Molecular Psychiatry

ARTICLE

www.nature.com/mp

W) Check for updates

Mental health trajectories of adolescents treated with
psychotropic medications: insights from the european

milestone study

Marta Magno'°%>', Donato Martella°, Silvia Leone', Giovanni Allibrio?, Angelo Bertani®, Elisa Caselani', Patrizia Conti?,

Samuele Cortese

>6789 Gwen Dieleman'®, Tomislav Franic'!, Suzanne Gerritsen'®, Deborah Maffezzoni', Francesco Margari'?,

Ottaviano Martinelli'®, Fiona McNicholas'*'>'6, Rocco Micciolo'’, Renata Nacinovich'®'®, Diane Purper Ouakil?>?',

Adriana Pastore (9?2, Francesco Rinaldi?3, Paramala Santosh

. . b
24 Paolo Scocco??, Ulrike Schulze?®%’, Swaran Singh®®™,

Antonella Squarcia®®, Paolo Stagi®’, Cathy Street®®, Elena Toffol', Helena Tuomainen??, Larissa S. van Bodegom'?, Stefano Vicari®' and

Giovanni de Girolamo

© The Author(s) 2025

. on behalf the MILESTONE Consortium*

The transition from Child and Adolescent (CAMHS) to Adult Mental Health Services (AMHS) can be challenging. Drawing on the
sample of the European MILESTONE project, we explored changes in clinical profiles and treatment outcomes in adolescents
transitioning to AMHS over two years, focusing on different pharmacological treatment patterns. The sample (N = 690; mean age:
17.7 years; SD = 0.29) was categorised into three groups based on medication patterns: continuous (Group 1), intermittent (Group 2),
and never medicated (Group 3). Participants underwent four evaluations over two years using tools measuring psychopathology and
functioning, including the Health of the Nation Outcome Scale for Child and Adolescents (HONOSCA) and ASEBA Battery. We
employed repeated-measures models to analyse clinical rating changes and a two-way mixed ANOVA to assess interaction
between time and groups. Group 3 had significantly lower mean HoNOSCA ratings than Groups 1 and 2 (p < 0.001), indicating
better mental health. By the last time point (T4), the factors associated with a reduced risk of severe illness included an
improvement in the risk of suicide attempts (p = 0.038), enhanced everyday functional skills (p = 0.008), higher quality of life
(p=0.001), and being male (p = 0.020). The ASEBA Battery showed Group 1 had more internalising symptoms, while Group 2 had
more externalising symptoms than Group 3. During the transition from CAMHS to AMHS, continuous medication was associated
with higher symptom severity than intermittent or no pharmacological treatment. This may reflect either a more severe initial
symptomatology requiring sustained pharmacotherapy or a medication-related paradox, whereby symptoms persist or intensify

owing to treatment resistance or side effects.
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BACKGROUND

Adolescence is a period of increased susceptibility to mental
health challenges owing to significant physical, emotional, and
social changes [1]. Hormonal fluctuations, ongoing brain matura-
tion [2], and external stressors such as academic demands and the
search for social identity influence this vulnerability [3, 4]. In
addition, individual traits, family dynamics, and social interactions
can affect the mental well-being of young people. Factors such as
low self-esteem, challenging family circumstances, and peer
victimisation may lead to depression, anxiety, and behavioural
problems [5]. A meta-analysis showed a rising prevalence of
mental disorders among young people in Europe; almost one in
five young people in Europe was found to suffer from mental
disorders, with a pooled prevalence rate of 15.5% in 14 European
countries [6]. Other epidemiological investigations have indicated

that approximately 14% of individuals aged 10-19 experience such
conditions during this phase of life [7-10], which can significantly
affect functioning in later life [11]. Although the median age of
onset for many disorders in males and females is similar, there are
significant sex differences in the lifetime prevalence of mental
disorders [12]. Anxiety and major depressive disorders are more
commonly experienced in female population, while impulse
control and substance use disorders are more prevalent in male
population. [13].

In recent decades there has been a corresponding global increase
in the prescription of psychotropic medications for children and
adolescents [14], but changes in physical development during
childhood and adolescence may contribute to suboptimal treat-
ment effectiveness and tolerability in young individuals. This may
lead to unexpected outcomes in the young population [15]. For
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young people facing transition from Child and Adolescent Mental
Health Services (CAMHS) to Adult Mental Health Services (AMHS),
ensuring seamless continuity of care and pharmacological treat-
ment for those in need is important but can be challenging. This
phase occurs during a vulnerable period and is compounded by
existing mental health challenges [16, 17]. Adolescents taking
psychotropic medications may require treatment adjustments
during this transition, whereas those not taking such medications
tend to have higher dropout rates [18]. Close collaboration between
CAMHS and AMHS professionals is essential to ensure continuity of
care and address changing medication needs and/or potential side
effects. Ineffective transition management can lead to care
disruptions, treatment gaps, and an increased risk of relapse or
mental health deterioration.

To explore and address the treatment gaps that occur during
transition, we conducted a cluster randomised controlled trial
(cRCT) of Managed Transition with a parallel longitudinal cohort
study (together called the “MILESTONE study”) as part of the wider
the MILESTONE project (2014-2019) [19]. The aim of the project
was to improve the understanding and strengthen transitional
care processes from CAMHS to AMHS across European healthcare
systems. This study was a secondary analysis of the longitudinal
MILESTONE study data which aimed to explore clinical profile
changes in adolescents transitioning from CAMHS to AMHS over a
two-year follow-up. The aim of this study was to examine mental
health trajectories and treatment outcomes in young people with
different medication regimes. We achieved this by examining how
sociodemographic factors interact with psychopathological sever-
ity beyond single diagnostic categories and using a comprehen-
sive evaluation method integrating patient self-reports and
clinician-rated reports.

METHOD

Study design and participants

The MILESTONE study was designed to investigate service utilisation,
mental health, and additional outcomes during a 2-year monitoring period
among a group of 1004 young individuals aged 17-19 who have reached
the upper age limit of their CAMHS across eight European countries.

Previous studies have described their study design and recruitment
procedures in detail [19]. In the present study, we focused on analysing
data from all participants (N = 1004). Participants who did not report any
information regarding psychopharmacological treatment were excluded
from this study (Fig. 15): finally, data from 690 individuals, including both
males and females, were analysed. Participants were eligible if they met
the following criteria: (i) they were CAMHS users and were within one year
of the upper age limit (almost 18 years old), or were up to three months
older (mean = 17.68; SD = 0.29) if they were still under CAMHS care during
the study period; (ii) they had a documented psychiatric diagnosis or
regularly attended CAMHS; (iii) they had an 1Q of more than 70 or showed
no evidence of intellectual impairment, as determined by clinician
assessment or previous diagnosis, and (iv) were able to complete all
required assessments. The sample size was estimated for three groups
assessed at four time points over a 24-month period. This estimation
focused on the change from baseline to 24 months across three clinical
scales: HONOSCA, ASEBA Internalizing, and ASEBA Externalizing, which
were identified as the primary outcomes.

Assuming a within-subject correlation of approximately 0.6, with
baseline standard deviations ranging from 8-10 points and a small to
moderate group effect (Cohen’s f=0.12), the required sample size was
calculated using an ANOVA framework based on change scores. The goal
was to achieve 80% power with a significance level of a =0.05.

After applying Bonferroni correction for the three endpoints and
accounting for an anticipated 20% attrition rate, the final required sample
size was approximately 153 participants per group.

Measures, procedures, and variables

Participants took part in four assessments over a 24-month follow-up
period: 3 months before transitioning from CAMHS to AHMS (T1), 9 months
after T1 (T2), 15 months after T1 (T3), and 24 months after T1 (T4). At T1, all
patients received CAMHS treatment. Following obteined informed consent,
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participants and parents took part in a baseline assessment (T1) in CAMHS
approximately six months before reaching the upper age limit. Trained
researchers gathered sociodemographic data and assessed care needs via
interviews conducted at CAMHS, at home, or by telephone, accommodat-
ing the participants’ preferences. Sociodemographic information was
sourced from clinicians, parents, medical files, and online questionnaires
were accessed via HealthTracker™ (https://www.healthtracker.co.uk).

The assessment battery administered included (see Table 2S): (1)
HoNOSCA (Range 0-52) [20, 21], used to assess the need for care based on
a wide range of problems (behaviour, impairment, symptoms, and social
functioning); it was filled through semi-structured interviews with the
young person, and (where possible) with parent/caregiver and the relevant
clinician (or review of medical records if the relevant clinician was
unavailable); (2) ASEBA battery [22, 23], including Youth Self Report (YSR)
or Adult Self Report (ASR), and the parent/caregiver-reported Child
Behaviour Checklist (CBCL) or Adult Behaviour Checklist (ABCL) to assess
dimensions of emotional and behavioural problems; (3) Specific Levels of
Functioning Scale (SLOF) (Range 43-125) [24, 25], a parent-reported
measure used to assess levels of functioning of the young person from the
parent/caregiver’s perspective (4) Life events questionnaire (Range 0-13),
an ad hoc tool specifically developed within the MILESTONE project,
administered to patients and used to assess significant life events, such as
accidents, deaths in the family, separation and job loss of the parent/
caregiver; (5) World Health Organization Quality of Life Brief (WHOQOL-
Bref) (Range 0-100) [26], administered to patients to assess quality of life
and covering physical and psychological health, social relationships, and
the current environment of the young patients; (6) Bullying, adapted from
Retrospective Bullying and Friendship Interview Schedule, a patient-
completed questionnaire used to assess the experiences with bullying in
different settings (e.g., at school, home, and college) [27]; (7) Clinical Global
Impression - Severity scale (CGI-S) (Range 1-7) rated by the clinician and
used to assess the severity of the patient’s illness at the time of assessment
[28]. Information regarding psychopharmacological treatment were
collected using from the clinician, from clinical documentation and
directly from patients using a form created ad hoc: whenever there was
a disagreement between these three sources of information, we retained
the information provided by the clinician.

To assess the link between psychotropic prescriptions and patients’
clinical course, we categorised our sample into three groups: (i)
‘continuous medication,’ comprising patients prescribed at least one
psychotropic medication across all four time points; (ii) ‘intermittent
medication,’ including patients prescribed at least one psychotropic
medication at any time points; and (iii) ‘never medicated,’ consisting of
patients never prescribed psychotropic medications throughout the four
time points.

Statistical analysis

Continuous variables were compared between the three psychotropic
medication groups using t-tests, while categorical variables were assessed
using the x° test. As mentioned previously, we selected patients from the
entire sample (N=1004) with available psychotropic medication data
(including those who declared that they weren't receiving medications) at
all four time points (N = 690). See Table 1S for the characteristics of the
excluded sample. To address missing clinical scores (HONOSCA and
ASEBA), we used multiple imputations [29] across all four time points to
identify temporal patterns before fitting the mixed models. We used
logistic regression analysis with a binomial family at the final time point to
assess the association between sociodemographic variables and the
clinical course/outcomes across the three psychotropic medication groups.
The CGI-S, which assesses the severity of symptoms, dichotomised patients
into no/mild severity (0-1-2-3) and moderate/severe severity (4-5-6-7)
groups. Patients who had experienced bullying at least once were
classified as victims; if they have experienced both, bullying and being a
victim, they were labelled as bullies. General health and social functioning
over the four time points were evaluated using HONOSCA total ratings,
while emotional and behavioural problems were assessed using ASEBA
battery ratings from patients and parents. First, we employed repeated-
measures models with to assess the interaction effect between time and
psychotropic medication groups, accounting for the random effects of
each subject and of each country. Finally, we conducted a two-way ANOVA
to explore the interaction between time point and the type of assessment.
Analyses were conducted using R software version 4.3.2 with a significance
threshold of 0.05. The code used for the analyses is available from the
corresponding author upon reasonable request.
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RESULTS

Sociodemographic and clinical characteristics of participants
Table 1 shows the sociodemographic characteristics of the 690
adolescent patients from the 9 centres in eight European
countries. The sample had a mean age of 17.7 years (SD = 0.29),
with over 80.0% Caucasians and 64.1% women. In terms of
household composition, 55.9% of adolescents lived with their
biological parents, 7.5% lived with a single parent, and only 33.3%
had other living arrangements (including foster care or residential
facilities). Almost 70% of the participants did not attend school or
university at the time of recruitment, whereas 5.8% were currently
enrolled in school.

Sociodemographic and clinical associations among the three
psychotropic medication groups

Table 2 shows the clinical characteristics of the patients. Across all
three groups, most participants were rated as “borderline/mildly/
moderately ill” on the CGI-S (58.1% in Group 1, 58.9% in Group 2,
and 62.5% in Group 3), with a smaller proportion rated as “not at
all ill” (8.1% in Group 1, 5.9% in Group 2, and 14.5% in Group 3).
There was significant difference between the groups (p =0.018).
Group 3 had a significantly lower mean HoNOSCA score (9.3) than
Groups 1 (13.9) and 2 (12.8) (p <0.001), indicating better mental
health. Group 3 also had a lower percentage (17.0%) of
participants with a lifetime history of suicide attempts than
Groups 1 (30.1%) and 2 (29.6%). Significant differences (p < 0.001)
were observed between these groups in the proportion of
participants with one or more suicide attempts. Concerning
non-accidental self-injury (HONOSCA domain), most participants
across all three groups had “no problem of this kind” (67.2% in
Group 1, 66.8% in Group 2, and 81.5% in Group 3). The groups
differed significantly in the proportion of participants with varying
degrees of self-injury and suicidal intent (p < 0.001).

There were significant differences in the overall quality of life
scores rated with the WHOQOL-BREF (p < 0.001) among the three
groups (79.2 for Group1, 77.9 for Group2, and 80.2 for Group3).
Significant differences were found among the three groups in any
functional skill domain or total SLOF score (p < 0.001), and the same
applies to the mean number of life events among the three groups
(183.5 for Group1, 188.8 for Group2, and 192.5 for Group3). The
proportion of participants involved in bullying incidents differed
significantly between the three medication groups (p < 0.001). In
summary, Group 3 generally showed better mental health out-
comes, with lower psychopathology severity, fewer suicide
attempts, and better social quality of life than Groups 1 and 2.

Table 3 presents the distribution of psychotropic prescriptions
at baseline and T4, distinguishing between continuously medi-
cated patients and intermittently medicated patients. Most
continuously medicated patients received only one medication.
Antidepressants were the most common, prescribed to 63.9% of
patients at T1 and 58.1% at T4. Second-generation antipsychotics
were used by 31.7% at T1 and 32.3% at T4, while benzodiazepine
use dropped from 9.1% at baseline to 43% at T4. Among
intermittently medicated patients, the proportion using each drug
class was significantly lower than in continuously medicated
individuals. For instance, antidepressant prescriptions fell from
35.9% at T1 to 11.8% at T4, and second-generation antipsychotics
dropped from 15.5%-3.6%. The average number of psychotropic
medications per patient in this group also decreased from 0.9 at
T1 to 0.4 at T4. In the intermittent group, 133 patients (43.7%)
received medication at one time point, with 75 patients (24.7%)
treated only at T1. Additionally, 89 patients (29.3%) were treated
at two timepoints, while 82 patients (27.0%) received treatment at
three time points during the observation period.

Figures S5 and S6 illustrate the number of medications
administered at each time point for the continuously and
intermittently medicated groups, respectively. The distribution of
the number of medications prescribed at each time point,
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Table 1. Sociodemographic characteristics of young people in the
milestone cohort assessed at baseline (T1, N =690).

N (%) or mean (SD)

Gender

Female 442 (64.1%)
Male 248 (35.9%)
Age 17.68 (0.29)
Ethnicity

Caucasian 552 (80.0%)
Other ethnic groups 55 (7.9%)
Missing 83 (12.1%)
Country

Belgium 79 (11.5%)
Croatia 43 (6.2%)
France 59 (8.6%)
Germany 57 (8.3%)
Ireland 21 (3.0%)
Italy 171 (24.8%)
Netherlands 117 (16.9%)
UK London 37 (5.4%)
UK West Mids 93 (13.5%)
Missing 13 (1.8%)
Living situation

With biological parents 386 (55.9%)
With one biological parent 52 (7.5%)
Adoptive/foster parent(s) or other living 230 (33.3%)
arrangements

Missing 22 (3.3%)
Current education

Secondary/vocational 12 (1.7%)
Higher (under/postgraduate) 28 (4.1%)
No current school attendance 495 (71.7%)
Other 26 (3.8%)
Missing 129 (18.7%)

including counts and percentages for both groups, is detailed in
Table 5S. Table 6S shows the patterns of medication prescriptions
for each class considered at each time point.

The logistic regression model shows that several factors were
associated with the risk of severe disorder assessed at the last time
point (T4). An improvement in the risk of suicide attempts
(p =0.038), higher everyday functional skills (p =0.008), higher
quality of life (p=0.001) and being male (p=0.020) were
associated to a reduced risk of severe illness. In addition,
continuous medication status (0.051) was marginally associated
with a higher risk of severe illness, suggesting that those on
continuous medication may face a higher risk. The effects of being
a victim of bullying were not found to be statistically significant.

Course and outcomes of adolescents rated with HoONOSCA

Figure 1 displays the patient- and clinician-rated HONOSCA ratings
across the three medication profiles (e.g., continuous medication,
intermittent medication, and never medicated). This analysis revealed
associations between patient and clinician assessments across
various medication regimens over time. However, there were
notable differences in rating magnitudes. In both self-administered
and clinician-reported assessments, never-medicated patients
showed significantly different ratings compared to patients in the
continuous medication group. For the self-administered reports,
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Table 2.
medication grouP (T1, N = 690).

Group 1* (N = 186) Group 2* (N =304) Group 3* (N =200) p-value**
SEVERITY OF MENTAL HEALTH PROBLEMS
Clinician rated severity of psychopathology (CGI-S)
Not at all ill 5 (8.1%) 18 (5.9%) 29 (14.5%) 0.018
Borderline/mildly/moderately ill 108 (58.1%) 179 (58.9%) 125 (62.5%)
Markedly ill or more severe 8 (20.4%) 65 (21.4%) 31 (15.5%)
Missing 5 (13.4%) 42 (13.8%) 15 (7.5%)
Mental health (HoONOSCA; range 0-52) 13.9 (9.6) 12.8 (8.6) 9.3 (7.0) <0.001
Lifetime suicide attempt
Yes 56 (30.1%) 90 (29.6%) 34 (17.0%) <0.001
No 116 (62.4%) 193 (63.5%) 161 (80.5%)
Missing 14 (7.5%) 21 (6.9%) 5 (2.5%)
Non-accidental self-injury (HONOSCA domain)
No problem of this kind 125 (67.2%) 203 (66.8%) 163 (81.5%) <0.001
Occasional thoughts about death, or of self-harm not leading 1 (11.3%) 25 (8.2%) 15 (7.5%)
to injury. No self-harm or suicidal thoughts.
Non-hazardous self-harm whether or not associated with 9 (4.8%) 20 (6.6%) 12 (6.0%)
suicidal thoughts
Moderately severe suicidal intent or moderate non-hazardous 16 (8.6%) 28 (9.2%) 7 (3.5%)
self-harm
Serious suicidal attempt or serious deliberate self-injury 12 (6.5%) 17 (5.6%) 3 (1.5%)
Missing 3 (1.6%) 11 (3.6%) 0 (0.0%)
Quality of life (WHOQOL-BREF; range 4-20)
Psychological 17.2 (3.9) 17.3 (3.7) 18.6 (3.3) <0.001
Physical 20.8 (3.7) 20.7 (3.8) 20.9 (3.0 0.048
Social 10.4 (2.5) 10.1 (2.3) 10.6 (2.4) 0.007
Environmental 30.8 (5.1) 29.7 (5.4) 30.1 (4.7) <0.001
Total 79.2 (12.1) 77.9 (12.1) 80.2 (10.5) <0.001
Everyday functional skills (SLOF)
Physical functioning 24.1 (1.6) 24.2 (1.6) 24.1 (1.5) 0.023
Personal care skills 33.1 (2.6) 33.5 (2.4) 33.7 (2.7) <0.001
Interpersonal relationships 24.6 (6.8) 25.8 (6.2) 27.5 (6.6) <0.001
Social acceptability 30.7 (3.9) 31.1 (3.6) 32.3 (3.1) <0.001
Activities 48.3 (7.8) 499 (5.7) 50.7 (5.7) <0.001
Work skills 22.8 (6.3) 23.9 (5.3) 24.1 (6.0) <0.001
Total 183.5 (21.7) 188.8 (17.7) 192.5 (17.5) <0.001
Life events (range 0-13) 1.7 (1.7) 2.1 (1.7) 1.8 (1.6) <0.001
Bullying
Victim 72 (38.7%) 110 (36.2%) 88 (44.0%) <0.001
Bully/victim 70 (37.6%) 119 (39.1%) 66 (33.0%)
Bully 4 (2.2%) 13 (4.3%) 5 (2.5%)
Non-involved 37 (19.9%) 52 (17.1%) 37 (18.5%)
Missing 3 (1.6%) 10 (3.3%) 4 (2.0%)

* Group 1 = Continuous Medication, Group 2=
** P-values in bold are statistically significant.

Mean (SD) or N (%)

Intermittent Medication, Group 3 = Never Medicated.

Severity of mental health problems, impairment and functioning and experiences of the milestone cohort assessed at baseline by

differences were particularly evident at T3 (p=0.001) and T4
(p < 0.001). Similarly, for the clinician reports, significant differences
were observed at T3 (p=0.001) and T4 (p <0.001). Additionally,
investigators rate symptom severity were higher than patients’ self-
assessments. However, the difference between the self- and
clinician-assessed ratings varied significantly across the three
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psychotropic medication profiles (p < 0.001; for further information,
see Fig. S2 in the Supplementary Material).

Course and outcomes of adolescents rated with ASEBA Battery

Figure 2 shows the analysis of the internalising and externalising
domains based on medication status, comparing self-reported
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Table 3.

TIME POINT 1

First-Generation
Antipsychotic

Second-Generation

Antipsychotic**

Mood Stabilizers
Antidepressants
Benzodiazepines
Stimulants

Mean N of Drugs for

Each Patient (SD)
TIME POINT 4

First-Generation
Antipsychotic

Second-Generation

Antipsychotic**
Mood Stabilizers
Antidepressants
Benzodiazepines
Stimulants

Mean N Of Drugs for

Each Patient (SD)

N of patients receiving any
drugs from each class among
medicated patients (N = 186)
(%)

8 (4.3%)
59 (31.7%)

19 (10.2%)
119 (63.9%)
17 (9.1%)
60 (32.3%)

1.5 (0.8)

12 (6.5%)
60 (32.3%)

20 (10.8%)
108 (58.1%)
8 (4.3%)
60 (32.3%)

1.5 (0.8)

Pattern of prescriptions in the whole sample at t1 and t4 (n = 690)*.

N of patients receiving any drugs

from each class among
intermittent medicated patients

(N=304) (%)

8 (2.6%)

47 (15.5%)

7 (2.3%)
109 (35.9%)
30 (9.9%)
44 (14.5%)

0.9 (0.8)

2 (0.7%)

11 (3.6%)

8 (2.6%)
36 (11.8%)
16 (5.3%)
10 (3.3%)
0.4 (0.7)

Mean N of drugs
from each class
(SD) in the whole
sample

2.0 (0.9)
1.8 (0.8)

1.5 (0.7)
1.5 (0.7)
1.5 (0.9)
1.3 (0.6)

1.8 (1.0)
1.5 (0.7)

1.8 (0.8)
1.4 (0.8)
1.6 (0.7)
1.5 (0.6)

N of drugs
range in the
whole sample

1-3

1-3
1-5
1-3
1-3

*The patients listed in specific psychotropic medication categories at baseline (T1) may not be the same patients taking the corresponding prescriptions at

follow-up (T4).

** Patients receiving clozapine have been included in this row (at T1 and T4).

Continuous Medication Intermittent Medication
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INTERNALIZING FACTORS ANALYSIS
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(ASR and YSR scores) with parental reports (CBCL and ABCL
scores). Regarding internalising factors, there was a distinct trend:
patients who never had never been medicated exhibited the
lowest ratings, suggesting fewer internalising symptoms, followed
by those with an intermittent medication status. Patients taking
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Observer-Report CBCL+ABCL (Mean, 95% ClI)
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Time Point

Internalising and externalising domains: self-report (asr + ysr) vs. parent-report (cbcl + abcl) ratings by medication status.

continuous medication had the highest ratings, indicating more
internalising symptoms. This pattern revealed a significant
association between medication status and internalising domains,
with statistically significant changes across the three medication
profiles and over the four time points (p < 0.001) for both patient
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and parent ratings. In both self- and parent-reported assessments,
never-medicated patients showed significantly different ratings
compared to patients in the continuous medication group. For
self-reports, significant differences were observed at T1
(p =0.002), T2 (p =0.001), T3 (p =0.016), and T4 (p <0.001). For
parent reports, significant differences were found at T1 (p < 0.001),
T2 (p<0.001), T3 (p<0.001), and T4 (p <0.001). However, the
difference between self- and parent-assessed ratings did vary
significantly across the three psychotropic medication profiles
(p =0.007; for further information, see Fig. S3 in Supplementary
Material).

For the externalising domain based on medication status, the
data show a clear trend: patients who had never been medicated
displayed the lowest scores, indicating fewer externalising
symptoms. Those with intermittent medication status had
moderately higher scores, and those on continuous medication
exhibited the highest scores, suggesting more reported externa-
lising symptomes. This trend underscores that medication status is
significantly associated with externalising factors, as measured by
both self-report (ASR and YSR) and parent-report (CBCL and ABCL)
assessments. Notably, while statistically significant changes across
the three medication profiles and the four time points were
observed in both self-report (p=0.027) and parent-report
assessments (p <0.001), the pattern and magnitude of these
changes differed, highlighting a discrepancy in the perception of
externalising behaviours between adolescents and their care-
givers. According to the parents’ ratings, never-medicated patients
showed significantly different ratings compared to patients in the
continuous medication group, especially at T1 and T4 (p = 0.034
vs p=0.019, and p =0.002 vs p =0.135, respectively). Addition-
ally, the difference between the self-assessed and parent-assessed
ratings varied significantly across the medication regimens
(p = 0.038; for further information, see Fig. S4 in the Supplemen-
tary Material).

Correlation between self-reported and observer-reported
assessments

Table 3S presents the correlation coefficients between the self-
and observer-reported assessments across various time points.
When patients and clinicians were compared using the HONOSCA
Total Rating, the overall correlation coefficient was 0.589,
indicating a moderate level of association. The correlations at
each time point were consistent, ranging from 0.508 at T1 to 0.626
at T4. Regarding internalising factors, the correlation between self-
reports (ASR+YSR) and parental reports (CBCL+ ABCL) was
moderate, with an overall correlation coefficient of 0.605.
However, there was an increasing trend in the association over
time, starting at 0.576 at T1 to 0.635 at T4. For externalising
factors, the correlation between self-reports and parental reports
was moderate overall (0.545); however, the association decreased
over time, with correlations ranging from 0.563 at T1 to 0.511 at
T4. All correlation coefficients were statistically significant
(p<0.001), indicating robust relationships between self- and
observer-reported assessments across all measures and time
points [30].

DISCUSSION

As part of the broader MILESTONE project, this study offers a
nuanced exploration of clinical trajectories and outcomes among
adolescents, aged 17-19, with mental disorders undergoing
various medication regimens over two years. Using the wealth
of MILESTONE study data and by categorising adolescents into
continuous, intermittent, and never medicated groups, we created
a comprehensive framework for analysing the association
between medication patterns and clinical outcomes. Our results
suggest a complex relationship between medication regimens
and changes in mental health symptoms, as measured by
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assessment tools such as the HoNOSCA, YSR, ASR, CBCL, and
ABCL. Continuous medication was associated with higher
symptom severity scores than intermittent or no medication,
possibly reflecting either a more severe initial symptomatology
requiring sustained pharmacological treatment or a medication-
related paradox, where symptoms persist or intensify despite
ongoing treatment due to issues such as treatment resistance or
side effects [31].

While the existing literature provides valuable insights into the
prevalence and correlates of psychotropic medication use among
adolescents with mental disorders, several notable gaps remain.
The studies conducted by Olfson et al. [32], Altuwairqi et al. [33],
Goodwin et al. [34], and Brown et al. [35] have contributed to our
understanding of medication prescribing patterns, prevalence
trends, sociodemographic characteristics, and their associations
with adverse outcomes. However, these studies primarily offer
cross-sectional snapshots or systematic reviews and often lack
longitudinal perspectives and detailed assessments of clinical
profiles. In Italy, Clavenna et al. [36] conducted an epidemiological
study to estimate the treatment coverage for mental disorders in
paediatric patients. In this survey involving 59,987 young people
in the Lombardy Region, 37.1% had attended CAMHS at least
once, 2.2% had been hospitalised, and 1.7% had received at least
one prescription for psychotropic drugs. Among all users, 23.1%
had disorders requiring a high level of care, such as recurrent drug
prescriptions and inpatient treatments.

Discrepancies between patient and clinician assessments,
particularly instances in which patients reported greater symptom
decreases than clinicians, highlight the subjective nature of
symptom changes and may indicate clinicians’ cautious perspec-
tives or possible underestimation of patient-reported improve-
ments. Recognising these differences in clinical practice is
essential to enhance communication and treatment planning
[37-39]. Our findings emphasise the importance of considering
psychosocial dimensions in mental health trajectories. Adoles-
cents with mental health conditions navigate through complex
social environments that can exacerbate or alleviate their
symptoms. Factors such as family dynamics, bullying experiences,
and major life events play critical roles and were considered in this
study. For example, the prevalence of bullying and its correlation
with worse mental health outcomes underscores the need for
robust support systems in educational and community settings to
mitigate these impacts [40, 41].

Service transitions and treatment continuity

The transition from CAMHS to AMHS emerged as a critical period,
laden with potential disruptions in care continuity. Adolescents
undergoing this transition are particularly vulnerable and often
experience significant shifts in their support systems and care
protocols. Our data reflect this transitional turbulence, with some
participants showing unexpected spikes in symptom severity
scores at the final assessment points. This phenomenon may be
attributed to the challenges of adjusting to new care settings,
differences in treatment approaches between paediatric and adult
services, or gaps in service provision [42-44].

Limitations

The MILESTONE cohort study had several limitations. The most
important limitation was the potential selection bias, as CAMHS
were affiliated with the MILESTONE consortium and were not
randomly selected. The missing data analysis showed a potential
bias, with more missing parental information in young people
with severe diagnosis. A common limitation of studies on
medication prescriptions is the lack of adherence data: we
gathered details on prescribed medications, recipients, and timing
but could not confirm if patients took the medications as
prescribed. This does not affect the never medicated group;
however, for the intermittently and continuously medicated
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groups, adherence cannot be verified. Despite this, the distinct
clinical profiles and changes observed over time suggest that
most patients were likely to adhere to their treatment plans.

CONCLUSIONS

This study examined the association of different medication
regimens with the clinical trajectories of adolescents with mental
disorders. Through a better understanding of treatment adher-
ence, symptomatology, and critical transition periods, we can
develop more effective approaches to support young people
facing psychological problems. Longitudinal studies of adoles-
cents undergoing pharmacological treatment face challenges,
including ethical considerations and distinguishing treatment
effects from natural development. An accurate diagnosis is crucial
because the symptoms overlap with typical adolescent beha-
viours. Further research is needed to understand developmental
trajectories, symptom progression, and treatment variations, while
we also comply with necessary ethical standards. Our study aimed
to fill the gaps in the literature using a unique dataset from a
European sample to inform clinical practice and policy decisions
regarding adolescent mental health management.

DATA AVAILABILITY
The data that support the findings of this study are available from the corresponding
author upon reasonable request.
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