarker, salivary
cortisol. The results demonstrate that boys showed a clinically significant improvement
in internalized symptoms, whereas no improvement was observed in girls.
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Introduction
Internalized problems and stress in
adolescence
Internalized disorders such as anxiety
and depression are among the most common
mental health problems among adolescents
(Abela & Hankin, 2008; Barrett & Turner,
2001; Weissman, Antinoro, & Chu, 2009). A
high prevalence of anxiety symptoms in
childhood is estimated to range from 10% to
22%, compared to the prevalence of
depressive symptoms in the same population,
ranging from 2% to 6%. However, the
prevalence of depressive symptoms increases
to 17% at age 18 (Costello, Erkanli, &
Angold, 2006; Muris, Merckelbach, Mayer,
& Prins, 2000). In addition, from puberty to
adulthood, the prevalence of depressive
symptoms is twice as high among girls as
among boys (Angold, Erkanli, Silberg, Eaves,
& Costello, 2002). Regarding anxiety
disorders, the estimate of prevalence varies
according to the type of disorder. If we
include the most common anxiety disorders,
such as generalized anxiety, separation
anxiety, and social phobia, it is estimated that
the prevalence of this diagnostic category is
around 20% in adolescents (Piché,
Cournoyer, Bergeron, Clement, & Smolla,
2017; Woodward & Fergusson, 2001).
Epidemiological data on internalized
disorders indicate that anxiety disorders are
strongly associated with depression. This comorbidity may be present in up to 70% of
cases of youth affected by anxiety and
depressive symptoms (Axelson & Birmaher,
2001; Cournoyer, Bergeron, Piché, &
Berthiaume, 2013). Moreover, young people
suffering from anxiety or depressive
symptoms are similar on many levels. They
are characterized by avoidance, withdrawal,
or aggressive behavior profiles when stress is
high. Indeed, current knowledge on the
mechanisms of the stress system resulting
from cortisol (stress hormone) measurement
provides a better understanding of the
processes underlying the co-occurrence of
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anxiety and depression. Knowledge about
cortisol secretion profiles suggests that the
experience of anxiety and depression
symptoms can be conceptualized as a unified
profile (Miller, Chen, & Zhou, 2007; Van den
Bergh, Van Calster, Pinna Puissant, & Van
Huffel, 2008). On the etiopathological level,
these anxious and depressive symptoms share
related
psychophysiological
processes,
including increased daytime cortisol
secretion and a highly reactive stress system
that operates continuously (Andrews, 1996;
Ehrenreich-May & Bilek, 2012; Krueger &
DeYong, 2016).
In addition, stress is an important risk
factor in the development of internalized
disorders (Hudziak, Rudiger, Neale, Heath, &
Todd, 2000). Moreover, empirical studies
suggest that the pubertal period is stressful for
all young people and is associated with
increased cortisol (Gunnar, Wewerka, Frenn,
Long, & Griggs, 2009; Lupien, King,
Meaney, & McEwen, 2001). This increase in
cortisol is observed for both girls and boys
from both privileged and disadvantaged
backgrounds. In their study, Gunnar and
colleagues (2009) observed higher activity of
the hypothalamic-pituitary-adrenal axis
(HPA; triggers the release of cortisol) in
young people aged 13 to 15 compared to
those under 13 (prepubertal). Moreover,
immaturity of the prefrontal cortex, which
concerns the regulation of emotions and
behaviors, increases the vulnerability of
developing mental health problems during
adolescence (Holzer, Halfonb, & Thouaa,
2011; Paus, Keshavan, & Giedd, 2008).
Therefore, our study focuses on the role of
skills development in coping with stress in the
prevention of anxiety and depression.
Theoretical perspectives
Developmental psychopathology.
Among the theoretical models that suggest
that stress plays a central role in the
development of mental health problems in
young
people,
developmental
psychopathology occupies an important place
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in the scientific field (Cummings, Davies, &
Campbell, 2000; Cicchetti, & Cohen, 2006).
For this reason, this study is based on the
proposal by Grant et al. (2003), which
formulates five assumptions: 1) stress is a
factor that contributes to the development of
mental health problems; 2) moderating
factors related to individual characteristics
may, by attenuating or amplifying, influence
the relationship between stress and mental
health problems; 3) biological, psychological,
and social processes explain the relationship
between stress and mental health problems; 4)
by interacting with stress, individual
characteristics contribute to the development
and maintenance of mental health problems
and the establishment of a unique
developmental trajectory; and 5) there is an
evolving reciprocity of interactions between
risk and protective factors.
The
vulnerability-stress-coping
perspective. The vulnerability-stress-coping
perspective describes the process by which
biopsychosocial vulnerability, in interaction
with stressful situations, can trigger a
symptomatic response vis-a-vis a tolerance
threshold related to resilience capacity (KimCohen & Turkewitz, 2012; Kopelowicz &
Liberman, 2003). This stress tolerance
threshold is influenced by individual
characteristics and the repertoire of coping
strategies and protective factors that an
individual possesses. The higher the tolerance
threshold, the more the individual can
effectively cope with the challenges of
everyday life, which favors better
biopsychosocial adaptation (Kraemer, Stice,
Kazdin, Offord, & Kupfer, 2001). As such,
the stress-coping dimension emphasizes the
role of coping strategies in reducing the
impact of stress on mental health (Leclerc,
Lesage, & Ricard, 1997).
The psychoneuroendrocrinological
perspective of stress. Stress is a
psychoneuroendrocrinological phenomenon
involving the secretion of hormones and
activation of the nervous system, including
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the HPA axis (Lupien, McEwen, Gunnar, &
Heim, 2009). Interpretation of a stressful
situation leads to activation of the HPA axis,
the result of which is the secretion of
hormones
such
as
noradrenaline,
norepinephrine, and cortisol (Trudel,
Chaussegros De Léry, & Puentes-Neuman,
2001). The brain interprets these situations
according to well-known psychological
determinants (decreased feeling of control,
unpredictability, novelty, and threatened ego)
drawn from the work of Mason (1968),
Dickerson and Kemeny (2004), and Kemeny
(2009) on the stress response. When the brain
detects or interprets one of these
determinants, it provokes a hormonal chain
reaction and the activation of adaptive
behaviors that a cognitive restructuring
strategy can regulate. Discoveries in the field
of stress confirm that chronic stress occurs
when the brain interprets everyday situations
as potential threats.
The cognitive-behavioral approach.
In addition to providing a foundation for
clinical therapy, the cognitive behavioral
(CB) approach has led to the establishment of
various prevention and intervention programs
to address the high prevalence rates of
internalized disorders in youth. The CB
approach combines both cognitive strategies,
which aim to modify thought patterns, and
behavioral strategies, which seek to rectify
maladaptive behaviors. Moreover, the
principles of the CB approach explain not
only the theoretical framework of a studied
problem (e.g., anxiety or depression), but also
the mechanisms that underlie the intervention
(Author, XXXX). Three waves have marked
the development of the CB approach. The
first relates to behavioral interventions based
on responsive and functioning conditioning
principles, and social learning (Bandura,
2012). The second wave integrates the
influence of the individual’s cognitive
processes on the development and
maintenance of coping problems and mental
health. Finally, the third wave is based on
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accepting emotions and thoughts rather than
changing them, and on mindfulness (Dionne,
Blais, Boisvert, Beaudry, & Cousineau,
2010).
Recommended interventions
For the psychosocial treatment of
internalized disorders in adolescents,
cognitive-behavioral interventions (CBI) are
recommended (David-Ferdon & Kaslow,
2008; Author, XXXX; Hibbs, 2001;
Silverman & Hinshaw, 2008). Many
evaluative studies of programs that target
anxiety (Barrett & Turner, 2001; Barrett,
Duffy, Dadds, & Rapee, 2001; Briesch,
Hagermoser Sanetti, & Briesch, 2010;
Flannery-Schroeder, & Kendall, 2000;
Kendall et al., 1997; Maggin & Johnson,
2014) and depression (Clarke et al., 2001;
Garvik, Idsoe, & Bru, 2014; Hannon, Rapee,
& Hudson, 2000; Michael & Crowleyb, 2002;
Poirier, Marcotte, & Joly, 2010; Quayle,
Dziurawiec, Robert, Kane, & Ebsworthy,
2001; Rohde, Stice, Shaw, & Gau, 2015)
show variable efficacy among adolescents.
These
programs
introduce
common
therapeutic elements, including relaxation
and breathing techniques, problem solving,
social skills learning, cognitive restructuring,
coping strategies, role playing, and
integration exercises (Kendall et al., 1997;
Flannery-Schroeder & Kendall, 2000; Stark,
Streusand, Krumholz, & Patel, 2012).
CBI program limitations. CBI
programs have limitations that impact their
effectiveness. Indeed, these programs offer
interventions centered almost solely on
acquiring knowledge and information about
anxiety or depression. However, studies by
Barlow et al. suggest that behavioral
activation during training and work on
emotional avoidance can leverage behavior
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change mechanisms (Barlow, Allen, &
Choate, 2004; Barlow et al., 2011). This type
of intervention proposes to identify, during
training situations, the discomfort (physical,
cognitive, or emotional) related to the
situations, to understand them, and to produce
behavior regulated and adapted to these
situations (Shanker, 2012). Also, these
programs target either anxiety or depression,
but rarely both in a unified way. This aspect
is an important limitation to the validity of the
programs, given that these disorders include
more common than distinct symptoms
(Barlow et al., 2011; Philippot, Bouvard,
Baeyens, & Dethier, 2015). Recognized
effective programs that target a single
disorder (e.g., anxiety) are subject to various
criticisms regarding their validity, in
particular, their potential for generalization to
adolescents seen by clinicians who have
complex profiles in which comorbidity is
rather the norm than the exception (Barlow,
Bullis, Comer, & Ametaj, 2013). Finally,
these programs have been evaluated among
child or adult populations, with few studies
among adolescents.
The
intervention
program
proposed for this study. The In vivo
program (Bluteau & Julien, 2015) was
developed in Quebec, Canada, to offer a new
alternative in psychosocial intervention to
prevent and intervene in internalized
problems. Following the vulnerability-stresscoping perspective, the program aims to
develop stress coping skills in adolescents
through stress inoculation training. The
program has been recognized by the
Government of Quebec as an example of
innovation in mental health (Ministère du
Conseil exécutif, 2013).
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Modèle de changement programme In vivo (Chen, 2015)
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Figure 1. In vivo program change model
Program description. The program’s
logic model, presented in Figure 1, was
inspired by the change model proposed by
Chen (2015). The main components of the In
vivo program’s change model are presented.
The program targets adolescents aged 12 to
17 with an internalized problem (anxiety and
depression). Parents, or other significant
adults, who can assist the adolescent in
acquiring the new skills are also included in
the program. Group activities are done in
closed groups of four participants. The
intervention is spread over ten weekly
sessions of two and a half hours. Each session
is structured based on a specific content plan
(see Table 1 included in Supplementary
material). Activities are organized in two
parts. The first part, devoted to presenting the
week’s theme, is organized around the
participants’ workbook; it lasts one hour and
includes the assembly. This instructional part,
based on the CB approach, proposes a series
of methods to facilitate learning and
achievement of the objectives. There are
knowledge integration exercises included in
the participants’ workbook, a deck of cards,
scenarios,
group
problem-solving
discussions, and an objective review of
knowledge and comments to retain.

In the second part, activities are
centered on stress inoculation training,
organized into various modules, including
feedback on the session. Stress inoculation
training (SIT) is a central component of the In
vivo program. SIT is grounded in the
cognitive-behavioral
approach
and
biofeedback techniques using a heart rate
monitor (Kiselica, Baker, Ronald, Thomas, &
Reedy, 1994). During the training,
knowledge learned in the first part of the
session is consolidated. SIT is broken down
into three integrated phases: stress education
(knowledge); education and training in
coping strategies (knowledge and training);
and stressful situations (explicit teaching and
training). To provoke stressful situation, the
activities take place in a gymnasium equipped
with 1) a trampoline; 2) a climbing wall, and
3) a wooden cage maze. In the program, the
equipment is called modules. These modules
are used to induce stress through risk taking,
by triggering psychological mechanisms—
feeling of diminished control, threatened ego,
unpredictability, and novelty (Lupien et al.,
2013). The stressful situations created during
training are therefore likely to provoke
psychophysiological reactions similar to
those created by stressful situations
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experienced in everyday life (e.g., making an
oral presentation, asserting oneself with
peers, resolving interpersonal conflicts).
During training, explicit instruction, guided
practice, and feedback are used to develop
four skills targeted by the program: selfobservation, self-evaluation, self-talk, and
self-reinforcement. As such, SIT, combined
with recognized strategies from the CB
approach, is likely to have an effect on the
ability of youth to cope with their stress while
potentially decreasing their internalized
symptoms.
Study objectives and hypothesis
The aim of the study was to evaluate
the effects of the In vivo program in an
exploratory perspective. More specifically,
the objectives were to examine the changes
effected upon 1) decreasing anxiety and
depressive symptoms, 2) regulating the basal
stress system, and 3) participant adherence of
the program. The hypothesis suggested by the
study was that participation in the In vivo
program would lead to a decrease in anxious
and depressive symptoms and an
improvement in the regulation of the basal
stress system.
Method
A multiple case research design with
baseline (Yin, 2009) and three measurement
times (T1 – pre-intervention, T2 – postintervention, and T3 – three months postintervention) was used to explore the
program’s expected effects.
Participants
Participants were recruited from the
living units of a psychosocial rehabilitation
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center in Quebec through professional
references (educators, psychologists, and
social workers). Participants were chosen for
the study using a two-step selection process.
The first step was based on the adolescents’
file according to the following inclusion
criteria: 1) be 12 to 17 years old; 2) benefit
from the services of the rehabilitation center;
and 3) have a diagnosis, or behavioral profile,
of anxiety or depression. Exclusion criteria
were: 1) high suicide risk; 2) presence of
psychotic symptoms; 3) intellectual or
cognitive limitation; 4) regular drug use; 5)
participation in another stress management
program. The second selection step was to
validate the criteria using a self-reported
measure. To validate their internalized
tendencies, participants completed the
Dominic Interactive for Adolescents
assessment (Valla & Digital Interactive
Multimedia Assessment Tools Inc., 2008).
Youth who had scores of more than one
standard deviation from the average on the
internalized behavior scales and whose
internalized overall score was higher than the
externalized score were retained for the final
selection stage. Finally, the third selection
step was completed using a reasoned
sampling of 13 adolescents. This method is
based on a selection of participants according
to specific criteria and is a method of choice
for multiple case studies (Yin, 2009). Two
criteria were used for selecting three girls and
three boys for the study. Participants (N = 6)
had to complete all sessions of the program
and all evaluation measures. Table 2 presents
the sample characteristics.
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Table 1. Sample characteristics

Participants

Sex

Age

1

M

14,3

2

M

16,6

ADHD/AD

13*

11*

24*

3

M

13,8

ADHD/AD

10*

11*

21*

14,9 (1,5)

11,7 (1,5) *

9,7 (2,3) *

21,3 (2,5) *

20**

14**

36**

17**

13**

30**

M (SD)

Medical Dx

Scores at the
Dominique interactif Interiorised Behaviors
Tendency to
Tendency to
Tendency to
anxiety
depression
interiorisation
12*
7
19*

4

F

16,6

5

F

15,0

6

F

17,2

19**

18**

40**

16,3 (1,1)

18,7 (1,5) **

15 (2,6) **

35,3 (5) **

M (SD)

DP/GAD

Dx : diagnostic ; DP : depression ; AD : anxiety disorder ; GAD : generalised anxiety disorder ; ADHD :
Attention Deficit and Hyperactivity Disorder
* Clinical threshold boundary – possibility of a disorder.
** Clinical threshold – presence of a disorder.

Measures
The study used a socio-demographic
questionnaire, standardized questionnaires,
self-assessment grids, and biomarkers to
collect data in order to meet the objectives.
Socio-demographic
data
questionnaire. In the week preceding the
program, all participants completed a sociodemographic data questionnaire reporting
their gender, age, education level, and general
health status (e.g., drug, tobacco, or alcohol
use, neurological or cardiovascular problems,
mental health, prescriptions).
Dominic Interactive for Adolescents
(DIA). The DIA (Valla & Digital Interactive
Multimedia Assessment Tools Inc., 2008)
identifies major mental health problems in
12- to 16-year-olds by referring to DSM-IVTR diagnostic criteria. It is a selfadministered, computerized, and interactive
assessment that takes approximately 15
minutes to complete. It includes 91 items
divided into 9 subscales, namely Internalized
Disorders (depression, generalized anxiety,
separation anxiety, specific phobias),
Externalized Disorders (hyperactivity or

attention disorder, oppositional or conduct
disorders, drug addiction), and Strengths and
Skills. The test-retest reliability indices
(intra-class correlation coefficients) for the
different scales are 0.81 to 0.89. The internal
coherence indices (ɑ) are 0.59 to 0.80
(Bergeron, et al., 2010; Smolla, Valla,
Bergeron, Berthiaume, & St-Georges, 2004).
The questionnaires were completed by the
adolescents during the selection period in the
presence of a trained worker.
Child Behavior CheckList (CBCL).
The CBCL (YSR/11–18 years; Achenbach,
2001, 2002) is a self-report tool that draws a
behavioral portrait of young people’s
psychopathological problems (anxiety or
depression, or internalized problems). The
questionnaire assesses eight problems:
anxiety-depression, withdrawal-depression,
somatic complaints, social problems, thought
problems, attention problems, rule-breaking
behavior, and aggressive behavior. The
subscale scores are converted into three
overall results: internalized problems,
externalized problems, and total problems.
The instrument includes 112 items. For each
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item, the adolescents are asked if the
mentioned behavior is “Very True or Often
True,” “Somewhat or Sometimes True,” or
“Not True.” Test-retest reliability is excellent
(total scale, ɑ = 0.94; internalized disorders
scale, ɑ = 0.91; externalized disorders, ɑ =
0.92), as is internal coherence (total scale, ɑ =
0.97; internalized disorders, ɑ = 0.90;
externalized disorders, ɑ = 0.94) (GRISE,
2008; Ivanova, Achenbach, Dumenci,
Rescorla, Almqvist, Weintraub et al., 2007).
The questionnaire was completed by the
adolescents at T1, T2, and T3 to assess
changes in internalized symptoms.
Salivary cortisol. To measure
salivary cortisol (a stress biomarker), four
saliva samples per day over two nonconsecutive days were collected during the
week preceding the program. This allowed
obtaining the basal diurnal cortisol profile for
each participant. Subsequently, four saliva
samples were collected over one day at T2
during the week following the end of the
program, and four saliva samples were
collected over one day at T3 three months
after the program. A total of 16 samples per
participant were collected. The samples were
taken at the following times: 1) upon
awakening, 2) 30 minutes after awakening, 3)
at 4 p.m., and 4) at bedtime. To collect the
saliva samples, tubes (Sarstedt ©, reference
number 62.558.201) were given to the
participants with specific instructions.
Participants provided 2 ml of saliva per tube.
All saliva samples were maintained at -20°C
in a freezer at the Centre for Studies on
Human Stress until cortisol analysis. Salivary
cortisol samples were analyzed at the CSHS
laboratory by radioimmunoassay using the
immunoenzymatic kit ELISA (Salimetrics®
State College, PA, reference number 1-3102).
For analysis, the samples were thawed at
room temperature and then centrifuged at
15,000 g (3,000 rpm) for 15 min. The
detection limit of cortisol was between 0.012
and 3 μg/dl. Each sample was analyzed in
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duplicate, and their average value was used.
Salivary cortisol analysis was interpreted
using three markers: 1) free cortisol response
after awakening; 2) area under the curve; and
3) diurnal cortisol secretion curve.
The cortisol awakening response
(CAR) is an indicator that is sensitive to
psychosocial variables and the regulation of
the hypothalamic-pituitary-adrenal axis. In
healthy individuals, free salivary cortisol
levels increase between 50% and 150%
within the first 30 minutes immediately after
awakening (Clow, Thorn, Evans, &
Hucklebridge,
2004).
Intra-individual
temporal stability shows high correlations up
to r = 0.63 (Wust et al., 2000). However, there
is no agreed standard of clinical
(pathological)
threshold
for
cortisol
concentrations. The area under the curve
(AUC) is considered the amount of cortisol
produced during the day between awakening
and going to bed. AUC calculation is a
method used in neuroendocrinology research
using repeated measurements (Pruessner,
Kirschbaum, Meinlschmid, & Hellhammer,
2003). For the population targeted by the
study, the area under the curve and the aspect
of the curve (its slope) can be considered
indicators of the exhaustion or overactivation of the stress system. Depending on
the slope of the curve, we expected to see a
peak on awakening and a significant decrease
throughout the day until bedtime. Figure 2
shows an example of a normal diurnal
salivary cortisol curve (Salimetrics®, 2014).
A curve with a pathological profile
(metabolic overload or depletion [burnout]) is
characterized by no increase of cortisol after
awakening, remains flat, and fails to increase
up until bedtime. A curve with a pathological
profile of an internalized disorder is
characterized by a sharp increase of cortisol
after awakening, remains flat, and fails to
decrease up until bedtime and even during the
night.
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Figure 2. Salivary diurnal cortisol curve
Child’s evaluation inventory (CEI)
adolescent. Participants’ adherence of the
program was measured using a French
adaptation of the CEI questionnaire by
Kazdin, Siegel, & Bass (1992). This selfreport questionnaire was completed by
participants at the end of the program and
included 19 items scored on a 5-point Likert
scale. The items fell into two subscales,
Perception of Progress (11 items, ɑ = 0.95)
and Acceptability (8 items, ɑ = 0.95), as well
as a total Adherence scale (19 items, ɑ =
0.89). An open-ended question at the end of
the questionnaire was used to add comments
related to their participation in the program.
Research protocol
Procedure. The program was carried
out according to the facilitator’s manual;
sessions took place from 2:30 p.m. to 5 p.m.
on Wednesdays over a period of 10 weeks.
Participants were evaluated at three times:
pretest in the week prior to the intervention
(T1); post-test in the week following the
intervention (T2); and three months post-test
(T3). A steering committee was set up to
ensure the smooth running of the study.

Analysis plan. Analysis was based on
indicators of clinical improvement. For
internalized disorders, the clinical thresholds
of the CBCL made it possible to establish
whether there were pathological symptoms.
Salivary cortisol analysis was determined by
the CAR, the diurnal cortisol secretion curve,
and the AUC. Finally, program adherence
was determined using the CEI, which
measures
perception
of
progress,
acceptability, and total adherence. Two types
of analysis were carried out: within-case
analysis, which aims to identify changes in
each participant (Gagnon, 2012), and crosscase analysis, which aims to compare boys
and girls (Yin, 2009).
Results
The results are presented according to
the components of Chen’s model of change
(2015): we first determined proximal effects
and then program adherence.
Effects on proximal variables
Effects on internalized symptoms.
The CBCL was used at times T1, T2, and T3
to collect data on participant’s behavioral
profiles. The data are from the
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Anxiety/Depression scores and the overall
scale for Internalized Disorders, calculated
using the T-score. At T1, one participant was
at the clinical threshold (93rd percentile),
while the other participants were above the
clinical threshold (98th percentile) on the
Anxiety/Depression
and
Internalized
Disorder scales. Boys showed a clinically
significant
improvement
on
the
Anxiety/Depression scale, between T1 (M =
13.2, SD = 3) and T2 (M = 3.7, SD = 1.2), and
on the overall Internalized Disorder scale,
between T1 (M = 67, SD = 6.6) and T2 (M =
52.3, SD = 2.1). This significant improvement
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was maintained at T3 for participants 1 and 3,
with greater clinical improvement for
participant 3. Participant 2 showed a
significant improvement at T2 but a
significant decline at T3. On average, girls
showed a slight decrease for the overall
Internalized Disorder scale, between T1 (M =
79, SD = 4.6) and T2 (M = 76, SD = 9), and
between T1 and T3 (M = 77, SD = 6.3).
However, this decrease is not clinically
significant and no significant improvement
was observed between the measurement
times.

Table 2. Internalized symptom profiles
Participants

Sex

Anxiety/depression
T2
3

T3
5

T1
60*

Interiorisation
T2
50

1

M

T1
10*

2

M

13,5**

5

15**

68**

54

72**

3

M

16**

3

8

73**

53

51

13,2**
(3)

3,7
(1,2)

9,3
(5,1)

67**
(6,6)

52,3
(2,1)

58,7
(11,6)

M
(SD)

T3
53

4

F

14**

15**

16**

75**

76**

72**

5

F

24**

24**

23**

84**

85**

84**

6

F

19**

11**

14**

78**

67**

75**

M
19**
16,7**
17,7**
79**
76**
77**
(SD)
(5)
(6,7)
(4,7)
(4,6)
(9)
(6,3)
The raw score is presented for the Anxiety / Depression scale and the T score for the overall internalization scale.
T: measuring time.
* 93e percentile clinical threshold boundary.
** 98e percentile above the clinical threshold.

Effects on basal stress system
regulation. Salivary cortisol analysis was
interpreted using three markers: CAR, AUC,
and the diurnal cortisol secretion curve.
Table 4 presents the CAR and AUC data.
Figure 3 shows the diurnal cortisol secretion
curve for each participant at each
measurement time. For the boys, participant 1
data suggest an improvement between
measurement times. CAR was very low at T1
(0.87) and increased at T2 (1.71) and T3
(2.54), which is close to the desirable values.

In addition, there was an improvement in
CAR between T1 (-49%) and T3 (-16%)
toward the desired value, with an increase of
more than 50% after awakening. Regarding
the curve, we can observe an improvement in
the slope at T2; however, T3 shows a
significantly rising slope at sample 4.
Participant 2 data suggests improvement.
There is an increase in cortisol secretion
between T1 and T2 for AUC, from 1.43 to
4.37, and CAR increases from 32% to 243%.
At T3, the AUC values return substantially to
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those at T1. There was a significant
improvement in CAR at T3 (122%) and an
improvement in the curve’s slope at T3, with
a peak after awakening and a decline
throughout the day. The last two markers are
relatively accurate. However, the data do not
correspond with those of the CBCL, which
show an increase in internalized symptoms at
T3. Participant 3 data do not suggest any
overall improvement. A deterioration of the
AUC between measurement times, from 2.43
at T1 to 0.81 at T3, can be observed. CAR
shows a sharp increase between T2 and T3,
from -43% to 400%. The low AUC values at
T2 (0.74) and T3 (0.84), associated with flat
curve profiles at T2 and T3, suggest a chronic
stress profile.
For girls, participant 4 shows
deterioration between measurement times for
AUC, which reveals a significant decrease in
cortisol concentrations, from 2.13 at T1 to
0.79 at T3. In addition, CAR declines from
115% at T1 to -87% at T3. The slope of the
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curve at T2 and T3 does not peak at waking;
however, the slope decreases throughout the
day. Participant 5 data suggest improvement
and show AUC stability between
measurement times, as well as CAR
improvement between T1 and T3, from -2%
to 38%. In terms of the slope of the curve,
there is a decrease in slope until bedtime for
T1 and T2, but no peak at waking, while at
T3, the slope peaks at waking with a 37.79%
increase in CAR but increases at bedtime.
Finally, participant 6 data suggest an
improvement in AUC between T1 and T2,
from 8.75 to 4.47, and between T1 and T3
(5.35). This participant has a rather stable
CAR between T1 (45%) and T3 (33%), and a
slight decrease at T2. Data do not indicate
deterioration, but it would have been
desirable to see CAR increase above 50%.
Participant 6 shows an improvement in the
slope between T1 and T2 and between T2 and
T3. This participant improved on all markers.
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Figure 3. Diurnal cortisol curves
*Note that the Figure 3 will also be submit in a PDF file, in its original form
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Table 3. Stress biomarkers

1A

M

Basal stress biomarker data (ug/dl)
Area under the curve
Cortisol awake response (%)
T1
T2
T3
T1
T2
T3
,87
1,71
2,54
-,14 (-49)
-,08 (-18)
-,04 (-16)

A

M

1,43

4,37

1,40

,07 (32)

,29 (243)

,11 (122)

3D

M

2,43

,74

,81

-,01 (-1)

-,02 (-43)

,05 (400)

1,58 (,79)

2,27 (1,88)

1,58 (,88)

Participants

2

Sex

M (SD)
D

F

2,13

1,69

,79

,25 (115)

-,08 (-29)

-,21 (-87)

5A

F

2,35

2,10

2,85

-,01 (-2)

,00 (-1)

,07 (38)

6A

F

8,75

4,47

5,35

,36 (45)

,09 (19)

,12 (33)

4,41 (3,76)

2,75 (1,50)

2,99 (2,28)

4

M (SD)

T : measuring time.
A : amelioration.
D : deterioration.

Program adherence measure
Participants’ adherence of the program was measured using the Kazdin, Seigel, and Bass
CEI (1992), which was completed at the end of the program. The data presented in Table 5 suggest
that adherence by the young people who participated in the program is strong for the Acceptability
and Total Adherence scales. There is a higher average total score on the Acceptability scale (M =
3.9, SD = 0.6) compared to the Perception of Progress scale (M = 3.2, SD = 0.8). On average, boys
have slightly higher adherence compared to girls for all three scales. Participant 3 stands out from
other participants, with strong adherence on all three scales, while participant 2 shows lower
adherence on all three scales. For girls, participant 5 stands out with lower adherence on the
Perception of Progress scale, but compares with the other participants on the Acceptability and
Total Adherence scales. Links are observed between adherence measures and the results obtained
for the Anxiety/Depression scale at T1 and T3 (see Table 3). Change scores were calculated (posttest/pretest) and related to overall adherence scores. There should be a trend showing that the higher
the adherence, the greater the changes made. Pearson correlation analysis shows that there is no
relationship between participant adherence and results obtained on the Anxiety/Depression scale
at T2 (r = 0.455, p = 0.365). However, analysis of the correlation between participant adherence
and the results on the Anxiety/Depression scale at T3 suggest a trend between these variables (r =
0.733, p = 0.097).
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Table 4. Participant acceptance of the intervention
Scales assessed related to acceptance
Mean scores on a 5 points scale (SD)
Participants

Sex

1

M

2,9 (0,8)

4 (0,5)

3,5 (0,7)

2

M

2,4 (0,7)

3,1 (0,4)

2,8 (0,6)

3

M

4,5 (0,6)

4,8 (0,5)

4,7 (0,6)

3,3 (1,1)

4 (0,9)

3,7 (1)

M (SD)

Perception of progress

Acceptability

Total acceptance

4

F

3,6 (0,7)

3,6 (1,1)

3,6 (0,9)

5

F

2,6 (1)

3,8 (1)

3,2 (1)

6

F

3,0 (0,6)

4,0 (0,9)

3,5 (0,8)

3,1 (0,5)
3,2 (0,8)

3,8 (0,2)
3,9 (0,6)

3,4 (0,2)
3,6 (0,6)

M (SD)
Total

Discussion
The objective of the study was to
explore the efficacy of the In vivo program
applied among adolescents with internalized
problems. The study aimed to shed light on the
program’s change model in order to continue
its validation.
Effects on proximal variables
The proposed change model aimed at a
proximal effect on internalized problems and
regulation of the basal stress system. The
results are significant when compared by sex.
The three boys showed a clinically significant
improvement with a decrease in internalized
symptoms. In contrast, no clinical
improvement was observed in girls. It should
be noted that internalized symptoms were
more severe at the beginning (T1) for girls; the
subgroups were therefore not equivalent prior
to the intervention. It is possible that this
difference at T1 was determinant in terms of
the measured effects. This is a limitation of the
research design with respect to group
equivalency. The results, however, are in line
with epidemiological data that show a stronger
trend in the prevalence of internalized
disorders in girls during adolescence
(Cummings, Caporino, & Kendall, 2014;
Meagher, Arnold, Doctoroff, Dobbs, &
Fisher, 2009). It is also recognized that girls
and boys do not respond in the same way to

intervention programs (Lanctôt 2010; Rapee
et al., 2006). Thus, it can be hypothesized that
boys may respond better to a type of program
that has a more active, physical, and risktaking approach, such as the In vivo program.
As such, it seems consistent with the literature
on behavioral behaviors by gender that in
general, boys are more stimulated by risktaking, competitiveness, and action, and that
girls are more disposed to relational empathy
and social support (Else-Quest, Hyde,
Goldsmith, & van Hulle, 2006; Paquette,
2014). The links between sex (or male/female
gender behaviors) and the prevalence of
internalized problems, however, are to be
qualified according to certain differentiations.
Indeed, girls may be more sensitive to
negative life events, depressive cognitive
biases, and the quality of interpersonal
relationships, while boys are more susceptible
to cognitive biases of hostility and aggression
(Nilsen, Gustavson, Røysamb, Kjeldsen, &
Karevold, 2013; Rowe, Maughan, & Eley,
2006). In terms of regulation of the basal stress
system, there was an improvement in
regulation between measurement times as
much for boys as for girls. There was,
however, deterioration for participants 3 and
4. It is difficult to point to links between the
effects of the intervention and cortisol
profiles. Furthermore, in our sample, girls
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secreted more cortisol on average compared to
boys when we observe participants’ area under
the curve. A study by Netherton, Goodyer,
Tamplin, and Herbert (2004) also shows that
girls secrete more cortisol on average
compared to boys. These findings are
consistent with other studies showing that
cortisol secretion after awakening is higher in
girls compared to post-puberty boys.
Program adherence
Adherence to the intervention is
considered high for all participants. Boys
seem to have accepted the program more than
girls, but the differences are small.
Nevertheless, there is a link between high
adherence and decreased internalized
symptoms in boys. Participant 3 stands out
with strong adherence and a sharp decrease in
internalized symptoms. Participant 2 shows
lower adherence for all three scales and less
improvement in internalized symptoms
Limitations of the study
In terms of methodology, a significant
limitation concerns the measurement of
salivary cortisol. The protocol would have
been stronger if the collection of saliva
samples had been spread over two sampling
days at T2 and T3, as for T1, which was the
baseline level. This would have allowed for
greater validity of the measure and, therefore,
may have changed the interpretation of the
results. This methodological choice was
justified by financial constraints. The
contribution of this method cannot be denied
in terms of the development of knowledge on
the psychophysiological mechanisms of
internalized
disorders.
However,
measurement of salivary cortisol remains
laborious, is difficult to interpret, and has no
clinical standards. Nevertheless, while this
measure has limitations, our evaluative study
incorporates a biomarker to determine the
effects of a program, and this aspect deserves
to be emphasized, since this area remains to be
explored. In addition, during the program,
participants learned various coping strategies
and several other strategies such as self-

Page 15 of 21

observation, self-assessment, abdominal
breathing, and so on. Besides the skills
targeted by the program, we observed that
participants had greater self-awareness and
better ability to assert themselves. Such
elements developed during the program are
not measured in the study and therefore should
be measured in future research to better
understand the mechanisms of change (Chen,
2015) of the In vivo program.
Finally, the small sample and the lack
of a comparison group to measure the effects
greatly limited the study’s conclusions.
Nevertheless, the study is relevant considering
the maturity of the program, which is a pilot
and innovative program. It seems relevant to
have used the approach based on Chen’s
(2015) program theory to guide the study,
although it is not possible at this time to
determine whether participation in the In vivo
program actually reduces internalized
problems. The clinical improvement of the
boys and the degree of participant adherence
confirm the relevance and promising effect of
the In vivo program.
Conclusion
This evaluation study of the In vivo program
change model for adolescents with an
internalized problem provides a further step
toward validating a new practice for health
professionals and psychosocial services.
Indeed, it seems that the In vivo program has
gone from being innovative to being
promising, considering that it does not seem to
harm the participants on the whole, and that its
acceptance is relatively strong. Although the
study has limitations inherent to pilot and
exploratory studies, it is a first in the field.
Furthermore, it is among studies that
incorporate stress biomarkers to better
understand their effects on behavior. Finally,
the relevance of this article resides in its
analysis of the change model to better
understand what influences the processes
involved in a program’s success and its ability
to achieve its targets.
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