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Abstract

Suicide is the second leading cause of death in adolescents within Canada. While several risk factors have been found to
be associated with increased risk, appropriate decision-support tools are needed to identify children who are at highest risk
for suicide and self-harm. The aim of the present study was to develop and validate a methodology for identifying children
at heightened risk for self-harm and suicide. Ontario data based on the interRAI Child and Youth Mental Health Screener
(ChYMH-S) were analyzed to develop a decision-support algorithm to identify young persons at risk for suicide or self-harm.
The algorithm was validated with additional data from 59 agencies and found to be a strong predictor of suicidal ideation
and self-harm. The RiSsK algorithm provides a psychometrically sound decision-support tool that may be used to identify

children and youth who exhibit signs and symptoms noted to increase the likelihood of suicide and self-harm.
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Introduction

Suicide is a major public health concern that has devastating
long-term effects on both families and communities. It has
been estimated that suicide and self-harm costs Canadian
society approximately $3.3 billion annually in both direct
and indirect costs [1]. Notably, suicide is the second lead-
ing cause of death among adolescents in Canada [2]. Previ-
ous research suggests that effective prevention strategies for
child and adolescent suicide should primarily be targeted
at reducing suicide risk factors [3]. Furthermore, the risk
factors and features of suicidality in youth are different than
those found in adults, hence the urgent need to determine
potential risk factors as well as develop decision-support
tools to identify these young people at greater risk [4].
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Self-harm: Nonsuicidal Self-injury and Suicidal
Self-injury

Self-harm is defined as any deliberate and direct act that
causes harm to one’s body, encompassing both nonsuicidal
self-injury (NSSI) and suicidal self-injury (SSI). NSSI is
defined as intentional destruction of one’s body tissue with-
out lethal intent and has a prevalence rate in adolescents of
approximately 30-40% in clinical samples and 13-29% in
non-clinical samples [5—7]; SSI is deliberate self-directed
harm to one’s body with the intent to end one’s life and has
a lower prevalence by comparison of 24-33% in clinical
samples and 4-8% in non-clinical samples [5, 7, 8]. Adoles-
cence represents a period of heightened risk for the initiation
and engagement in self-injurious behaviours, given that the
average age of onset is 12—13 years [9].

Potential Risk Factors for Self-harm, NSSI, and SSI
Individual Factors

Psychiatric disorders are highly prevalent in adolescents who
self-harm, with depression, anxiety, and substance misuse

being the most commonly reported [10-12]. Depression
is considered a key factor in the etiology of suicidality in
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youth, as it is heavily reported in both clinical and com-
munity populations [13]. Research has found that major
depressive disorder (MDD) is the greatest risk factor for
suicide attempts, with higher levels of depressive symptoms
being associated with a greater likelihood of engaging in
both NSSI and SSI[12, 14].

A prior history of self-injurious behaviour is one of
the strongest predictors of future suicidal behaviour, both
cross-sectionally and longitudinally [15]. The CASE study
found that among those who self-harmed within the year
before, more than 50% reported multiple events, suggesting
that repetition of self-harm is quite prevalent in adolescents
[16]. A review examining the link between NSSI and sui-
cidal behaviour found that across studies, NSSI was consist-
ently a robust predictor of suicidal thoughts and behaviour,
above and beyond a number of well-studied factors includ-
ing depression and family functioning [17-19]. It has also
been reported that more frequent engagement of NSSI is
predictive of more frequent suicide attempts [17]. Addition-
ally, longitudinal studies have found that a previous suicide
attempt increases the risk of a future suicide attempt three-
fold [20].

Self-harm and suicidal behaviour has also been linked to
certain personality and character traits, such as perfection-
ism and neuroticism [21]. One trait that has become increas-
ingly important in the literature is impulsivity, as it has been
reported that 50% of adolescents start thinking about harm-
ing themselves less than an hour before performing the act
[22]. Impulsivity is known to increase the risk of suicidal
behaviour; moreover, adolescents who engage in both NSSI
and SSI have significantly higher trait impulsivity compared
to those who engage in NSSI only [23]. Self-injury has also
been linked to compulsive behaviours, such that having one
or more obsessive compulsive symptoms increases the odds
of suicidality by 2.4 times [24].

Interpersonal Factors

A lack of family and social support is associated with a
greater likelihood of engaging in self-harm. Research has
found a number of family factors are related to adoles-
cent self-harm, including maladaptive parenting, parental
divorce, domestic violence, and child maltreatment [25-27].
Adolescents who have attempted suicide are more likely to
report running away from home, stress related to parents,
and lack of adult support outside the home [28]. Moreo-
ver, a longitudinal study found that even after controlling
for depression, low family support predicted future suicide
attempts into young adulthood, highlighting the persistent
effect of low family support on suicidality [29, 30]. Finally,
family discord has been reported as the most common pre-
cipitant of completed suicide in adolescents [31].
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The present study sought to develop and validate a meth-
odology that could identify children and youth who are at
greater risk of suicide and self-harm within the Ontarian
children’s mental health system. A validated methodology
to identify adults who are at risk for suicide and self-harm
(SOS) has previously been developed [32]. Due to the fact
that Ontario does not currently have an existing system
specifically designed for children and youth, an effort was
launched to develop a new decision-support algorithm for
identifying those at greatest risk of self-harm in this younger
population. Applying the same methodology utilized in the
SOS, the Risk of Suicide and Self-Harm in Kids (RiSsK)
algorithm was created to assist healthcare providers in deter-
mining whether a young person is at heightened risk of self-
harm or committing suicide. The aim of this article is to
describe the development and validation efforts undertaken
as part of the development of the RiSsK algorithm.

Methods
Sample

The participants in this study consisted of children and
youth who received services from mental health agencies in
Ontario. Referrals were made to the agencies through their
family physicians, pediatricians, school personnel, parents
or other allied professionals. Derivation was conducted on
a primary sample using screener records collected between
September 1, 2015 and January 31, 2019, a total of 60,414
records on 54,280 unique individuals from 59 organizations.
Males made up 49.8% of these observations and the mean
age was 11.8 years (SD 3.74, range 4 to 18 years). A valida-
tion sample consisted of 2117 records on 2098 unique indi-
viduals that were completed in a subsequent time period in
the same 59 organizations, between February 1, 2019 and
March 5, 2019. Males made up 49.0% of these observa-
tions and the mean age was 11.7 years (SD 3.67, range 4
to 18 years). There were no differences in the methods or
sources between the derivation and validation samples.
The derivation and validation data came from the imple-
mentation of the Child and Youth Mental Health Screener
(ChYMH-S) [33], described below. Two additional related
sources of data were also used in the post-scale development
stage, the Child and Youth Mental Health (ChYMH) [34]
and the Child and Youth Mental Health and Developmen-
tal Disability (ChYMH-DD) [35], also described below. A
sample of 25,104 ChYMH and ChYMH-DD assessments
on 13,899 unique individuals was used, completed between
September 1, 2015 and January 31, 2019. Males made up
57.0% of these observations and the mean age was 12.1 years
(SD 3.51, range 4 to 18 years). The ChYMH, ChlYMH-DD,
and ChYMH-S have been utilized as the standard of care
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in mental health agencies across the Province of Ontario.
Therefore, the inclusion criteria were children and youth
4-18 years of age who presented at mental health facilities
utilizing the interRAI child/youth suite of instruments as
standard of care.

Measures

The ChYMH-S is a brief assessment tool used in assessing,
triaging and prioritizing children and youth seeking mental
health services [33]. Within the global interRAI Collabora-
tive network, the Ch YMH-S was developed to provide seam-
less screening and support decision-making related to triag-
ing, placement, and service urgency for children and youth
with mental health needs. It was also designed to be used in
multiple settings, including schools, community programs,
as well as inpatient and residential services [33].

The ChYMH-S takes approximately 15-20 minutes to
complete, subject to some variability depending on case
complexity. The tool comprises approximately 100 items,
most of which are binary or ordinal scale measures for a spe-
cific time period. Furthermore, it consists mostly of selected
items from the larger comprehensive ChYMH [34], with
some additional items specific for screening purposes. The
full interRAI ChYMH instrument is a more comprehensive
standardized measure that is used to assess mental health
needs more extensively. It is comprised of approximately
400 clinical elements that are used to assess psychiatric,
social, environmental, and medical issues for school-age
children. Both the ChYMH Screener and full ChlYMH
assessment tools are divided into a number of subsections,
such as: demographic information; mental state indicators;
substance use or excessive behaviour; harm to self and oth-
ers; behaviour; cognition, communication, and development;
stress, trauma, and social relationships; and education. Fur-
thermore, both of these instruments incorporate a variety of
scales and algorithms known to have strong reliability and
validity [36-39]. For example, an empirical investigation
assessing the inter-item reliability of several of the embed-
ded scales, such as the Aggressive/Disruptive Behaviour
Scale, Anxiety Scale, Caregiver Distress Scale, and Peer
Conflict Scale, demonstrated that they had strong internal
consistency with Cronbach’s alpha higher than 0.70 [36].

Detailed manuals support the child/youth suite of instru-
ments and provide coding rules for the items. The result
is a valid and reliable set of information that can be used
individually for case documentation and to inform program
planning, as well as collectively for system reporting and
secondary research purposes. All interRAI instruments and
assessments are rigorously evaluated to ensure stringent psy-
chometric properties suitable for international implementa-
tion for both adults [40—42], children and youth [38, 39,
43-46].

Procedure

The interRAI ChlYMH Screener (ChYMH-S) was adminis-
tered as part of typical practice for children and youth seek-
ing mental health services in 59 agencies across Ontario. All
assessors completed a full-day training session regarding
how to administer and score the ChYMH-S. The service
providers that administered the Ch'YMH-S ranged in disci-
pline and expertise and included psychologists, nurses, psy-
chiatrists, speech and language therapists, child and youth
workers, physiotherapists, resource teachers, developmen-
tal social service workers, and social workers. Through a
semi-structured interview, either in person or over the phone,
assessors gathered information from a variety of sources
(i.e., family members, community members, document
review, and clinical observations).

Assessment information was entered into a de-identified
web-based software, password protected, encrypted, and
stored on computers with no internet or USB ports to ensure
confidentiality. This web-based software securely stores the
data at interRAI Canada and provides each case a randomly
assigned, study-specific participant number. Importantly,
personal identifiers had been removed prior to the data being
made available for analysis. Approval was granted through
Western University’s ethics board (REB #106415) for the
secondary analysis of data collected in various agencies
throughout the Province of Ontario.

Analysis

The goal was to develop an algorithm that would produce
an ordinal scale of the individual’s risk of suicide and self-
harm. A single ordinal item records the assessor’s perceived
risk of the individual’s “danger to self” scored as O (mini-
mal) to 4 (very severe or imminent). The analytic approach
was to use this estimate as the dependent measure and to
use multiple measures from the screener items to predict it.
An important purpose of this scale will be its use with the
comprehensive ChYMH assessment, which shares many, but
not all, items with the ChYMH-S. Therefore, all explanatory
items used in the algorithm must be available in the ChlYMH
assessment as well.

Importantly, in the full ChlYMH, the item “danger to
self” is not recorded as it is in the ChYMH-S. The algo-
rithm development therefore uses the availability of “danger
to self” from the Ch'YMH-S as the dependent variable in
order to model or predict this in the ChYMH where it is not
available. This single item reflects the clinician’s evaluation
based on all available evidence as to the level of risk of the
child’s danger to self.

In developing the scale, all screener records were used
because it represents the flow of assessments for which
to establish the relationship between predictor variables
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and global risk; and so this is aptly influenced by a young
person who may have been screened two or more times
(e.g., within both inpatient and outpatient settings). There-
fore, the sample population represents the properly bal-
anced sample of cases for which the algorithm hopes to
be applied to.

Exploratory work considered modeling dichotomous
proportions (e.g., percentage 2 or greater) in addition
to weighted and unweighted mean values. The simple
unweighted mean was ultimately chosen. The independent or
explanatory variables consisted of those that were judged to
be acceptable from a face validity and practical perspective.
For example, while age and sex might be associated with
differential self-harm risk, it is more desirable that mental
health symptoms and behaviours, some of which may be
age or sex related, be used instead. Also, items related to
school were avoided, as not all screened children and youth
are in school.

Modeling was done utilizing an interactive decision tree
tool supported by the SAS Enterprise Miner package. In
this interactive decision tree approach, like other tree mod-
eling approaches, the user starts with all cases and sequen-
tially divides them at nodes to arrive at mutually exclusive
and exhaustive classifications. The SAS program allows
the analyst to control, based on presented options ranked
by statistical strength, which variable is chosen (for statis-
tical and clinical reasons) and to see the resulting groups
before proceeding. This allows many alternative trees to
be explored. Decision trees naturally handle interactions
that are common in health data, such that the influence of
a given variable is specific to subsets of the data, in con-
trast to regression modeling which uses the average effect
across all subjects. In decision tree modeling, the first split
is particularly important. In addition to the top-ranking vari-
ables, forced splits (age, sex) were also considered as the
first splits, but were abandoned since they offered no addi-
tional explanatory power and resulted in some fragmentation
and small cell sizes in some branches. The chosen tree was
subsequently tested among sex and age groups.

A design goal was to have a final scale that had a compact
range: 7 groups (labels of 0 to 6, higher values with higher
risk). Because of the large sample with many variables,
resulting trees could have 30 or more terminal nodes, requir-
ing them to be combined after modeling. Group assignment
was done using weighted k-means clustering, resulting in 7
groups with the largest overall differences across the group
means. During modeling, this resulting assignment would
often result in a part of the original tree being unneces-
sary (over-branched), for example, a final two-way split in
a branch for which both resulting nodes were assigned to
the same clustered group. In these cases, the tree would be
pruned at these logical points with other splitting options
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explored before repeating the process, until a finished parsi-
monious tree was designed.

Multinomial logistic regression was applied to test model
fit of the dependent variable, to provide odds ratios as well
as the C-statistic (area under curve). Using the full sample of
25,104 ChYMH and ChYMH-DD assessments, the RiSsK
scale was calculated, and additional descriptive analyses
related to diagnoses were conducted. SAS 9.4 and SAS
Enterprise Miner 14.1 were used for the analysis.

Results

Figure 1 provides a schematic representation of the final
RiSsK algorithm, which categorizes assessed children and
youth into levels of risk that suggest the need for heightened
concern for suicide or self-harm based on criteria from the
ChYMH-S. A tree with 20 terminal nodes was selected. It
uses six items from the screener assessment, plus a scale
of depression symptoms (the Depression Symptoms Scale,
DSS) constructed from an additional nine items. All of
these 15 items exist in the same form in both the Ch'YMH
Screener and ChYMH full assessment.

As shown in Table 1, groups were assigned from 0 (low-
est) to 6 (highest) with higher scores indicating heighted risk
of suicide or self-harm. The child or youth may fall into a
given level via a number of pathways that represent different
combinations of the criteria/risk factors. Higher risk was
concentrated in a small minority of children, youth and their
families [approximately 0.08% scored at the highest level
(6)]. Specifically, Group 6 had 29 times the mean risk value
as group 0, and 313 times the proportion rated as severe,
very severe, or imminent risk. The C-statistic represents
the area under the receiver operator characteristic (ROC)
curve, and for the derivation dataset was 0.837. To validate
the RiSsK score, data from 2117 new records were utilized.
The C-statistic for the validation sample was 0.822. Table 2
presents the results for the validation sample.

For the derivation sample, three different cut-points
were examined by further collapsing the RiSsK score into
dichotomous groups (Mild +, Moderate +, and Severe +) to
determine sensitivity and specificity for identifying high risk
cases. Table 3 presents sensitivity and specificity as well as
positive predictive and negative predictive values, for the
severe, moderate, and mild groups. As can be seen from
Table 3 (severe group), a RiSsK score of 3 + provides a sen-
sitivity of 86% and specificity of 75%. However, given the
importance of sensitivity rather than specificity in relation
to clinical utility, a 2 + cut-point was chosen which provided
a sensitivity of 93% and a specificity of 61%. While there
is likely to be more false positives with the lower threshold,
a lower cut-point will reduce the likelihood that a child or
youth is at high risk but is not identified.
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Fig. 1 Risk of Suicide and Self-harm (RiSsK) decision tree diagram. DSS depression symptoms scale

Table 1 Derivation results of Risk of Suicide and Self-harm (RiSsK) algorithm (N=60,414)

any attempt
to kill self

>3 days,

i never

1
In last 3 days

attempted
self injury

Last 3

days f

Scale label % of sample Mean risk % severe, very severe, or Odds ratio Low 95% confi- High 95% con-
imminent risk dence interval fidence interval

0 46.3 0.08 0.1 Reference

1 12.8 0.30 1.1 44 4.1 4.7

2 14.2 0.62 1.5 12.5 11.8 13.3

3 13.7 0.85 33 21.2 19.9 22.6

4 6.6 1.44 9.5 74.4 68.8 80.3

5 5.7 1.74 19.5 134.8 124.1 146.5

6 0.8 2.28 42.6 422.1 352.8 504.9

c-statistic=0.837

Tables 4 and 5 present the derivation sample by age group
and sex, respectively. As can be seen from Table 4, older
children scored higher on the RiSsK algorithm indicating
that they were at higher risk of suicide and self-harm, than
younger children. Specifically, at a cut-point of 2 + for chil-
dren under 7 years of age, only 10.7% (vs. 7% for a cut-point
of 3+) were classified as high on the RiSsK algorithm com-
pared to higher scores for children aged 8-11 years (23.3%
vs. 14% for a cut-point of 3+) and those over 12 years

(58.1% vs. 38.5% for a cut-point of 3+). Additionally, girls
scored higher on the RiSsK algorithm than boys (51.4% vs.
30.3% for a cut-point of 2+and 35.1% vs. 18.2% for a cut-
point of 3 +) reflecting higher risk for self-injury in the for-
mer group than the latter one.

To examine diagnoses related to the RiSsK algorithm,
data from the full Ch'YMH and ChYMH-DD assessments
were utilized within the same time period as the deriva-
tion sample, comparing the diagnosis recorded as most
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Table 2 Validation results of Risk of Suicide and Self-harm (RiSsK) algorithm (N=2117)

Scale label % of sample Mean risk % severe, very severe, or Odds ratio Low 95% confi- High 95% con-
imminent risk dence interval fidence interval
0 49.1 0.10 0.2 Reference
1 13.0 0.34 0.7 39 2.7 55
2 14.9 0.67 1.6 11.8 8.6 16.9
3 11.8 0.82 2.8 16.0 11.5 22.1
4 6.2 1.44 10.6 61.7 41.2 92.5
5 4.2 1.73 20.2 111.0 69.1 178.2
6 0.8 2.63 50.0 683.0 253.0 >999.99
c-statistic=0.822
Table 3 Sensitivity and specificity results for the derivation sample: mild, moderate, and severe
RiSsK Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Predict mild or greater risk of harm to self 1+ 90.5 64.0 54.7 93.3
2+ 81.1 78.4 64.4 89.6
3+ 60.1 89.4 73.1 82.3
4+ 35.1 97.6 87.4 75.7
Predict moderate or greater risk of harm to self 1+ 96.2 52.8 23.9 98.9
24+ 91.1 66.8 29.7 98.0
3+ 779 81.1 38.8 96.0
4+ 55.1 93.4 56.3 93.1
Predict severe or greater risk of harm to self 1+ 97.9 47.6 53 99.9
24+ 93.0 60.6 6.7 99.7
3+ 86.0 75.1 9.4 99.4
4+ 70.6 88.7 159 99.0
PPV positive predictive value, NPV negative predictive value
Table 4 Hif?’h risk fo.r fierivation Scale label 7 and younger 8toll 12 and older
results of Risk of Suicide and
Self-harm (RiSsK) algorithm % of sample Odds ratio % of sample Odds ratio % of sample Odds ratio
by age
0 66.0 Ref 59.9 Ref 34.1 Ref
1 234 5.6 16.8 53 7.8 3.6
2 3.7 16.3 9.3 15.4 19.6 9.5
3 5.1 26.6 9.2 25.8 18.3 16.1
4 0.7 67.7 23 101.0 10.3 55.9
5 1.1 140.3 2.2 155.2 8.7 104.1
6 0.1 872.4 0.3 436.9 1.2 329.1
c-statistic 0.789 0.831 0.815

important as well as if a diagnosis was prevalent at all.
Table 6 (prevalence of suicide and self-harm by diagnosis)

RiSsK algorithm scores included Mood, Adjustment and
Eating Disorders.

presents the proportions that scored with higher values of

the RiSsK algorithm, among those with these diagnoses.
The diagnoses with higher RiSsK values varies somewhat
depending on the cut-point, here either 2+ or 3 +. How-

ever, the leading three diagnoses associated with higher
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Table 5 High risk for derivation results of Risk of Suicide and Self-
harm (RiSsK) algorithm by sex

Scale label Males Females

% of sample  Odds ratio % of sample  Odds ratio
0 54.0 Ref 38.7 Ref
1 15.7 4.2 9.9 4.6
2 12.1 11.1 16.3 14.7
3 10.7 19.1 16.6 24.4
4 3.8 70.3 9.3 84.8
5 3.3 113.8 8.1 160.4
6 0.4 429.3 1.1 472.7
c-statistic 0.819 0.841
Discussion

High risk for suicidality and self-harm was predicted by
a number of different contributors. Several of the predic-
tor variables were related to a prior history of suicidal
thoughts and behaviours, as well as mental health issues
and family factors. Children and adolescents who have
considered or attempted self-injury, attempted to kill him
or herself, or have previously engaged in any type of self-
injurious behaviour received higher scores on the RiSsK
algorithm. Furthermore, higher risk for suicidality and
self-harm was also associated with others being concerned
about the youth partaking in self-injury. This critical link
between prior ideas, attempts, or acts of suicidality and
self-harm, and future risk of self-harming behaviour is
well-supported by the literature. Consistent with previous
research, suicidal ideation is the only factor more strongly

related to attempted suicide than NSSI, after controlling
for psychological and demographic factors [47]. Although
the literature has made an important distinction between
NSSI and SSI, these two self-harming behaviours tend to
co-occur, such that nonsuicidal self-injury (e.g., cutting,
burning, scratching) has consistently been found to be an
important risk factor for attempted suicide among adoles-
cents [18, 48, 49]. Past research also supports our finding
that attempted suicide is an important risk factor for future
suicidality and self-harm; for example, one study found
that 36.9% of males and 61.9% of females who completed
suicide had a prior history of attempts [31]. Interestingly,
adolescents who report both a history of NSSI and SSI are
at increased risk for psychopathology and psychosocial
impairment compared to individuals who engage in either
NSSI or SST only [17]. This suggests that individuals who
engage in multiple forms of self-harm may represent a
more severe clinical group and thus require more inten-
sive resources, which is in line with the current study’s
findings.

Depressive symptomology was another factor that con-
tributed to higher scores on the RiSsK algorithm. This find-
ing is in accordance with previous studies that have shown
higher levels of depressive symptoms are associated with
increased likelihood of engaging in suicidal behaviour or
self-harm [12]. Furthermore, a multi-national study examin-
ing the influence of various psychosocial factors on NSSI in
adolescents found that depressive symptoms was the only
factor associated with increased odds of engaging in NSSI
across all countries included in the study [50].

The final contributing factor to the RiSsK algorithm is the
family being overwhelmed by the child or youth’s condition.
There are a number of reasons the family may be feeling

Table 6 High risk for derivation

> . DSM-IVIN=25,104 full ChYMH  RiSsK 2+ RiSsK 3+

results of Rlsk of Su101d§ and or ChYMH-DD . . .

Self-harm (RiSsK) algorithm by Most important ~ Any importance Most important ~ Any

DSM diagnosis dx (%) (%) dx (%) importance

(%)

Reactive attachment 48.5 54.8 324 35.6
Attention deficit hyperactivity 34.0 39.9 16.7 21.1
Disruptive behaviour 439 44.1 23.4 233
Learning or communication 34.8 395 19.9 21.4
Autism spectrum 35.6 38.2 19.3 20.9
Substance related 535 57.7 30.3 30.9
Schizophrenia/psychotic 52.7 59.1 28.0 36.5
Mood 76.0 70.4 48.7 429
Anxiety 493 51.6 27.5 29.6
Eating 64.2 67.1 434 47.4
Sleep 42.0 50.1 26.1 30.1
Adjustment 73.8 66.6 53.7 433

#Among assessments with this diagnosis, this is the proportion reaching this RiSsK threshold

@ Springer



920

Child Psychiatry & Human Development (2020) 51:913-924

overwhelmed or stressed. Family members may have signifi-
cant concerns about the safety of their child. Additionally,
these families may not possess effective coping strategies
needed to help navigate their child’s difficult situation, or the
child’s condition may be compounded by other family stress-
ors, resulting in feeling burdened or overextended. Research
has shown a variety of familial factors are associated with
suicidality and self-harm, such as poor family environment
and low parental monitoring [51]. Interestingly, adolescents
who are more likely to report a lack of family network avail-
ability have a higher likelihood of suicide attempts [52].
Families may feel overwhelmed because of the lack of out-
side help from family and/or friends, thus contributing to the
child’s increased risk of self-harm, a finding consistent with
this study. Studies have also found that low family support
predicts suicidal ideation and behaviours across both gender
and ethnicity [53]. It can be postulated that when a family
is feeling overwhelmed by the child, family members may
not be capable of providing the necessary, ongoing support
the child needs, thus resulting in the increased likelihood
of the child engaging in self-harming behaviours. Overall,
it appears that the predictive ability of the family feeling
overwhelmed within our model can be understood within the
greater context of the well-documented relationship between
family stressors and increased risk of self-injurious behav-
iours among adolescents.

The current study also examined diagnoses related to
the RiSsK algorithm, and identified mood, adjustment, and
eating disorders among the top diagnoses associated with
higher RiSsK scores. The association between these DSM-
diagnoses and higher risk for self-harm and suicidal behav-
iour is well-supported by the literature. For example, one
of the most common mood disorders in children and youth
is major depressive disorder, and as evidenced by both the
results of the current study and prior research, depressive
symptomology is an important independent predictor of self-
injurious behaviour [13, 14].

Other research has also reported that suicidal behaviour
and self-harm is very prevalent in youth with eating dis-
orders. Koutek and colleagues found suicidal behaviour to
be present in 60% of patients with an eating disorder, and
self-harm in 49% [54]. Furthermore, when examining the
relationship between suicidality and eating disorders across
the lifespan, it has been reported that approximately 16.9%
of those with anorexia nervosa have attempted suicide at
some point in their lives [55].

Past literature has also found a strong relationship
between adjustment disorder and suicidality. A study con-
ducted by Gradus and colleagues found that after controlling
for a number of factors including marital status, income,
and history of depression, individuals with adjustment dis-
order had 12 times the rate of completed suicide compared to
those who had not received this diagnosis [56]. Furthermore,

@ Springer

among adolescents who were admitted to a psychiatric hos-
pital, adjustment disorder was more common in youth hos-
pitalized for a suicide attempt compared to those without a
history of suicide attempt [57].

Overall, a number of variables predict risk for suicidality
and self-harm within childhood and adolescence, including
factors related to a prior history of self-injurious behaviours,
mental health concerns and family stressors. Furthermore,
certain DSM-diagnoses are more strongly associated with a
higher RiSsK score.

Use and Utility of RiSsK

Based on the findings, RiSsK is an empirically based deci-
sion-support tool that may be used to identify children and
adolescents who exhibit symptoms that have been shown to
increase one’s likelihood of engaging in self-harm and sui-
cidal behaviour. Given that the RiSsK algorithm was found
to be a strong predictor of high-risk self-injurious behaviour,
service providers utilizing this decision-support algorithm
will be able to make more systematic evaluations in deter-
mining whether a child or adolescent is at heightened risk of
committing suicide or engaging in self-harm.

The results of the RiSsK can be obtained automatically
by the assessor who has completed the interRAI ChYMH-
S assessment from the software in which the algorithm is
embedded. The results are intended to help support service
providers in selecting appropriate resources based on the
child or youth’s RiSsK score. Furthermore, the RiSsK algo-
rithm is meant to be used in conjunction with other informa-
tion obtained during the assessment process, for the purpose
of assisting the clinical team in determining the level of risk
of suicide or self-harm. Importantly, the RiSsK algorithm
should not be used as an automated decision-making system,
without any clinical judgment. Rather, the responsibility lies
within the clinical team to use their professional judgment
in making the decision as to whether the RiSsK score accu-
rately reflects the child or youth’s risk of committing suicide
or engaging in self-harming behaviour, when all available
information is considered holistically. Finally, the child or
youth, along with his or her family, should be included in
the decision-making process as necessary, as each unique
case requires careful consideration of that individual’s pref-
erences, strengths, and needs.

Depending on whether the child’s RiSsK score falls
within the upper or lower range will help determine subse-
quent care planning steps. If the child or youth’s score falls
within the lower range, it is recommended that the clini-
cal team engage in further discussion to determine whether
the RiSsK level seems appropriate given all other assess-
ment information. If the child or youth’s score falls within
the upper range, it is recommended that the clinical team
consider the individual to be at high risk for self-harm or
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suicide. The Suicidality and Purposeful Self-Harm collabo-
rative action plan (CAP) developed by interRAI can assist
clinicians in care planning for higher risk children and ado-
lescents [58, 59]. When the young person is at high risk
of self-harm, immediate safety planning is required. When
the young person is at moderate risk of self-harm, clini-
cians can consider referral to in-patient or out-patient treat-
ment depending on the circumstances, such as whether the
child has a supportive family relationship and stable home
life, or whether the child is experiencing extreme levels of
uncontrollable stress. Early detection and intervention are
essential components of effective prevention efforts, which
signifies the importance of the RiSsK algorithm in identify-
ing children and youth who are at a greater risk of suicide
or self-harm, as it enables clinicians to intervene earlier on.

Notably, proper assessment of self-harm is associated
with increased resources and costs in the mental health field.
This is evidenced by a study that examined predictors of ser-
vice complexity in children’s mental health, and found that
suicidality risk and purposeful self-harm was an important
contributor to increased resource costs [46]. Furthermore,
other research has found that self-harm and suicidal ideation
are associated with increased use of emergent and intensive
services as a result of these behaviours being life-threatening
by nature [11, 60]. Taken altogether, this finding emphasizes
the need to properly assess and care plan around this critical
issue, again pointing to the significant utility of the RiSsK
algorithm.

RiSsK also has potential benefits beyond individualized
care planning, such as providing comprehensive, standard-
ized data across large catchment areas. Moreover, it can be
implemented across multiple service sectors (e.g., schools,
emergency departments, policing, child welfare, devel-
opmental services, mental health facilities, universities).
Specifically, interRAI instruments utilize core items across
existing assessment instruments that evaluate self-harm and
suicide risk, thereby allowing an opportunity for an inte-
grated health information system [61] (please see www.inter
RAlorg). This broader application is dual purpose in that it
facilitates the identification of risk of suicide and self-harm
across the system, and can help justify expenditures [62]. In
line with other interRAI algorithms, RiSsK allows for popu-
lation stratification according to level of need, which enables
comparisons to be made between the performance of mental
health agencies with respect to outcomes of care within the
RiSsK levels [46, 62]. As a result, practice patterns can be
evaluated at multiple levels (i.e. regional, organizational,
national and international) [63]. Additionally, RiSsK levels
at intake can be used to help examine differences in how
services are utilized by level of need across various regions.
The key advantage in implementation of the RiSsK algo-
rithm would be that children and youth with higher levels of
need would receive more extensive services and resources

than those with lower-level need. It is important to note,
however, that this does not mean children and youth scor-
ing at the lowest level of risk are not given appropriate
resources.

While this study has numerous strengths, including its
relatively large sample size, it is not without its limitations.
First, this study is cross-sectional in nature. As a result of
this, older children have had a longer opportunity to engage
in suicidal and self-harming behaviours, and so it may not be
unexpected that these children obtained higher RiSsK scores
compared to younger children. In the future, longitudinal
data are needed to examine risk of suicidality and self-harm
as the child grows and develops. Second, the findings may
not be generalizable to a community-based sample because
the children and youth assessed were accessing outpatient or
inpatient mental health services. Additional future research
should examine whether this study’s findings are consistent
when participants comprise of a community sample.

Summary

Suicide is a major public health concern as it is the second
leading cause of death among Canadian youth [2]. Although
a number of risk factors have been previously identified,
there continues to be a critical need for the development
of appropriate decision-support tools to identify young
persons who are at highest risk for suicide and self-harm.
In this study, analyses were conducted using the interRAI
ChYMHS-S data collected within the province of Ontario to
develop a decision-support algorithm to identify children
and youth at risk for suicide or self-harm. The primary sam-
ple for the derivation of the algorithm was 60,414 records
obtained from participants aged 4—18 years who had com-
pleted the ChYMH-S assessment. The algorithm was subse-
quently validated with additional data from 59 agencies. The
independent or predictor variables that contributed to the
RiSsK algorithm included having considered or attempted
self-injury, attempted to kill him or herself, have previously
engaged in any type of self-injurious behaviour, others
being concerned about the youth partaking in self-injury,
along with depressive symptomology and the family being
overwhelmed by the child or youth’s condition. Through
the derivation and validation efforts, the RiSsK algorithm
was found to be a strong predictor of suicide and self-harm.
Therefore, the RiSsK algorithm provides a psychometrically
sound decision-support tool that may be used to identify
children and adolescents at heightened risk of engaging in
suicide or self-harm. The main goal for the development
and implementation of the RiSsK algorithm is to prevent
future self-harming behaviours or suicidal acts through the
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earlier detection, and subsequent intervention, of children
and youth at greatest risk.
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