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Suicide is a significant leading cause of death among young people, particularly those struggling 
with mental disorders. The present study utilised data from 230 young people (aged 16–18 years) 
undergoing a transitional care process from Child and Adolescent Mental Health Services to Adult 
Mental Health Services within the MILESTONE European project (2014–2019), a longitudinal cluster 
randomised controlled trial. The objectives of this study were to monitor temporal patterns of 
general health and social functioning over two years, to detect sex differences, and to identify factors 
associated with Suicidal Thoughts and Behaviours (STB) at the first and last time points. The results 
demonstrate a decrease in STB over the two-year follow-up period among all participants. Females 
exhibited a higher prevalence of STB across all time points, whereas males only exhibited STB at the 
nine-month follow-up. The most influential factors associated with STB were previous suicide attempts 
and mood disorders at baseline, and mood disorders and relational problems at the end of follow-up. 
These findings emphasise the importance of monitoring STB and informing young people undergoing a 
transitional care period about its key risk factors. Moreover, sex differences in STB suggest the need for 
different preventive strategies for males and females.
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Suicide represents a major leading cause of death among young people aged between 15 and 29 years old1,2, 
and the impact of such a tragic event on families and friends is magnified when the individual is a young 
adolescent3–5. Notably, 90% of people who die by suicide have suffered from mental disorders6,7. Therefore, a 
deeper understanding of the dynamics leading up to suicide risk in young individuals suffering from a mental 
disorder is of major clinical and public health interest. Modern suicidology tends to evaluate the causes and 
underlying mechanism of suicide without considering it as an epiphenomenon of a mental disorder but as a 
complex combination of risk and protective factors that threaten the stability of the individual8. Academics’ 
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interest in suicide prevention, therefore, focuses on possible antecedents to determine which individuals 
are at risk of attempting suicide9. The Suicidal Thoughts and Behaviours (STB) continuum encompasses the 
progression from suicidal thoughts to actions. It begins with suicidal ideation, where an individual contemplates 
ending their life, which can be passive (wishing one were dead) or active (considering specific methods). If these 
thoughts advance, they may lead to suicidal planning, where the individual starts detailing the method and 
means to die by suicide. The continuum culminates in a suicidal attempt, an actual effort to end one’s life, which 
can vary in severity and intentionality. Recognising where a person is on this continuum is crucial for effective 
intervention and prevention. The terminology STB will be employed in this paper to align with recent guidelines 
by De Leo et al.10, which advocate for a standardised and consensus-based nomenclature in suicidology. This 
approach distinguishes between the aforementioned stages clarifying the continuum from thoughts to actions. 
The precision in using these terms helps differentiate non-fatal suicidal behaviours from suicide attempts, as 
well as account for varying degrees of intent, thus enhancing clarity in both academic and clinical contexts. Prior 
research identified factors such as previous non-fatal suicide attempts, psychiatric symptoms (especially mood 
disorders), personality or temperamental factors (e.g., aggressive tendencies, impulsivity, low prosociality, and 
low self-esteem), trauma and abuse, lack of social support, and relational problems among the most significant 
associated factors for suicidal behaviour11–16. However, the most influential factors related to STB10 in young 
people during the transition process from Child and Adolescent Mental Health Services (CAMHS) to Adult 
Mental Health Services (AMHS) remain an unexplored research area. Additionally, some typical characteristics 
of adolescence, compared to adulthood, such as more frequent high-intensity emotions, with a prospective 
increase of negative emotions from early to late adolescence, and experiencing higher emotional instability17, 
highlight the clinical relevance of monitoring STB over time. Though fluctuations in suicidal ideation are 
even more pronounced among adolescents who struggle with mental disorders, identifying associated factors 
may improve our understanding of the susceptibility to such variations, and ultimately contribute to the 
implementation of effective prevention strategies. Additionally, this challenge is compounded by the fact that the 
absence of previous suicidal acts does not necessarily rule out the risk of suicide, making it difficult to exclude 
risk for individuals who have never attempted suicide before10,18.

Another aspect that deserves attention relates to potential sex differences in STB, a phenomenon commonly 
referred to as the 'gender paradox in suicide’19–21, with suicide attempts more common among females, and 
suicides in males (by suicide, we refer to the act that results in death)22,23. Female prevalence in non-fatal suicidal 
behaviour among adolescents can be partly explained by emotional instability and behavioural problems typical 
of this age17,24, but more evidence is needed to verify the gender paradox in young people suffering from a mental 
disorder. Moreover, no prior research explored sex differences in suicidality in young people facing the transition 
process from CAMHS to AMHS.

The MILESTONE project (2014–2019) was a longitudinal cluster randomised controlled trial (cRCT) 
undertaken with the primary objective of enhancing the comprehension of, and thereby strengthening, 
transitional care processes from CAMHS to AMHS across diverse healthcare systems in different European 
countries25. It proposed an innovative transitional care model that encompassed an evidence-based decision-
making process and managed transition, integrating fundamental principles of continuity of care: adequate 
information, appropriate collaborative efforts, therapeutic and relational continuity, and engagement with 
AMHS25. Specifically, the present study was based on the Italian adolescents’ subsample of MILESTONE. In 
Italy, a comprehensive nationwide cohort study on adolescents aged between 10 and 19 revealed a suicide rate 
of 1.71 per 100.000 person-years26, while the most up-to-date European statistics registered a suicide rate of 5.9 
per 100.000 person-years when considering the whole Italian population27. Therefore, we explored whether the 
transition process from CAMHS to AMHS, or other treatment providers (e.g., general practitioners, private 
clinicians, etc.) was related to STB among italian adolescents. Specifically, we aimed to (i) investigate temporal 
patterns of general health and social functioning before, during, and after the transition from CAMHS to AMHS 
or other treatment providers; (ii) examine sex differences in STB at baseline (T1), at 9 months (T2), at 15 months 
(T3), and at 24 (months); (iii) and determine the importance of different factors associated with STB and that 
might be useful in outlining a risk profile in future research.

We hypothesised that: (i) given the developmental stage of young people’s lives and the treatments received, 
many of them would show improvements in general health and social functioning over the two years; (ii) females 
would exhibit higher levels of STB compared to males; (iii) environmental and social factors (such as lack of 
support and relational problems) would have been more associated with STB at T4 compared to T1, as these 
factors are more implicated during the transition process rather than stable biopsychosocial factors (such as 
mood disorders, previous suicide attempts, aggressive tendencies, and trauma and abuse).

Results
Sociodemographic and clinical characteristics of participants
Table 1 shows the sociodemographic characteristics of the 230 adolescents in treatment at 11 Italian CAMHS 
included in the MILESTONE study. Adolescents aged 16–18 years old were involved in the study, with a mean 
age of 17.7 years (SD = 0.29). Of them, 88.3% had a white European ethnicity and 53% were females. Over 81% 
of the participants had utilised CAMHS services for at least 6 months, with 10% undergoing treatment for 5 to 
10 years. About a third of participants had been up to one year in CAMHS treatment, while approximately 17% 
had been 5 years or more in treatment. Regarding household composition, 58.4% of adolescents lived with both 
parents, while 16.0% lived with a single parent, 7.8% with one parent and a new partner, and only 4.8% were 
living in residential facilities. Furthermore, 14.3% of participants reported previous suicide attempts, while 9.6% 
didn’t answer this question.
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Regarding clinical characteristics, neurodevelopmental disorders (21.3%) were the most prevalent diagnoses, 
followed by mood disorders (14.8%), and anxiety disorders (13.9%); 84.3% of the participants reported no other 
psychiatric diagnosis in comorbidity (Table 2).

Temporal patterns of general health and social functioning over 24 months-period
We found a global decrease in HoNOSCA total ratings over the study period, indicating an improvement in 
general health and social functioning levels. Sex comparisons show that across all time points female subjects 
had higher HoNOSCA total ratings than male subjects (Fig. 1). A Likelihood Ratio Test (LRT) was performed 
to evaluate the interaction between sex and time points, revealing no statistical significance (p = 0.265). Sex 
differences (p = 0.037) and time points (p < 0.001), considered as a continuous variable, showed a significant 
effect on HoNOSCA total ratings. Moreover, we found a general decreasing trend over time for both sexes. 
In particular, decreases of 2.78 and 2.77 points in HoNOSCA total ratings mean were observed respectively 
for female and male subjects. Interestingly, the general improvement was visible both in the subsample of 
adolescents involved in the experimental Managed Transition (N = 63) and in the rest of the sample assigned to 
Treatment As Usual (TAU) (N = 167).

Sex differences in STB over 24 months-period
As shown in Fig. 2, female subjects had higher frequencies of STB than males. From T1 to T4, the number of 
female adolescents exhibiting STB decreased (12 at T1, 4 at T2, 5 at T3, and 1 at T4), according to the HoNOSCA 
self-injury ratings. Being male was less associated with STB across all time-points, except for T2. Furthermore, 
the model coefficients applied to determine the relationship among the underlying factors (Table 3) showed a 
statistically significant coefficient associated with HoNOSCA total ratings ( p < 0.001)—so that an increment 
of 1 point led to an increase of 27% on the levels of STB severity. Moreover, with an LRT test, no significant 

Sociodemographic characteristics N %

Sample 230 100

Age (m, SD) 17.68, 0.29 0.3

Sex

 Males 108 47

 Females 122 53

Ethnicity

 White 203 88.3

 Other ethnic groups 17 7.4

 Missing 10 4.3

Education level

 Primary 3 1.3

 Secondary school 213 92.6

 Further/higher education 1 0.4

 Missing 13 5.6

Usual living situation

 Both parents 134 58.3

 One parent and new partner 18 7.8

 One parent only 37 16.1

 Adoptive or foster parents 5 2.2

 Independent (alone, roommates, partner) 2 0.9

 Residential care 11 4.8

 Other 12 5.2

 Missing 11 4.8

Time spent under CAMHS care (years)

 0–1 70 30.4

 1–2 45 19.6

 2–5 56 24.3

 5–10 23 10.0

 10 +  16 7.0

 Missing 20 8.7

Previous suicide attempts

 No 175 76.1

 Yes 33 14.3

 Missing 22 9.6

Table 1.  Sociodemographic characteristics of the sample at baseline.
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interaction was found between sex and time point, considered as a continuous variable, suggesting that the 
highest female odds of STB compared to males were constant across the entire follow-up period. Differences 
between HoNOSCA total and self-injury domain ratings by sex are shown in Fig. 3. Low levels of STB were 
associated with lower HoNOSCA total ratings, while elevated levels of STB were associated with higher 
HoNOSCA total ratings.

Factors associated with STB
At baseline (T1) the most influential factors associated with STB in the applied model were previous attempts 
of suicide (importance = 6.89), HoNOSCA total ratings (importance = 4.53), and a diagnosis of mood disorder 

Fig. 1.  HoNOSCA total rating trends at the four time points by sex.

 

Clinical characteristics

Primary diagnosis

 Neurodevelopmental disorders 49 21.3

 Mood disorders (depressive, bipolar and related disorders) 34 14.8

 Anxiety disorders 32 13.9

 Eating disorders 24 10.4

 Personality disorders 22 9.6

 Attention deficit hyperactivity disorder 15 6.5

 Autistic spectrum disorders 11 4.8

 Conduct disorders 10 4.3

 Schizophrenia spectrum disorders and other psychotic disorders 10 4.3

 Trauma-and stressor-related disorders 8 3.5

 Obsessive–compulsive and related disorders 6 2.6

 Gender dysphoria 3 1.3

 Somatic symptoms & related disorders 3 1.3

 Unspecified/other mental disorders 3 1.3

Diagnoses in comorbidity

 None 194 84.3

 Anxiety disorders 15 6.5

 Mood disorders (depressive, bipolar and related disorders) 9 3.9

 Conduct disorders 2 0.9

 Obsessive–compulsive and related disorders 4 1.7

 Schizophrenia spectrum disorders and other psychotic disorders 3 1.3

 Somatic symptoms & related disorders 3 1.3

Table 2.  Clinical characteristics of the sample at baseline.
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(importance = 2.47). Similarly, at T4 a diagnosis of mood disorder (importance = 1.09) and HoNOSCA total 
ratings (importance = 0.41) were identified among the most influential factors associated with higher levels of 
STB, but also relational problems (importance = 1.02) (Fig. 4).

Discussion
The present study longitudinally investigated sex differences in general health and social functioning as well as 
in STB over two years in a large sample of adolescents in treatment at 11 Italian CAMHS. Our findings indicate 
a consistent improvement in health outcomes over four time points, suggesting that many young people in 
a developmental stage of their life and in treatment at mental health services show improvements in several 
life domains, regardless of the type of transitional care they receive25. Significant differences emerged between 
males and females, with females having higher HoNOSCA ratings compared to males, reflecting worse physical, 
behavioral, and emotional conditions, and a higher prevalence of STB. Moreover, we identified the most 
associated factors with STB in young people facing a transition from CAMHS to AMHS (and to other health 
providers), above all mood disorders, previous suicide attempts, and relational problems.

Females consistently had higher HoNOSCA total ratings than males, indicating worse physical, emotional, 
and behavioural conditions. These findings align with prior investigations indicating a greater incidence and 
prevalence of mental health disorders among females compared to males in adolescence and young adulthood28. 
As a result, it is not surprising that females also exhibit higher levels of STB, highlighting the strong connection 
between general health, particularly mental health, and domains related to suicidal behaviours and non-fatal 
self-harm29,30, as well as their well-known propensity for suicide ideation, planning, or attempts compared to 
males31. These results are in line with the growing need for psychiatric consultations related to STB in Italy 
before the COVID pandemic, especially among female adolescents29. Moreover, at least partially in line with 
the sex differences in STB documented in the literature20,21, our findings revealed a higher prevalence of STB 
among young females compared to males, but no mortality comparison could be done since no suicide deaths 

Coefficients OR 95% CI p-value

intercept 0.00018 0.00–0.017  < 0.001

tpoint 0.829 0.434–1.583 0.569

HoNOSCApt 1.374 1.178–1.603  < 0.001

Sex (= Male) 0.087 0.009–0.807 0.032

Table 3.  STB trends over four time points based on the HoNOSCA self-injury domain ratings.

 

Fig. 2..  Participants who reported different levels of STB based on the HoNOSCA self-injury domain ratings 
by sex.
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were recorded in our adolescent sample during the two years. Prior research showed that in young adolescents, 
females are three to nine times more likely to attempt suicide, while men are up to four times more likely to die by 
suicide32,33. Possible explanations for this phenomenon may have to do with means, with females often choosing 
methods that have less probability of leading to death compared to males34, and with the higher prevalence 
of mental disorders, especially mood disorders, among female adolescents35,36. According to Tintori et al.37, 
disparities in suicide attempts between sexes arise from distinct vulnerabilities that affect males and females to 
varying degrees. These authors highlighted the significant sex-based variability in suicidal ideation, particularly 
pertinent when addressing adolescents’ demographics, revealing a higher prevalence of mental disorders and 
suicidal behaviour among females compared to males, consistent with prior research. Importantly, data from 
the present study were collected before the COVID global pandemic. This aspect is of particular interest since 
results from the Youth Risk Behavior Survey across 17 countries published by the Centers for Disease Control 
and Prevention38 revealed a substantial increase in STB among girls before the pandemic, which also worsened 
due to it39–41.

Moreover, during the MILESTONE 2-year assessment period, there was a consistent increase in the low 
levels of STB across the four time points examined. This may be due, in part, to growing attention from clinicians 

Fig. 4..  Comparison of factors’ importance in the association with STB at T1 and T4.

 

Fig. 3..  Differences in STB severity (ratings 3 and 4 of the HoNOSCA self-injury domain) compared to the 
HoNOSCA total ratings by sex.
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towards those who have previously attempted suicide, as previous studies demonstrate that about 20% of those 
who attempted suicide will attempt again within one year42. In addition, consistent with previous observations43, 
participants in the MILESTONE project who reported high levels of STB at baseline often continued to receive 
care from CAMHS over the 24 months. Clinicians, parents, and carers of those particularly at risk of suicide, 
indeed, may persist in postponing the transition to AMHS due to high levels of emotional distress43.

Regarding factors associated with STB, in our sample neurodevelopmental (21.3%), mood (14.8%), and 
anxiety disorders (13.9%) accounted for about 50% of primary diagnoses among participants. As Nock et al.44 
reported, the majority of young individuals who exhibit suicidal behaviours have pre-existing mental health 
conditions, which therefore represent one of the most important risk factors42. Even though mood disorders 
were not the most prevalent in our sample, they revealed the strongest association with STB at both the first 
and last time points (see Fig.  4). This finding is consistent with previous research highlighting that 50–75% 
of young individuals who die by suicide had a mood disorder, resulting in adolescents suffering from mood 
disorders potentially being at a higher risk of attempting suicide than their peers45. Although mood disorders in 
children and adolescents are often underdiagnosed, misdiagnosed, and undertreated46, they remain significant 
risk factors for suicide across all age groups, including childhood and adolescence47–49. Moreover, among the 230 
participants, 33 had previously (before T1) attempted suicide (14.3%), while 22 did not disclose such information 
(9.6%). Our findings show that a history of suicide attempts had the strongest association with STB from the first 
through the last time point (Fig. 4). This finding is consistent with the literature showing that previous suicide 
attempts represent a major risk factor for completed suicide50. Other studies have shown that around 10% of 
adolescents who attempt suicide may try again within three months14, and 40–55% of those who attempt suicide 
have made previous attempts51,52. It is worth noting that the mean lifetime suicide attempt rate among other 
European countries participating in the MILESTONE project was 25.7%, which is significantly higher than in 
our Italian sample53. This observation is consistent with the relatively lower suicide rates recorded in Italy (6.7 
per 100.000 inhabitants) compared to the rest of the world (9.2 per 100.000 inhabitants)1.

Finally, our investigation confirmed the significance of environmental and social factors as pivotal factors 
associated with STB in adolescence. In our study, relational problems exhibited a stronger association with STB 
at the end of the follow-up (T4), a period coinciding with the possible transition to AMHS for the majority 
of participants, than when all adolescents were seen in CAMHS due to their age below 18  years (T1). This 
transition to AMHS may have been emotionally taxing, necessitating additional support from family members, 
peers, and healthcare practitioners. Previous studies have shown that social and interpersonal relationships, 
parenting processes, family climate factors, and stressors within the family context are significant risk factors for 
STB among young people54,55. During adolescence, a period characterised by heightened emotional volatility 
driven by the limbic system’s bottom-up regulation56, individuals may face more profound emotional challenges 
due to the instability of interpersonal relationships, particularly intimate bonds; and those struggling with 
mental disorders frequently face stigmatisation and may become targets of peer victimisation and bullying, 
circumstances that can exacerbate social isolation among adolescents57. Moreover, the transition from CAMHS 
to AMHS may include additional challenges: these include adjusting to new environments, dealing with social 
isolation, managing disruptions in treatment continuity, navigating complex healthcare systems, and taking on 
increased responsibility for their well-being. Other challenges, such as moving away from home for the first time 
and financial concerns, may also arise58–60.

The current study, compared to previous ones conducted on adolescents with psychiatric health conditions61,62 
includes (i) four assessments over two years to monitor suicidality fluctuation, (ii) a larger sample size (who 
meets the criteria for psychiatric diagnoses according to the ICD-10, DSM-IV, and DSM-5)63, (iii) and the use of 
standardised assessment tools, such as the HoNOSCA64. Previous studies conducted on the Italian population 
employed a broader age spectrum65 and did not specifically include adolescents with mental disorders during 
their transition from CAMHS to AMHS (and to other health providers). Additionally, two of MILESTONE’s 
Young Project Advisors, both with lived experience of using mental health services, are co-authors of this study. 
Their experiences and perspective played a crucial role in the comprehension of the relevant factors implicated 
in the transition from CAMHS to AMHS, and in highlighting the clinical implications of this study.

Nevertheless, our study presents some limitations and future works may contribute to bridging these gaps. 
Since none of the participants—fortunately—died during our study, within the gender differences in suicide, we 
were only able to support the assumption that females experienced more non-fatal STB than males. Moreover, for 
an in-depth investigation of each specific suicide outcome separately (e.g., suicidal ideation, suicidal planning, 
and/or suicide attempts), longitudinal studies should aim to include a larger number of participants with elevated 
levels of STB in order to capture a broader spectrum of these phenomena. However, within the MILESTONE 
project, young people were deemed ineligible if they were considered to be too unwell or too vulnerable by their 
clinician to participate. Therefore, young people with an imminent risk of suicide might have been excluded 
from the sample. This is a common limitation in suicidology since both clinicians and researchers must carefully 
select participants with the well-being and safety of patients as a top priority. Moreover, this study considered 
the participants’ biological sex dichotomously (male vs. female) according to the tools used, such as DAWBA. 
Including gender identity as a variable to explore suicide risk in the young LGBTQIA + community, especially 
among those facing a transitional care process, might be of great relevance and interest, given the high rates of 
rejection, bullying, and abuse these individuals are subjected to66,67. In general, adolescents are often heavily 
exposed to issues related to suicidal tendencies and self-harming behaviours on social networking platforms. 
While these platforms can serve as a means of communication and seeking social support, they can also expose 
young individuals to negative messages promoting self-harm, which can exacerbate their involvement in such 
harmful behaviours68. Furthermore, extended use of social networking sites has been linked to elevated levels 
of psychological distress, unfulfilled mental health requirements, decline in self-assessed mental health, and 
an increased inclination towards suicidal thoughts. The dual nature of social media, which includes positive 
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elements such as peer support and recovery narratives, as well as negative effects such as dependency, triggers, 
imitation of harmful behaviours, cyber victimisation, and psychological entrapment, highlights its role as both 
a contributing factor and a protective mechanism69,70. Longitudinal investigations are necessary to clarify the 
nature of the association between suicidal behaviours and social media use, given the ambiguity surrounding the 
precise direction of causality71. Moreover, there is a pronounced tendency among girls towards dependency and 
imitation, which can lead to the emergence of a “suicidal identity”—an online persona centered around suicidal 
thoughts and behaviours. This highlights the need for targeted intervention strategies aimed at using social 
media as a tool for suicide prevention.

In conclusion, this longitudinal study evaluated trends in general health and social functioning, as well as 
sex differences and factors associated with different levels of severity in STB among young people suffering 
from mental disorders and undergoing a transition from CAMHS to AMHS in Italy. We found an overall 
improvement in general health and social functioning over the two-year follow-up. Moreover, sex differences in 
STB among young people struggling with a mental disorder suggest that females may require the implementation 
of different preventive strategies than males. Finally, the identification of factors associated with STB has clinical 
implications as it reinforces the perspective in suicidology that views suicide as the unfortunate combination of 
various contributing factors, and also suggests that more attention should be paid to environmental and social 
factors (e.g., relational problems and lack of support). Thus, it would be ideal to approach these phenomena 
comprehensively and through an interdisciplinary lens to gain a deeper understanding of the underlying causes 
of suicidal ideation among adolescents. In light of recent NICE recommendations on suicidal behaviors72, it is 
crucial to recognise that risk assessment tools are ineffective in reliably predicting self-harm or suicide. This 
study emphasises the importance of focusing on associated factors contributing to STB rather than predictive 
models. The variability of individual risk calls for a holistic assessment that considers each person’s unique 
needs and vulnerabilities. Our findings advocate for clinicians to use their clinical judgment, ensuring treatment 
strategies are developed within a comprehensive framework that addresses both strengths and challenges.

Methods
Participants
The MILESTONE project enrolled 763 young individuals from 52 CAMHS across eight European Countries25. 
Previous studies43,63 have described in detail the study design and recruitment procedures. In the present study, 
only data from the Italian sample were analysed, which was the country with the highest number of participants 
(n = 230). Participants were users of CAMHS and: (i) were up to one year younger than the upper CAMHS age 
limit (between 16 and 19 years old), or three months older if they were still under CAMHS care at the time 
of the study (mean = 17.68; SD = 0.29); (ii) had a psychiatric diagnosis or regularly visited CAMHS services; 
(iii) had an IQ of more than 70 or no intellectual impairment—previously assessed with standardised tools 
or diagnosed by a clinician—and (iv) were able to complete all the assessments. Of note, in Italy, CAMHS are 
commonly referred to as “Neuropsychiatry Units” or “Services for Children and Adolescents” (NPIA). However, 
in this manuscript, we used CAMHS in line with the MILESTONE project rationale, which involves selecting 
participants from different countries. In Italy, there is no standard policy for determining the age at which 
patients should transition from CAMHS (or NPIA services) to AMHS. The transition typically occurs around 
the age of 18, but it depends on individual needs and local healthcare resources. To ensure continuity of care and 
support at this important time, patients and their families were gradually involved in the planning and execution 
of this transition. However, specific and regional transition policies may differ depending on the location.

Study design and procedures
After informed consent was obtained, young people and their parents were invited for a baseline assessment 
at the CAMHS where they received care, for approximately six months before reaching the upper age limit 
of the service. Interviews to collect information on sociodemographic details and the need for care were 
conducted. Based on the participants’ preferences, the assessments took place either at their original CAMHS 
(at baseline for everyone and at other time points for those who had not yet experienced the transition), at 
AMHS (after the transition from CAMHS), at home, or via telephone. Online questionnaires were completed 
using HealthTracker™ as a secure web-based platform (https://www.healthtracker.co.uk)25. Clinical information 
on young people was provided by clinicians or by accessing medical files. Participants completed the baseline 
assessment between October 2015 and January 2017 and were evaluated four times during the 24-month follow-
up period: at 3 months before transitioning from CAMHS to AMHS (T1), 9 months after T1 (T2), 15 months 
after T1 (T3), and 24 months after T1 (T4). At T1, all participants were receiving treatment in CAMHS, while at 
T4 some of them had already transitioned to AMHS.

The study protocol (study registration numbers: ISRCTN83240263 and NCT03013595) was approved by the 
UK National Research Ethics Service Committee West Midlands, South Birmingham (15/WM/0052) and the 
ethical committee of the Italian coordinating site IRCCS Fatebenefratelli on 4.12.2014 (permission 70/2014). All 
procedures contributing to this study comply with the Helsinki Declaration of 1975, as revised in 2008.

Measures
General health and social functioning
General Health and social functioning were assessed using the Health of the Nation Outcome Scales for Children 
and Adolescents (HoNOSCA)73,74, a 15-item scale rated on a five-point severity scale, from 0 (no problem) to 
4 (severe problem). It is composed of two sections: section A consists of 13 items related to different emotional 
and behavioural domains, while Section B contains two questions that investigate the young person’s or parents’ 
awareness of the young person’s difficulties and their knowledge of the available services. Items included in the 
HoNOSCA are reported in Table S2.
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Suicidal thoughts and behaviours (STB)
In the HoNOSCA Non-Accidental Self-Injury subscale participants were asked the question "Have you done 
anything to injure or harm yourself on purpose?". Scores to this item, ranging from 0 to 4, allowed to differentiate 
different levels of severity reflecting the STB continuum: 0 = "No problem of this kind during the period rated"; 
1 = "Occasional thoughts about death, or of self-harm not leading to injury. No self-harm or suicidal thoughts"; 
2 = “Non-hazardous self-harm, such as wrist scratching, whether or not associated with suicidal thoughts”; 
3 = “Moderately severe suicidal intent (including preparatory acts e.g. collecting tablets) or moderate non-hazardous 
self-harm” (e.g. small overdose); 4 = “Serious suicidal attempt (e.g. serious overdose), or serious deliberate self-
injury”. This item does not include scratching, picking as a direct result of a physical illness, accidental self-injury 
due to severe learning or physical disability, and illness or injury as a direct consequence of drug/alcohol use, 
rated on Physical illness or disability problems subscale.

Factors associated with STB
To determine the importance of the association of different factors with STB at T1 and T4, we utilised five 
different MILESTONE information: sociodemographic and personal information, clinical diagnosis, the 
Achenbach System of Empirically Based Assessment (ASEBA), the Development and Well-Being Assessment 
(DAWBA), and the Transition Readiness and Appropriateness Measure (TRAM), as outlined by Singh et al.25. 
These standardised tools incorporate a range of items pertinent to factors associated with suicide, including 
previous suicide attempts, mood disorder diagnoses, aggressive tendencies, trauma and abuse, lack of support 
from family and friends, and relational problems. Items of each of these factors were grouped into thematic 
domains to exploit them in the factor analysis. A detailed list of the items included in our analysis is presented in 
the Supporting Information section (see Supplementary Table 1) and in Singh et al.25.

Statistical analysis
To assess the general health and social functioning over four time-points, we considered the HoNOSCA total 
ratings employing a repeated measures model with a random effect for each subject to account for within-subject 
correlations. This approach allowed us to sketch the total rating trajectory over time, considering individual 
variability. To analyse sex differences in STB trends a generalized linear mixed-effects model was fitted with a 
binomial family and a logit link function. The HoNOSCA self-injury subscale variable was transformed into a 
binary variable: a score of 3–4 indicates moderate-to-elevated levels of STB, while a score of 0–1–2 indicates low-
to-mild levels. The score of 2 was initially ambiguous since self-harm might be done to avoid suicide impulses75, 
but it may also represent a predisposition for suicide attempts76. Therefore, we tested two approaches: including 
it in the low-level category (Table 3), and excluding it entirely (see Table S3). Since the results of these two 
scenarios were almost identical, we proceeded with the first approach. To account for within-subject correlations 
we included a random effect for each subject; in addition, sex and HoNOSCA total ratings were considered as 
covariates. Finally, through an Exploratory Factor Analysis (EFA) using a random forest model77, we identified 
the importance of the factors associated with STB at the first and last time points. The metric used to evaluate 
features’ importance was Mean Decrease Gini (MDG), providing an overall indication of how much each feature 
contributes to the accuracy of the model by increasing the purity of the nodes. The analyses were performed 
using the R software system version 4.3.2, considering a significance threshold of 0.05.

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