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Abstract
Background

Suicidal thoughts affect 12% of Canadian adolescents. Previous research has linked many
factors to suicidality but has not considered how these factors may act together or their effect

on non-mental health outcomes.

Methods

| used the National Longitudinal Survey of Children and Youth to construct predictive
models for suicidal thinking. Recursive partitioning models were constructed and the
sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV)
for suicidal thoughts and secondary outcomes was calculated. | tested the models in the Avon

Longitudinal Survey of Parents and Children.

Results
Predictive model sensitivity was 24.2%, specificity was 89.8%, PPV was 24.7%, and NPV
was 89.5% and had similar accuracy in the second dataset. The models were better at

predicting other adverse outcomes compared to suicidal ideas.

Conclusion

Exposure to multiple risk factors is predictive of several poor outcomes in adolescence

including suicidal thoughts.

[Words: 144]
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Chapter 1: Introduction and literature review

1.1 Epidemiology of suicide

Each year, over 800,000 people die by suicide worldwide (1-3). It is an important
public health issue both internationally and in Canada (4). Suicide is a major cause of
preventable death in Canada with an annual rate of 11.5 deaths per 100,000 people and
100,000 years of potential life lost (5). In addition to the mortality associated with suicide,
each suicide has psychological, social, and financial impacts on family, peers, and
community (4,6-9).

The impact of suicide is particularly pronounced among adolescents and young adults
aged 15-34 where suicide is a leading cause of death, second only to unintentional injury
(10). In fact, as medical and technological advances have led to significant reductions in
unintentional injury and other causes of death, suicide accounts for an increasing proportion
of deaths among youth aged 15-19. Today suicide accounts for 23% of all deaths in this age
group, up from 9% in 1974 (5). Further, for each youth who dies by suicide, there are up to
400 documented and undocumented suicide attempts and thousands more engaging in
serious thoughts about suicide (11,12). A systematic review of literature on adolescent
suicidality showed that 9.7% (95% CI, 8.5-10.9) of adolescents had attempted suicide at
some point in their lives, 29.9% (95% CI, 26.1-33.8) had thought about suicide at some
point, and 19.3% (95% CI, 11.7-27.0) have had such thoughts in the previous year (13).
Further, the scope of the problem may be underestimated as suicidal thoughts and attempts

may not be reported due to stigma, even on anonymous surveys (14).



It is important to understand adolescent suicidality, as research has shown that it is
not merely a transitory state, but an indicator of longer-term vulnerability, including
increased risk of subsequent non-fatal and fatal suicidal behaviours (15-19). Research
suggests that suicidal adolescents are more likely to experience suicidal behaviours and die
by suicide as adults (14,20-22), however, other research by Moran et al. (2012) showed that
self-harming behaviours spontaneously resolved in most adolescents as they aged into young
adulthood, with the exception of those with mental illness (23). In addition to an elevated
risk of subsequent suicide, individuals who have engaged in suicidal behaviour are at an
increased risk of premature death from other causes (16,24,25). Goldman-Mellor et al.
(2014) showed that young people (24 years or younger) who attempt suicide were two times
more likely to experience persistent mental health problems (including depression, substance
dependence, and suicide attempts), three times more likely to report additional suicide
attempts, and were more likely to have physical health problems, including a two-fold
increase in metabolic syndrome, and a four-year increase on the Framingham cardiovascular
disease risk score than non-attempters as they aged (22). Youth and young adults who
attempt suicide were also more likely to engage in violence, to require long-term welfare or
unemployment, and to be less satisfied with their lives as they approach midlife, even after
accounting for social class and youth psychiatric diagnosis (22). Given the severity and
impact of suicide, many organizations have identified suicidal behaviour as a priority and
have indicated that urgent action is needed (7,26). Where much of the research on suicide
prediction have focused on factors present near the time of suicidal thoughts and behaviours,
the research described in this thesis aims to understand the distal factors that contribute to

elevated risk. By gaining a better understanding of the early life factors that increase risk of



suicidality, prevention strategies that support health from early childhood through
adolescence can reduce morbidity and mortality, and build the foundation for adult health
and productivity (27,28).

Considering the scope and impact of suicidal thoughts and behaviours, understanding
the factors that contribute to later suicide risk may provide information to guide the
development of suicide prevention interventions targeting high-risk groups. The focus on
understanding distal predictors detectable prior to the onset of suicidality creates the
opportunity for the implementation of early intervention programs. Further, understanding
potential markers of suicidal thoughts may also contribute to greater insight into other
important health and social outcomes in adolescence. Many risk factors for suicide may be
markers of early-childhood difficulty, and thus the predictors that accurately identify higher
suicidality may also be able to predict other adverse outcomes in adolescence including
antisocial behaviour, substance misuse, poor physical health, poor mental health, risky health
behaviours, and poor academic performance. Literature shows that there is a close inter-
relationship between psychological, emotional, and behavioural problems, which tend to co-
occur and, to a large extent, tend to stem from the same conditions (29-31). It is plausible
that the absence of a nurturing childhood environment or the presence of multiple risk factors
may be predictive of multiple measures of adversity in later life. In this way, understanding
how combinations of distal risk and protective factors increase or decrease suicidality across
the suicidal continuum has the potential to improve population health by highlighting
developmental pathways to suicidality (4). Additionally, these early life predictors may not
be specific to the suicide context and may, in fact, also be indicators of a difficult early life.

Thus, they may also shed light on the development of other important adolescent outcomes.



1.2 Suicide continuum

Historically, the relationship between suicidal thoughts, behaviours, and death has
been theoretically conceptualized using a suicide continuum, first proposed by Beskow
(1979), where suicidal thoughts precede suicidal behaviour, including fatal suicidal acts (32)
(see Appendix 1 for definitions). Suicidal thoughts may transition into suicidal behaviour,
including acts of self-harm for some individuals and, for a proportion of these individuals,
acts of self-harm may escalate to death by suicide (32—36). Research supporting the
continuum model has showed that suicidal thoughts are an important precursor to both
suicide attempts and suicide; most people who have attempted or died by suicide have
engaged in suicidal thoughts prior to their acts (33,36-47). However, the use of the suicide
continuum has been controversial. Despite research supporting it, some researchers maintain
that not all suicidal individuals proceed through the discrete steps outlined in the suicide
continuum, which is connected to the broader debate about the relationship of thoughts to
behaviour.! Despite these questions, the determination of suicidality in the studies included

in this research were based on a suicide continuum approach, where only participants who

1 While supported by a large body of evidence, not all individuals appear to proceed through the discrete steps
outlined in the suicide continuum, as there is evidence that many suicide attempts in adolescence are unplanned
(283). There is a level of impulsivity associated with suicidal behaviors. Simon et al (2001) showed that 24% of
youth who had made suicide attempts of life-threatening severity carried out the attempt within five minutes of
having made the decision to do so.

It is important to note that the stages along the suicide continuum are not mutually exclusive, and further, not
all suicidal individuals advance sequentially through these stages across the continuum (12,265). However, this
was the theoretical underpinning of the questionnaire used in the National Longitudinal Survey of Children and
Youth (NLSCY), where unless an individual endorsed the item on suicidal thoughts, that individual would not
be asked about behaviours or attempts.



indicated they had suicidal thoughts were asked about behaviours, plans, and attempts (this is
further discussed in the limitations section).

Suicidal thoughts have thus been of interest to many suicide researchers as most
people who die by suicide have previously thought about the act (12). Although there is
evidence to show that those who die by suicide have some different characteristics than those
who think about suicide, ideation-focused research is able to provide valuable insight on the
suicidal process (35). However, the information gathered from those with suicidal thoughts
may not be broadly generalizable to all those with suicidality, as there are important
differences according to age and gender between those who have suicidal thoughts and those
who die by suicide. Notably, there is wide agreement that females are more likely to report
suicidal thoughts, while males are more likely to die by suicide (48-50). Further, there are
important age-related trends, which indicate that the characteristics of individuals with
suicidal thoughts may not be completely applicable to the population of those who die by
suicide. Suicidal ideation has been shown to affect many youth, however prevalence
estimates of past year ideation vary dramatically from 4.7% to 19.3%, due in part to different
age cut-offs and the use of different criteria to assess suicidal ideation between studies
(37,51-55).

Practically, the study of those with suicidal thoughts can provide rich data, as the
subjects are still alive to provide information. From a statistical standpoint, since suicidal
thoughts are more prevalent than death by suicide, the study of suicidal thoughts allows
researchers to identify important socio-demographic variables that may not be possible to do
for suicide deaths, due to the low base rate in the adolescent population (35). Statistically, the

higher prevalence of suicidal thoughts compared to deaths allows for accurate identification



of demographic and personal characteristics. This is particularly true of longitudinal research
where the number of participants who die by suicide is likely to be too low to detect any
meaningful predictors. Other methods of studying those who die by suicide, particularly the
use of psychological autopsies, are plagued by biases and limitations that diminish the
usefulness of the information (56,57). In addition, suicide those with suicidal thoughts are
able to report on internal thoughts and feelings that would not be available to friends or
family members of those who die by suicide. One of the limitations to much suicidology is
that the internal thoughts or feelings prior to the suicide death are not available to researchers
following a suicide, which has led many researchers to study those who have suicidal
thoughts or behaviours. While a strength of longitudinal research is that the thoughts and
feelings prior to a suicide would have been recorded, the low base rate in a population
sample make it difficult to accurately study those who die by suicide even in large samples.
Onset of suicidal thoughts and subsequent progression along the continuum of
suicidality may be rapid, particularly in the presence of acute triggers. This highlights the
importance of upstream prevention approaches which reduce the number of youth who enter
the suicidal continuum (32,33,58,59). In addition to being a useful marker of later suicidal
behaviours and deaths by suicide, suicidal thoughts themselves are an indicator of significant
distress. Suicidal thoughts have been associated with a range of psychological difficulties
and negative health states including: poor psychosocial functioning; risky sexual behaviour;
aggressive behaviour; substance use disorders; and depressive disorders (34,36,60,61). Thus,
interventions that prevent suicidal thoughts may also decrease associated health risks. While
there is evidence that those with suicidal thoughts, those who attempt suicide, and those who

die from suicide may be have different characteristics, children and adolescents who “only”



engage in suicidal thoughts are exhibiting serious and significant distress that requires urgent

attention (12).

1.3 Risk factors for suicidality
The robust risk factor literature on suicide has clearly established the existence of

numerous risk factors for suicide; however, these have often been investigated individually.
Research that considers multiple risk factors is necessary in order to detect important
combinations that dramatically increase the risk of suicidality. This study aims to assess the
contribution of the interactions between biological, psychosocial, social, and environmental
factors that increase in risk of suicidal thoughts. In order to account for the multiple spheres
of influence that have been linked to suicidality, this research was grounded in a theoretical

approach.

1.3.1 Conceptual model

This research is guided by a conceptual model (see Figure 1.1), which has been
informed by the main themes emerging in the suicide literature. The life course perspective
provides the theoretical underpinning for this model, positing that an individual accumulates
exposures across the life course that affects disease risk. Thus, biological, behavioural, and
psychosocial exposures in gestation, childhood, adolescence, and adulthood have the
potential to increase or decrease the risk of suicidality (62,63). These proximal and distal risk
and protective factors may attenuate or exaggerate the risk of progressing along the suicidal
continuum, from thoughts to behaviour, or from behaviour to death by suicide. The life

course model allows for the exploration of early life exposures and developmental factors,



but also to understand potential trajectories through childhood that are influenced by
intermediate factors that exaggerate or attenuate the level of suicide risk in adolescence
(51,62). These chains of risk highlight how risk is accumulated gradually across the life
course, and how experiencing certain negative exposures increase the probabilistic risk of
further negative exposures. An individual who experienced poverty and social disadvantage
in early life, for instance, may have access to fewer educational opportunities, which in turn
leads to decreased employment opportunities, lower income, and higher rates of chronic
diseases (62). This individual may have a high allostatic load, which is the price the body
pays for prolonged exposure to stressful situations because of cumulative damage to the body
due to the number and duration of negative exposures (62,64—66). Individuals who have been
exposed to chronic stressors experience negative consequences due to over-exposure to stress
hormones, which result in various negative outcomes, including earlier aging, more mental
illness, increased risk of suicide, and increased odds of various morbidities (66). The
differential experiences of allostatic loads and physiological stress may partly explain the
gradients in health between rich and poor (66).

The left portion of the conceptual model (Figure 1.1) was drawn from the Social
ecological model, which highlights that risk and protective factors that influence suicidal
thoughts are found at various social ecological levels, ranging from the individual and family
to interpersonal and environmental (29,67,68). This is taken from extensive literature
showing how risk and protective factors associated with different domains, and the
interactions between factors, increase or decrease suicidality in adolescence (see 1.3.2 for

more on risk factors for suicide).



A strength of this approach is the ability to acknowledge risk clustering. This
includes how certain risk factors are socially organized and how certain individuals are likely
to experience a number of clustered risk factors. For example, children who live in adverse
social circumstances are more likely to have low birth weight, poor nutrition in childhood,
and to be exposed to negative environmental exposures like passive tobacco smoke or
contaminants (62). Previous research has shown that the accumulation of risk factors may be
better able to predict outcomes than a single risk factor (69). Understanding the multiple
levels of risk and protective factors, and the underlying theoretical constructs are important

to investigating suicidality (70-73).



Figure 1.1 Conceptual Model — Social ecological model of suicidal ideation, behaviours, and suicide
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1.3.2 Risk factors and predictive factors for suicidality

“Each way to suicide is its own: intensely private, unknowable and terrible... and any
attempt by the living to chart this final terrain of a life can be only a sketch, maddeningly
incomplete” (74).

A large body of evidence supports the conceptual model above, which illustrates that
there are numerous individual, family, interpersonal, and environmental factors that have
been linked to suicidality. Broadly, risk factors can be defined as “a measurable
characteristic of an individual, group, or environment that precedes and increases the
probability of an outcome” (29,75). Epidemiological risk factor research has been very
useful in identifying high-risk persons. This can be used to: increase awareness in high risk
groups; encourage help-seeking; target preventative public health interventions; or design
treatment programming to promote health and prevent adverse outcomes among high-risk
groups (35).

Risk factor research has been common in the suicide literature, and suicide risk
assessment has focused on either distal risk factors and chronic risk factors, which include
factors that predispose an individual to suicidal risk; or proximal risk factors, also called
‘triggers’, ‘warning signs’ and ‘acute risk factors’, which are factors or conditions that
indicate that a suicidal crisis may be imminent (12,35). In this research, only distal risk
factors were considered in order to identify which factors may increase vulnerability to
suicidal thoughts in the long term. Interestingly, despite this distinction between chronic risk
factors and acute warning signs, many risk factors have not been investigated longitudinally

to see which are potent years prior to the suicidality and which are most important only in the
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time immediately prior to suicidal behaviours. This inquiry is therefore important in order to
see if particular characteristics are of concern long before the suicidal events may occur.
Understanding and predicting suicidal thoughts, behaviours, and deaths has proven
challenging given the complex aetiology and the interacting biological, psychological, social,
and environmental correlates, as well as the interconnected risk and protective factors. Emile
Durkheim, one of the first academics to investigate suicide and associated social patterns,
identified associations between rates of suicide and levels of social disintegration in certain
populations (4,76,77).2 Research also supports the life course model, which posits that
suicidal ideation and behaviour is a long-term outcome that is influenced by accumulated
experiences, beginning in the prenatal stage through childhood, adolescence, and adulthood
(4,60). Despite the limitations of existing research, there is emerging consensus that suicidal
thoughts and behaviour are linked to risk factors present throughout the life course (60,78).
Thus, understanding individual, family, interpersonal, and neighbourhood risk factors that
predict suicidal thoughts may lead to the early identification of children who are at highest
risk of later suicidality. Further, using a developmental perspective is appropriate for the
investigation of suicidal outcomes, as the accumulation of negative or positive exposures
throughout childhood and adolescence may act to increase risk or to buffer against harm

(61).

2 Emile Durkheim (1951) identified four types of suicide — egotistic, altruistic, anomic, and fatalistic suicides
(77). Egotistic suicide is where the individual is socially isolated and lacks community, family, or friends.
Altruistic suicide is where an individual’s identity is subordinate to the group, as in Kamikaze pilots or suicide
bombers. Anomic suicide occurs in response to a crisis with which the person is unable to cope and for which
the individual views suicide as the solution. Finally, fatalistic suicide occurs when people believe that their lives
are limited by a larger societal situation to such a degree that there is no point to living.

12



Decades of risk factor research on suicidality have made it clear that there is not one
universal set of risk factors or pathway for every suicidal person, but rather have pointed
towards the equifinality of suicidal behaviour. In the words of Bertini (2009):

The investigation into the suicidal mind is not a simple one. The path to
completed suicide is complex and generally has multiple causes, which
culminate in one final act. Each individual who completes suicide has his own
unique trajectory which leads him down this path to self-inflicted death.

In this context, equifinality, or the idea that the same result can come from different events,
posits that suicidal outcomes may be a common end point that can be predicted by a number
of potential developmental pathways (61,79,80).

Figure 1.2 Equifinality of suicidal thoughts

Risk factor research in suicide is not new, so there is a large body of research linking

multiple factors to increased odds of suicidal thoughts, behaviour, and/or death by suicide.
However, an interesting challenge reflected in previous risk factor research on suicide is that
a majority of individuals who die by suicide would be classified as low-risk. This reflects the
classical epidemiological and prevention problem with focusing solely on high-risk groups.

As demonstrated by Rose (1981) in cardiovascular disease research, low-risk groups produce
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up to 90% of cases, as there is a most of the population is classified as low-risk and therefore
account for more cases in absolute numbers, while only a small proportion of cases are
generated in the high-risk group, as few individuals would be classified as high-risk (81).

In order to assess which factors should be considered for inclusion in the predictive
models, a literature review was conducted (see Appendix 2 for more details). There are
several factors that have been strongly linked to suicide prediction, which are not relevant to
the research question, as they do not occur in the early childhood period. These include
diagnosed mental illness (60,63,82-93), history of suicidal ideation and suicidal behaviour
(63,84,94) (95), education level (60,83,94,96-98), age (63,83,87,99), and sexual orientation
(12,35,86,94,96,100-105). These factors have all been strongly associated with suicidality
partially due to temporal proximity to suicidal events; however, because the focus of this
investigation is on factors that are detectable before the age of 5, they are not discussed more

thoroughly in this review.

Genetic, prenatal, and postnatal risk factors

Investigation into the pre-and-post-natal periods has revealed that the “seeds” of
suicidal vulnerability may be planted very early in development. Increased understanding of
early-life development has also uncovered several factors in infancy that have been linked to
later suicidality (106). Research has linked neurobiological, genetic, and epigenetic factors to
increased odds of suicide, including genetic influences governing serotonin levels and
possible epigenetic mechanisms including DNA methylation and histone modifications
(12,61,72,106-109).

Low birth weight and prematurity have both been linked to suicidal outcomes (109—

111). Research by Blasco-Fontecilla et al (2013) showed that prematurity both increases the
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risk of violent suicide attempts with an odds ratio (OR) of 2.38 (95% CI, 1.12-5.08), and
additionally, appears to be the first step in a cascade of stressors that increase risk. Maternal
substance use during pregnancy, including tobacco and alcohol, have been linked to
increased risk of suicidality for the offspring, as has the experience of post-partum

depression (112).

Individual-level risk factors

At the individual level, diverse factors have been linked to suicidal outcomes, ranging
from demographic factors, behavioural characteristics, and life experiences. At a
demographic level, a strong but paradoxical gender effect persists in most studies, which
show that females are more likely to report suicidal thoughts but less likely to die by suicide
than their male counterparts (17,50,51,54,60,63,87,90,93,99,113-120). There has been much
investigation on this interesting relationship, highlighting the effects of gender norms,
differential influences of risk and protective factors between girls and boys (both prevalence
and strength of risk factors), patterns of help-seeking behaviours, and choice of method for
suicidal acts (12,119).

Research has shown that rates of suicidal thoughts and behaviours differ between
racial, cultural, or ethnic backgrounds (12,35,54,61,63,101,121-123). Various studies have
shown that that ethnic minority groups in North America, including Asians, Blacks, and
Hispanics have higher rates of suicidal ideations compared to whites, however other studies
have not found race alone to be a significant predictor of suicidal outcomes (13,61). These
differences might be explained by different cultural orientations towards suicidal behaviours,
and further, might be affected by a variety of risk factors such as racial discrimination, or

internalized feelings of social rejection and prejudice (61,106,124). Also, the experience of
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being part of a racial/ethnic minority may be related to discrimination or prejudice, which
may lead to feelings of social rejection that can be internalized and can create significant
issues (12,106,123). In the Canadian context, research suggests that Aboriginal people face
higher suicide risk due in part to the colonial legacy and continuing influence of social
determinants of health (125).

A number of other factors, including immigration, religious beliefs and practices, and
rural or urban residence, have been linked to suicidal outcomes as well. The experience of
immigration may also be linked to suicidal outcomes due to acculturative stress, going
through a significant change, and experiencing psychological distress associated with the
immigration process (123). Religious beliefs and practices have been linked to suicidal
outcomes (84,94,126-128). There is some evidence to suggest that suicidal thoughts,
behaviours, and deaths might vary by rural or urban area of residence (129). Wagner (2009),
for example, showed that the states with low population density had higher suicide rates. The
difference in rates of suicidality between rural or urban centres might be linked to social
isolation, poverty levels, or provision of mental health services.

Consistently, the strongest predictor of suicidal thoughts and behaviours is the
presence of psychopathology, including the diagnosis of a mental illness like depression,
anxiety, schizophrenia, psychosis, conduct disorders, and addiction/substance dependence.
While these disorders are typically not diagnosed in young children, symptoms of
internalizing or externalizing difficulties in early childhood may lead to difficulties in later
life, including depression, anxiety, risk-taking behaviours, aggression, and violence (130).
Externalizing and internalizing problems have been used to estimate the prevalence of
psychiatric difficulties in childhood. Egger & Angold (2006) estimated that 19.5% of

preschool children experience mental health problems (131). Behavioural difficulties in early
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childhood including aggression/externalizing behaviours (36,63,70,88,94,121,132-136),
internalizing behaviours and emotional problems (137,138), and hyperactivity/ inattention
(137), have been linked to the later development of psychopathology (more details included
in Appendix 2). Additionally, it has been suggested that 1Q in childhood is inversely
associated with suicidal thoughts and attempts (139).

The experience of chronic illness, pain, or activity limitation during childhood may
have an impact on suicidal outcomes (45,60,63,84,94,140). Bertini (2009) suggests that the
relationship between childhood chronic conditions and activity limitations to suicidality
might be due in part to the influence of familial and parental relationships and the provision
of care. In addition to the difficulty the child experienced related to a chronic illness, the
child may feel like a burden to the family and thus may have experienced heightened
distress, particularly in the absence of a compassionate, supportive, and understanding
parental relationship.

A large body of evidence has shown that exposure to stressful life experiences and
adverse childhood experiences have been strongly linked to suicidal thought
(14,54,60,63,64,84,93,122,141-149). Individual studies have shown the effect of abuse,
parental separation or divorce, illness, or death within the family on the development of
suicidal ideation and behaviours (see Appendix 2). Additionally, research suggests that
exposure to certain stressful experiences, like maltreatment, may be particularly potent in the
early life period (from 0-5 years) (149). The importance of stressful life experiences, for all
females and for some males, is not surprising, considering the extensive literature on adverse
childhood experiences on physical and mental health (150). Afifi et al (2008) showed that
having experienced an adverse childhood event accounted for a substantial proportion of

suicidal ideation and attempts among both women and men (143). The possible mechanism
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underlying this strong association is potentially that the stressful experience affects the
development of coping strategies and increases an individual’s desire to escape emotional
pain (143). Despite the strength of this association, there appear to be several important
factors including gender, depression, hopelessness, autonomy, and competence, that

moderate the relationship between stressful life events and suicidality (151-153).

Family-level risk factors
The family environment has an important role on the development of a child and also

impacts vulnerability to suicidality later in life. A range of parental and familial factors have
been linked to suicidal outcomes, including socio-demographic factors, parental age, parental
mental and physical health, family composition, parenting style, and family functioning.
Measures of the family socioeconomic status, including parental education, employment and
income have all been linked to suicidal ideation. Low socioeconomic status, including the
experience of poverty or financial adversity, unemployment, and low education levels, have
been shown to be a risk factor for mental health concerns, including suicidality
(31,50,60,78,82,84,85,87,90,102,115,154-156).

Both young and old maternal age have been weakly linked to suicidal outcomes.
Some research has found that having a young mother has potentially negative impacts on her
offspring, increasing the risk of suicidal outcomes (109,112). Research by Niederkrotenthaler
et al. (2012) found that having a teenage mother significantly increased odds for suicide
attempt (OR: 1.66 (95% CI, 1.53-1.80)) (109). Conversely, other research has linked
advanced maternal age has also been linked to many negative health outcomes including
mental health problems and suicidality (157). These differences might occur because
younger mothers and older mothers differ on many characteristics, including access to social

and economic resources, stress levels, parenting style and more.
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Having a parent with a mental illness or history of suicidality has been shown to be
an important predictor of the development of suicidality in children
(12,28,60,63,82,90,112,158). The presence of psychopathology in the family might influence
the development of suicidality both through genetic and environmental pathways. Research
has shown that many mental health problems have a genetic link, which partly explains the
link between parental mental illness and subsequent child suicidality. This may be partly due
to the heritable link for mental disorders, where genetics and neurobiology confer personality
traits which are the foundation upon which the individual develops (72,106). In addition to
the role of genetics, the early childhood environment may be operative, and environmental
processes may affect early childhood development (158). There is a plausible gene-
environment interaction; however, this has not been closely examined in the suicide context.
Similarly, research has shown a strong link between a family history of suicide and the
development of suicidality. This link may have both an environmental and genetic
component partially due to the strong correlation between mental illness and suicidal
behaviours (63,82,84,90,94,122). Family concordance for suicidal behaviours is consistent
with both genetic and environmental models of suicidality. Indeed, the genetic predisposition
to mental illness may increase the odds of suicidal behaviour, as may the modeling of self-
destructive or suicidal behaviour (61). Further, parental alcohol or drug use problems have
also been linked to increased suicidal ideation and attempts in offspring (60,99,159).

Both family composition and relationships, including family functioning and
parenting style, have been linked to suicidal outcomes (34,36,51,60,76,82,86,94,96,97,160—
162). Suicidal thoughts and attempts occur at higher rates among those who are living
without either biological parent, with only one biological parent, and also among those who

experience family disruption due to separation, divorce, incarceration, or death of a parent
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(61). Parental divorce during childhood has also been found to increase the odds of suicidal
thoughts among certain populations (52,163,164). Additionally, odds of suicidal behaviour
were elevated among individuals who have been adopted, compared to those who were not
adopted (165).

Family relationships and parenting style, including the presence of family
dysfunction, have also been linked to suicidal outcomes. Much of the critical social
development of children during early life occurs at the home, thus a large body of research
has focused on the influence of the family on the development of suicidal thoughts or
behaviours (61). The first five years are a crucial period of brain development and growth,
including the development of emotion and behaviour regulation (166,167). Difficulties with
social-emotional regulation in early life can persist into adolescence and adulthood, creating
ongoing difficulties with mental health (167—-169). Parenting style can have a lasting impact
on the socio-emotional development of a child. Positive parenting has been associated with
positive social-emotional regulation (170) whereas poor attachment relationships in infancy
and early childhood have been associated with increased stress reactivity (169,171,172).
Positive parenting in early life may provide a child with a foundation for self-worth, where
he learns that he is worthy of love; enhancing his resilience when facing challenges (106).
Even for those who have experienced sexual abuse, supportive parenting has been shown to
be protective for suicidal thoughts, particularly among boys (163). On the other hand,
neglectful, aversive, or unavailable parenting styles have been linked to increased suicidality
(173,174). Research by Richards (1999) found that more than half of patients who attempted
suicide or died by suicide had experienced rejection or abandonment in their early years
(175). Many suicidal patients reported feeling disconnected from their parents, which

contributed to suicidal thoughts and actions (106). Low maternal responsiveness, including
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low availability and low acceptance, as early as age three has been shown to be predictive of
suicide attempts in adolescence (176). Further, negative parent-child relationships with low
levels of warmth and high levels of criticism have been found more frequently in families of
suicidal youths than in control groups (61). Bertini (2009) suggested a plausible mechanism
whereby the child craves love and support from his/her caregiver, but it is unattainable, so
the child may begin to form negative self-esteem and believe that he/she is not deserving of
love and affection. These repeated cycles of seeking love and feeling rejected in the early life
period may cement a negative sense of self from early childhood, which carries into
adulthood and may lead to low self-worth, depression, or anxiety (106). Additionally,
parental inconsistency, hostility, or ineffectiveness can have negative implications for the
child (106,173).

Negative family relationships, poor communication, and conflict have all been linked
to suicidality. Suicidal adolescents are more likely than their peers to report poor family
relationships, higher family dysfunction, and more interpersonal conflict with their parents
(12,35). Poor family communication, particularly avoidant or hostile communication, has
been linked to suicidality (61). Families that are poor communicators, that are ineffective at
problem solving, or that have difficulties dealing with everyday problems and challenges
have been linked to increased suicidality (61,177). A lack of family cohesiveness,
supportiveness, and flexibility in the face of change have all been shown to predict future
suicide attempts (177,178). However, some research shows that family-wide characteristics,
like family cohesion or family disorganization, are not as impactful as communication
problems or conflict in the parent-teen dyad (61,179). Parent-child conflict and parent-child
communication difficulties correspond to increased odds of suicidal thoughts (179,180), and

further, good parent-child communication mediates the odds of suicidality among those
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exposed to multiple risk factors (179). Levels of parental monitoring have also been linked to
a wide range of health and social outcomes (181). High exposure to violent TV as a child
may be a marker of low levels of parental monitoring, which may be linked to negative

outcomes in adolescence.

Interpersonal and environmental
Beyond the family environment, there is a growing body of evidence around the

importance of the social and neighbourhood environment on the socio-emotional
development and health of children (182). High social capital, strong social relationships,
high feelings of belonging and inclusion, and safe, trustworthy neighborhoods have been
linked to a range of positive health and social outcomes (183-185). Social inclusion and
participation, including participation in voluntary organizations, has also been linked to
reduced suicide risk (156). Research has found that neighbourhood deprivation and low
levels of social cohesion was associated with poor mental health, even after adjusting for
individual risk factors, possibly due in part to limited access to resources, social norms, or
perceptions of danger (182,184). Geographic clustering of suicidal phenomena suggest that
there may be contextual influences of the neighbourhood environment, including levels of
social cohesion, inclusion, or characteristics of the neighbourhood environment, like lack of
resources, high levels of disruption, or low levels of perceived safety (98). Relatedly, suicide
tends to cluster in disadvantaged neighbourhoods, and neighbourhood poverty has been

found to be significantly associated with both suicidal thoughts and attempts (186).

1.4 Predicting other outcomes in adolescence
These risk factors may shed light on suicidal thoughts, but they may also be shared with

other mental, emotional, and behavioural difficulties during adolescence. Just as it is
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important to consider multiple risk factors in order to better understand and predict
suicidality, the field of prevention science shows that the same risk factors affect multiple
outcomes (69). Investigating the universality of risk factors to multiple negative outcomes in
adolescence provides a more fulsome understanding of the developmental process (69).
Similar risk factors, including stressful life events, socio-economic disadvantage, and family
or community dysfunction, have been linked to multiple psychopathological conditions,
including mental illnesses, antisocial problems, low academic achievement, and substance
misuse (29,187). For example, experiencing childhood trauma, including witnessing
violence, experiencing abuse, or living with mentally ill family members has been linked to a
range of negative outcomes later in life, including substance misuse, mental illness, and
suicide attempts (29,188).

The biopsychosocial processes that lead to these disorders are not fully understood.
However, considerable research has shown that the healthy development of mental,
emotional, or behavioural processes is dependent on complex interactions that play out at
every socio-ecological level to alter developmental trajectories and increase or decrease the
risk of developing difficulties in adolescence or adulthood (29). In other words, “many of the
family risk factors for suicidal behaviours are not unique to families of suicidal youth but
instead are shared by families of youths with other disorders” (61). This idea is consistent
with the idea of multifinality, which holds that given risk conditions can lead to several
different outcomes due to interconnected developmental processes (61,80). Multifinality
shows that a number of negative characteristics of the individual, family, school, or
neighbourhood can lead to a number of negative outcomes, including suicidal behaviour,

poor mental or physical health, poor academic performance, and others (80).

23



Figure 1.3 Multifinality with of high-risk subgroups
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Thus, variables that predict suicidal outcomes may be understood as markers of a difficult
early life and therefore may also predict other negative adolescent outcomes. If this research
finds that there are common risk factors between suicidal thoughts and other adverse
outcomes in adolescence, there may be an opportunity to investigate how high-risk
subgroups can be targeted with interventions and support which may prevent multiple

adverse outcomes and enhance overall health and social outcomes in adolescence.

1.5 Importance of the early life period for development of suicidality

The early life period is important developmentally, as it lays the foundation for health
and well-being throughout the life course (189,190). Early childhood experiences play an
important role in brain development and growth, and research has shown that patterns of
neural connectivity are developed in this period, which create patterns for health and learning
throughout childhood, adolescence, and adulthood (191,192). Research has also shown that
difficulties in early childhood may become entrenched, manifesting as mental difficulties

later in life (193,194). Early signs of difficulties are apparent at a very early age: parents
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often report concerns before age 5 (29). Further, according to Durkheim, the social factors
that influence individuals to suicide “only gradually penetrates them,” accumulating across
the life course, meaning that early life conditions have long-term implications (156,195).
From a practical standpoint, most children enter school at 4-5 years of age, which
represents an opportunity for identification of high-risk subgroups as well as possible
intervention points for those who are at increased risk. The use of the school setting for
universal screening programs has become increasingly common. This research provides
evidence on the accuracy of screening for adolescent difficulties based on early-life factors,
but there are many additional considerations to investigate before recommending universal

screening programs at school entry.

1.6 Tree-based modeling for predicting suicidal thoughts

Previous investigation into risk factors for suicidality have shown that there is not one
uniform set of risk factors applicable to all cases of suicidal thoughts or behaviours. There
may be unique groups of risk factors or interactions between variables that better illustrate
the predictors of suicidal thoughts. In order to simultaneously consider the influence and
interaction of numerous variables, non-traditional modeling approaches were used. Decision
tree approaches have the capacity to model non-parametric, high-order interactions through
recursively partitioning the sample in order to identify the profiles of adolescent sub-groups
that differ in terms of risk of suicidal thoughts. Decision trees are powerful tools that have
many benefits over traditional logistic or linear regression models for the development of
prediction rules, although they do have some limitations.

Tree-based approaches have been successfully used for many applications and are
preferred to other statistical methods like linear or logistic regression analysis because they
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have no distributional assumptions, they are able to detect high-level interactions, they are
robust to outliers, and the results are presented in an intuitive and interpretable format. The
decision tree method, including Chi-square interaction detection (CHID) trees and
Classification and Regression Trees (CART), does not require distributional assumptions,
including the normal distribution of variables (196-200). Thus, the flexibility and non-
parametric nature of tree models makes them attractive tools for building models with high
face validity that could be easily applied in clinical settings or to describe real-world
situations (197). In addition to not requiring strong distributional assumptions, tree models
are well-suited for exploratory research with non-linear data, as the models are able to
identify the most significant variables and eliminate those that are not significant (14,200).
Another major strength of tree models is that they are able to discover and describe complex
interactions between independent variables (197,198,201,202). Due to this sensitivity to
higher order interactions, tree models are appropriate for this research, as the objective is to
detect interactions between independent variables in order to discuss the many different
combinations of variables that can determine subgroups that have high, medium, or low risk
of suicide thoughts (201). A further advantage of tree models over traditional regression
analysis is the robustness to outliers and the ability to handle noisy data. Outliers can be split
into a separate node, which then do not decrease the accuracy of the overall model (200).
Finally, tree models are preferred to other multilevel modeling due to the graphic, intuitive,
and easily interpretable presentation of results. Even complicated tree models are presented
in a way that facilitates the interpretability and comprehension of the results
(14,196,201,203). The contingent nature of tree models follows the same logic as clinical
assessment tools, where the sequence of questions depend on the answers to the prior

questions (201,204,205). The success of decision trees in clinical medical practice, like the
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Ottawa Ankle Rules, suggest that classification trees may be feasible screening tools,
particularly when assisted by computerized technology (206-208). This makes tree models
easy to interpret in practice, particularly when compared to other forms of multivariate
analysis (199).

Previous research has shown that decision tree models, including Iterative
Classification Trees (ICT) or CART are flexible and powerful modeling tools that have
allowed investigation of complex relationships, development of predictive models, and
creation of clinical screening tools (209,210). Researchers have used ICTs to assess violence
risk in order to develop a nuanced and interactive understanding of the causal processes of
violence, ultimately leading to the development of clinically useful tools for use in violence
risk assessment (201,205,211). CART models have also been used to show the complex
interplay of factors associated with cancer reduction, since CART is able to identify
interactions between ecological factors in order to identify priority subgroups (212).
Schennach (2012) used CART model techniques to show the predictor of better treatment
trajectories which allowed the researchers to analyze a variety of socio-demographic and
clinical variables in order to predict treatment trajectories (213). Eaton et al (2013) used a
similar methodology to understand comorbid mental and behavioural disorders (202).
Computerized ICT methods have also been implemented by the Correctional Service of
Canada to detect the mental health needs of offenders, detecting fewer false positives and a
comparable number of false negatives as standard binary screening (204). Recursive
partitioning methods were used in the development of the Ottawa Ankle Rules, which have
been successfully integrated into clinical practice to predict fractures in patients with ankle

injuries (206-208).
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Despite these advantages to tree-based approaches and a history going back over 30
years, decision tree methodology had not gained wide-spread popularity in the
epidemiological literature until recently. Given the complex relationships between the
numerous factors associated with risk of suicidal thoughts, decision tree models may be

useful in identifying groups at high risk of suicidal thoughts.

1.7 Aim and objectives

This research investigated the early life predictors of adolescent suicidality. Building
from risk factor literature, this research used modeling techniques to investigate the
association between factors present at elementary school entry and suicidal thoughts in
adolescence. Additionally, this research applied the risk classification from the models to see
if the models built to predict suicidal thoughts may also be able to predict other adverse
outcomes in adolescence. This research also compared two approaches to building tree
models and regression-based model building to compare the strengths of each approach.
Predictive models were built using Canadian longitudinal data and validated in a British
longitudinal cohort.
Objective 1:
Research question: Are there identifiable groups of individuals that are at increased risk for
adolescent suicidal thoughts based on groups of factors identifiable in early childhood?
Hypothesis: Factors present at school entry predict later suicidal thoughts, particularly
among those with multiple signs of adversity. While much suicide prediction research has
focused on proximal risk factors, developmental theories of disease and illness suggest that
the precursors of psychiatric distress and suicidal ideation may be present in early life.

Objective 2:
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Research question: Are these measures of a difficult early life also predictors of other
negative health and social outcomes in adolescence?

Hypothesis: The factors that predict adolescent suicidality may also predict other negative
outcomes during adolescence, including antisocial behaviours and problematic alcohol or
substance use.

Objective 3:

Research question: Do tree models have an advantage over logistic regression in predicting
suicidal thoughts and further, is there a preferred methodological approach to building tree
models in this context?

Hypothesis: Assuming that there are several different “ways” by which an individual may
experience increased risk, theoretically the methods that can account for multiple interactions
will likely prove to be better at predicting suicidal outcomes. Further, while there is some
debate about the most appropriate methodological approach to building predictive trees, they
have underlying theoretical similarities and thus may not prove to provide dramatically
different results.

Objective 4.

Research Question: Are the predictive models valid in a second cohort and able to
accurately predict suicidal thoughts in adolescence?

Hypothesis: While prediction rules frequently do not perform as well in a different cohort
than the one from which they were originally defined, high-risk groups will still be
identifiable in a second cohort based on predictive models derived from the first cohort.

What gap is this filling:
Past research has shown that suicidal thoughts, behaviours, and deaths are complex

phenomena, resulting from multiple factors. Even in light of a rich body of risk factor
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research on suicidality, to date, few studies have considered the risk factors simultaneously
in order to detect high-risk groups. While research has linked a multitude of factors to
suicidality, a limitation of much of the risk factor research is that there is a tendency to
consider a small number of covariates. This approach does not adequately account for the
dose-response relationship between the number of adversities experienced and the
probability of adolescent suicidality or the interplay between risk and protective factors
(94,142). Analysis must be able to account for this complexity in order to estimate the
predictive probability of adolescent suicidality.

This approach allowed for the consideration of both individual and environmental
factors that are associated with the development of suicidal thoughts, and it has shed light on
the organization and interaction of these factors in order to detect increased risk for
suicidality (214). Decision tree analysis was used to identify the profiles of groups of
adolescents based on their risk of suicidal ideation.

A further limitation of some of the association studies based on cross-sectional data is
that it is difficult to disentangle the relationship between risk factors and suicidal outcomes
when studied at a single point in time, as the temporal sequencing of these factors is not clear
(36). Taking a longitudinal approach to the study of suicidal ideation is important to
understand its predictive factors. This research used longitudinal data, which fills a gap
identified by Waldrop (2007): “future studies should utilize longitudinal designs to identify
more carefully subgroups of adolescents who are at risk for future suicide attempts” (99).

While the predictive value of early life factors may be lower than factors more
proximally associated with suicidal ideation, investigating early life predictors created an
opportunity for upstream interventions to be developed that target individuals or groups most

at risk of later suicidal thoughts. Information about individual, family, or environmental risk
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factors for suicide and other negative health outcomes may provide useful information in the
development of prevention strategies for children identified as high risk (99). This has
particular potential if the research is able to support the multifinality hypothesis, which may
provide a rationale to expand from a narrow focus on suicide prevention and instead focus on
assisting children and youth at increased risk in order to enhance multiple health outcomes,
potentially providing support for comprehensive intervention programs.

From a methodological perspective, this research compared the use of tree models
(both Chi-square Interaction Detection and Classification and Regression Trees) and logistic
regression in order to discuss the differences between these approaches and the

appropriateness of these statistical methods for investigating this research question.
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Chapter 2: Methods — NLSCY analysis

2.1 Study design

The National Longitudinal Survey of Children and Youth (NLSCY') was used for the
first three objectives in this research project. The NLSCY, conducted by Statistics Canada
and Human Resources and Skills Development Canada, was a long-term study of Canadian
children which followed their development from childhood (between 0 and 11 years of age)
to early adulthood (215). It started in 1994/1995 (Cycle 1) and collected information
biennially on health, physical development, social environment, and general well-being until
2008/2009 (Cycle 8) (215). The survey includes children from Canada’s ten provinces,
excluding children living on reserves or crown lands, residents of institutions, full-time
members of the Canadian Armed Forces, and residents of some remote regions and
representative of Canadian children and youth at the initiation of the study.

The NLSCY uses a complex survey design, based on the Labour Force Survey’s
sampling frame. For the first collection, 25,000 children between 0-11 were selected from
the 10 provinces, plus 2,300 from the territories (216). In the study design, each province
constituted an independent sample, and the sample was allocated to ensure there was
sufficient numbers in each province to provide reliable provincial estimates for all children.
The multi-stage cluster design meant the data were clustered in a hierarchal way, where each
province was broken down into two parts — large cities and rural or small urban areas. Within
these strata, clusters of dwellings were identified (including city blocks) and households
were selected from these clusters (219). In order to maintain an emphasis on young children,
this sample was divided into 7 age groups (0-11 months, 1 year, 2-3 years, 4-5 years, 6-7

years, 8-9 years, and 10-11 years) to ensure that nationally representative estimates could be
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derived in each age group for characteristics that had a minimum prevalence of 4%
(217,218).

The study was conducted in eight cycles and consists of a number of components.
These include a child component for 0-11 year olds, where the respondent is the person most
knowledgeable (PMK) about the child, which was usually the mother (in cycle 1, 91.3% of
the PMK was the mother); an adult/general component completed by the PMK or the spouse
of the PMK for children; a self-completed questionnaire for 10-17 year olds; a series of
cognitive tests testing learning and development at various ages; and finally a youth
component completed by youth ages 16 and above (215,217,220-225). For more details

about the NLSCY, see Appendix 3.

2.2 Study population
For this study, participants aged 0-5 years in cycle 1 were included and followed

through the remaining cycles until age 14-19.

Table 2.1 NLSCY cycles, years, participant ages, and measures

Cycle Year  Participant What is measured
ages

Cycle 1 1994 0-5 Predictors for participants aged 0-5
Cycle 2 1996 2-7 Predictors for participants 2-5 years
Cycle 3 1998 4-9 Predictors for participants aged 4-5 years.
Cycle4 2000 6-11 N/A
Cycle 5 2002 8-13 Outcomes for participants aged 12-13
Cycle 6 2004 10-15 Outcomes for participants aged 12-15
Cycle 7 2006 12-17 Outcomes for participants aged 12-17
Cycle 8 2008 14-19 Outcomes for participants aged 14-19

In order to answer the study objective, this cohort was chosen based on the availability of
predictive factors in early life and participation in the later self-completed surveys for youth.

This cohort was selected because they were asked questions about both early life
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characteristics and conditions, and adolescent outcomes, including at least one response to
the suicide questionnaire, which is asked of participants starting at age 12. The unweighted
sample size for this study was 6,388.

Figure 2.1 Study population and analysis cohort, NLSCY CONSORT flow diagram

Study participants in cycle 1
(n=22,831)

Excluded
Participants >age 5 in
cycle 1 (n=10,498)
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(n=12,333)
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Did not provide valid
response to suicide
module (n= 5,945)

Participants in analysis sample
(n=6,388)

In total, 15,579 households were selected to participate in the NLSCY. Out of these selected
households a response was obtained for 13,439 which results in an overall response rate of

86.3% (221). Participants over the age of 5 in cycle 1 were excluded, as were those who did
not have at least one valid response to the suicidal ideation question during cycles 5, 6, 7, or

8.

2.3 Materials

2.3.1 Predictors
Predictor Variables: This research considered 75 possible risk and protective factors

in the pre- and post-natal, individual, familiar, interpersonal, and environmental domains for

inclusion in the predictive model. Predictive factors included information collected from the
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mother and direct measures, focusing on information collected at ages 4 and 5 as well as
important information from early life that could be recalled in a screening situation.

For some measures, any experience with the factor during the predictor cycles 1-3
was considered to be exposure (for example, any reporting of low income during the first 5
years of life was coded as experiencing poverty). For other measures that were asked during
multiple cycles, only the response solicited when the child was 4-5 years old was included in
the model (for example, child’s general health was measured in multiple cycles, but for the
purpose of this model, only the measure taken at 4-5 years was considered).

All predictors were dichotomized (yes/no) with an additional category for missing
data. For several of the predictors with a small number of missing values (<4%), instead of
coding a missing category, missing values were combined with the “no” category. For
example, those who reported being an immigrant were coded as 1, and those who did not
report immigrant status (either said ‘no’ or did not provide a response) were not considered
to be an immigrant. The following are the variables for which “missing” values were
combined with those who responded “no”: race=white (n=170, 2.7%), race=aboriginal
(n=170, 2.7%), immigration (n=5, 0%), child general health (n=193, 3.0%), physical activity
(n=200, 3.1%), chronic conditions (n=60, 0.9%), pain and discomfort (n=203, 3.2%), activity
limitation (n=203, 3.2%), injuries (n=197, 3.1%), teenage status of parents at birth (n=127,
2.0%), PMK immigrant status (n=24, 0.4%), college/university graduate (n=1, 0.0%), single
parent status (n=237, 3.7%), intact family (n=110, 1.7%). This decision to group ‘no’ and
‘missing’ did not change the most predictive variable splits. See Appendix 4 for details about

predictor variables and how they were dichotimized.
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Pre- and post-natal predictors

Due to the link between pre- and post-natal factors and suicidal outcomes in later life,
11 predictors measuring aspects of the pre- and post-natal period were included in the
predictive models, including prenatal medical problems, prenatal substance use (smoking
cigarettes, drinking alcohol, prescription drug use, over-the-counter (OTC) drug use), low
birth weight, prematurity, infant special medical care after birth, maternal hospitalization
after birth, post-partum depression, and breastfeeding.

Individual predictors

A large body of research discusses the numerous individual factors that have been
linked to later suicidal ideation and behaviours. These include socio-demographic factors,
including gender, racial/ethnic background, immigrant status, and rural/urban residence.
While considering racial background, including Aboriginal status, is important to note that
the sampling frame of the NLSCY excluded Aboriginal peoples living on reserve. As such,
this variable provides an incomplete picture of Canadian Aboriginal people and may not
fully represent the differential risks of suicidality faced by Aboriginal peoples.

The presence of psychopathology has been shown to a strong predictor of suicidal
ideation; however considering the appearance of these disorders later in childhood,
adolescence, or adulthood, the individual’s experience of a mental illness will not be
included as a predictor in the model. Instead, symptoms of internalizing and externalizing
difficulties were included, as they may be precursors to later difficulties. Mothers were asked
to report on the child’s behaviour at age 4-5, as measured by behaviour scales that estimate
internalizing problems/hyperactivity, conduct problems/externalizing behaviour, indirect
aggression, anxiety/emotional disorders, and prosocial behaviours. More details about the

behaviour scale are in Appendix 4. Other measures of health status were also included,
36



including child’s general health, physical inactivity, presence of chronic conditions, report of
pain and discomfort, injuries, and presence of activity limitation at age 4-5. To get a measure
of participation in activities outside the home, mothers were asked a series of questions about
their child’s participation in various activities, including early childhood activities, sports
(with or without a coach), gymnastics, dance, arts, drama, music, guides, scouts and/or other
clubs. Also, to get a measure of school readiness, cognitive function, and developmental
delay, 4-5 year old children completed the age-standardized Peabody Picture VVocabulary
Test — Revised (PPVT-R).

Stressful life experiences were also measured throughout early childhood. At each
measurement occasion, mothers were asked to report if their child had experienced any
events that caused stress or worry. Those who reported a stressful event were further asked to
indicate the cause of the stressful event experienced, including death of a parent, death of a
family member, divorce or separation, move, hospital stay, other separation from parents,
injury or illness of the child, injury or illness of family member, abuse or fear of abuse,
change in household members, alcoholism, mental health problem in the family, and/or
conflict between parents. Participants were classified as ‘yes’ to any of these stressful life
events reported and ‘no’ to ones the mothers did not report. Mothers were also asked to
report on the child’s exposure to adults hitting/fighting, or if the child was exposed to
violence on TV.

Family predictors

Family composition, relationships, and parenting have also been the focus of much
suicide research and there are a number of factors that have been linked to increased rates of
suicidal ideation, behaviours, and deaths. Demographic characteristics of the parents were

measured throughout early childhood (0 — 5 years), including age of biological parents at
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birth, the age group of the mother, socioeconomic status (as measured by the ratio of the
household income to the low-income cut-off), education level, employment status, housing
tenure (rented vs. owned), immigrant status of the mother, and religious affiliation and
participation in religious activities. Family structure was also measured using two variables:
single parent status and intact vs. blended family status.

Parental health was also considered as a predictor for the model, including parental
general health, presence of chronic conditions, activity limitation for the mother and her
spouse/partner, and parental smoking and binge drinking. Maternal depression was also
measured using the reduced version of Radloff’s National Institute of Mental Health’s Centre
for Epidemiological Studies Depression scale (CES-D).

Parenting style was also assessed using parenting scales, which have several sub-
scales. Parenting style was characterized by level of positive interactions between parent and
child, level of inconsistency in parenting, use of a hostile/ineffective parenting style, or use
of a punitive/aversive parenting style. A global assessment of family functioning was also
included to measure level of dysfunction.

Interpersonal predictors

Several measures of interpersonal relationships were included as potential predictors,
as there is a large body of evidence linking social relationships and social skills to suicidal
outcomes. Predictors included perceived social support as reported by mother or the
spouse/partner, changes in childcare arrangements, parental participation in volunteer

activities, and a measure of the child’s social skills, as reported by their teacher.
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Environmental predictors
Two measures of neighborhood environment were included as possible predictors in
the models, including a measure of neighbourhood cohesion and a measure of

neighbourhood safety.

2.3.2 Primary outcome — suicidal ideation

Suicidal ideation: Beginning at age 12, study participants were asked “In the past 12
months, did you seriously consider attempting suicide [emphasis in the original]?” (yes = 1,
no = 0). This question was part of a series of questions about suicide and was adapted from

the British Columbia Adolescent Health Survey (223).

2.3.3 Secondary outcomes — negative health and social outcomes

The predictive factors for suicidal thoughts might be markers of a difficult life for
children, and might be able to predict other negative health and social outcomes in
adolescence. Thus, secondary outcomes were considered, estimating other adverse outcomes
in adolescence, including antisocial behaviour, substance misuse, poor physical health, poor
mental health, risky health behaviours, and poor academic performance. These were also
asked in the self-complete questionnaire by the youth, and are defined below. Additional
details on the questions and coding are included in Appendix 5.

Antisocial behaviour: Antisocial, risky, or illegal behaviours were assessed using
the ‘Risky Behaviours’ questionnaire included on the NLSCY. Participants were asked how
frequently in the past 12 months they ‘were questioned by the police’, ‘ran away from
home’, ‘stayed out all night without permission’, and ‘intentionally damaged or destroyed
anything that didn’t belong to you’. For these four items, 1= ‘3 or 4 times’ or ‘5 times or

more’ and 2= ‘never’ or ‘once or twice’. Participants were also asked if they ‘fought with
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someone to the point where they needed to care for their injuries’, ‘carried a weapon for the
purpose of defending yourself or used it in a fight’, ‘sold any drugs’, ‘attempted to touch
anyone in a sexual way while knowing they would probably object to this’, and ‘were part of
a gang that broke the law’. For these items, any report (‘once or twice’, ‘3 or 4 times’, ‘5
times or more’) was coded as 1 and ‘never’ as 2.

Substance misuse: Participants were asked a series of questions about substance use.
Participants were considered to have substance misuse if they endorsed use of the following
substances at the following frequencies: cigarettes (daily or weekly use), alcohol (daily or
weekly use), marijuana (once or twice a month or more frequently), hallucinogens (ever
used), glue (ever used), prescription medications to get high (ever used), or other drugs such
as ecstasy, crack, cocaine, heroin, and speed (ever used). Any participant reporting use of at
least one of the above substances were coded as 1 while those who did not report substance
misuse were coded as 2.

Poor physical health: Participants were asked to report on their general health as
well as the frequency of common physical health complaints, including headache,
stomachache, and backache. Those who reported their general health to be “fair” or “poor”
were considered to have poor health (coded as 1), as were anyone who reported headaches
and/or stomachaches and/or backaches “most days.”

Poor mental health: Participants were asked a series of questions on symptoms of
depression and anxiety, and derived depression and anxiety scores were generated.
Participants scoring above the thresholds for either disorder, meaning 9-36 on the depression
scale, or 8-16 on the anxiety and emotional disorders scale, indicates that the participant has

symptoms consistent with a clinical diagnosis of depression or anxiety from the DSM-IV
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(226). Those with depression, anxiety, or both were coded as 1, while those who had scores
below the cut-off for both disorders were coded as 2.

Risky health behaviours: Several items were used to categorize participants as
participating in risky health behaviours, including ‘operated a motor vehicle after drinking or
doing drugs’ (‘3 or 4 times’ or ‘5 times or more’), ‘being a passenger in a vehicle after the
driver drank or used drugs’ (‘3 or 4 times’, ‘5 times or more’), ‘use a seat belt when riding in
a car’ (‘seldom/never’, ‘no seatbelt where I sit”), ‘have sexual intercourse without protection’
(“yes” — asked of 16-19 year olds), or ‘use a condom during sexual intercourse last time’
(“no” — asked of 14-15 year olds).

Poor academic outcomes: Participants were classified as having poor academic
outcomes if they felt they were doing ‘poorly’ in their school work or if they reported any of
the following items at the listed frequencies: ‘skipped a day of school without permission’
(‘3 or 4 times’, ‘5 times or more’), ‘been suspended from school’ (‘once or twice’, ‘3 or 4

times’, ‘5 times or more’), ‘dropped out of school’ (‘yes’).

2.4 Statistical analysis

Recursively-partitioned tree-based models were built in order to find the best
combination of predictor variables that predict suicidal ideation in adolescence. First, a Chi-
Square Interaction Detection (CHID) tree was built and second, a Classification and
Regression Trees (CART) model was built. A logistic regression model, using stepwise
selection was also built to compare tree-based methods to more traditional statistical
modeling.

Decision trees models are composed of a root (or “parent’’) node that includes the

entire sample of participants, which is split into two child nodes based on the predictor (the
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independent variable) that best explains variance in the dependent variable and is able to
divide the population into a group with or without suicidal ideation. These child nodes, in
turn, become parent nodes and the recursive binary segmentation is continued in each of the
branches, continuing to divide each parent node into two (or more) child nodes until a
stopping rule has been met or until there is no further gain in predictive efficiency/ability.
One of the most common stopping rules in the literature is to set the minimum number of
participants in each node to avoid over-fitting the model. Conventionally, the minimum node
sides (nmin) is often set to 5, however, there are many examples where the minimum number
of participants is increased in order to increase the accuracy of the model (14). The final
node is called the “terminal node” and it represents the overall profile of a unique subgroup
of individuals. From a statistical perspective, decision trees represent multiple interactions
between independent variables, where as you move further form the root node, the higher the
order of interaction (198). Thus, the decision tree approach allows you to consider the
interactions between multiple independent variables in order to explain the variance in the
dependent variable. However, the main disadvantage of tree-based approaches is that they
tend to over-fit models to the data and they may create unstable trees, meaning minor
modifications to the sample might lead to dramatic changes in the decision tree (200).

Two approaches to building decision trees are Chi-square interaction detection
(CHID) and Classification and Regression Trees (CART). While the underlying basic format
of the trees is the same (as described above), the statistic used to determine splits varies
between these two approaches. In CHID, each parent node is split based on the variable with
the largest Chi-square value in order to divide the parent node into two groups that differ
with respect to the dependent variable, with splitting rules about the required significance

level and minimum node sizes to determine when to split and when to stop. This approach
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has been used to create manual trees (204) and it has been incorporated in some statistical
packages to be automatically generated, including SPSS’s Chi-square automatic interaction
detection (CHIAD) analysis tool (201). In contrast, CART models are built using an impurity
statistic (usually the Gini impurity statistic) in order to determine which variable would
minimize the node impurity or heterogeneity in the child nodes (203). The Gini statistic aims
to maximize the homogeneity in the child nodes and chooses the variable that is able to
decrease heterogeneity the most. This approach closely aligns with the methodology initially
proposed by Brieman et al (1974) in the seminal work on decision tree modeling. CART
modeling is done through automatic software packages, including R and SPSS. CART
models are also able to include continuous variables, and the most predictive cut-off points to
be identified using receiver operator characteristic curves that balance sensitivity and
specificity groups (227). Additionally, CHID and CART differ in the treatment of missing
data. CART software keeps missing data with the majority, while manual CHID has the
advantage of keeping missing data separate as an informative category in the model. This is
useful as the missing category for some variables may have unique characteristics that are
interesting to investigate and meaningful in real-world settings. While these approaches are
similar and may result in similar models, some have argued that the use of the Gini statistic
is more replicable and more non-parametric than the use of the Chi-square statistic for
determining splits, because Chi-square interaction detection trees are not distribution-free as
CART models. Thus some have argued that CART models provide an improvement to Chi-
square interaction detection approaches (228). Further, the automatic CART models have
additional features including the use of surrogate splits and automated pruning features,
which may increase the replicability of the results. It has been suggested that Chi-squared

approaches are more useful for describing relationships whereas CART approaches are better
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suited to creating predictive models; however, theoretically, the increase in homogeneity
measured by the Gini should be basically proportional to the Chi-square statistic of
independence, making this distinction between “prediction” and “explanation” somewhat
superficial. In this research, both CHID and CART were used and the models were
compared. The true predictive value of these approaches were assessed using independent
data from the data used to build the models, to uncover any relative advantage of one
approach over the other (200). They will also be compared to traditional stepwise regression
in order to see if in the prediction of suicidal thoughts using non-parametric approaches had

an advantage over traditional regression models.

2.4.1 Chi-square interaction detection in SAS

For this analysis, classification trees were built using Chi-square values to determine
the significant predictors for the model splits. The following splitting and stopping rules
were established to guide model building:

e To avoid over-fitting the model, the smallest allowable child node (nmin) was set at

64 individuals, representing approximately 1% of the overall sample (200,204).

e The minimum size of a parent node to permit further splitting was set at 128

individuals or 2 X Nmin.

These rules are more conservative than much of the literature, where the minimum child
node size has been set at 5-10 participants (14). These minimum node sizes also follow the
disclosure guidelines for NLSCY data, which require minimum group sizes for estimates to
be of acceptable quality for release (221).

All of the potential predictors were entered into the model and Chi-square tests were

run for each of the possible predictors. The predictor with the largest Chi-square value (and
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p-value <0.05) was selected to split the first parent node into two child nodes. If the largest
predictor created an inadmissible split (by creating a child node with fewer than 64
individuals), the next largest predictor was selected. This process was continued until no
additional segmentation was possible, arriving at terminal nodes.

The maximal model was built, splitting all parent nodes until no further splits were
possible. In the maximal tree, terminal nodes were assessed as ‘high’, ‘moderate’, or ‘low’
risk of suicidal thoughts. As there is no agreed rating system for establishing the severity of
suicide risk and suicide ideation, nodes with greater than twice the base prevalence rate of
suicidal ideation were designated as ‘high risk.” Similarly, nodes with less than half (50%)
the base rate of suicidal ideation were deemed ‘low risk’, and finally, any nodes with
prevalence of suicidal ideation between these two cut-offs were said to have ‘moderate’ or
average risk of suicidal ideation (35). This use of two cut offs was described by Monahan et
al (2000) and was also used by Afonso et al (2012) to stratify patients into high, moderate,
and low risk groups (197,201).

Branches of the tree were pruned from the maximal model based on predictive
efficiency and clinical significance so that if the subsequent splits did not change the
designation of the nodes between these three levels, the tree was pruned back to the parent
node after which no further differentiation in level of risk occurred in the child nodes. For
example, if the parent node was designated as “low risk™ and all the splits following that
node continued to differentiate the child nodes all at “low risk” as well, the tree was pruned
to the parent node. This use of manual splitting was described by Afonso et al (2012) (197).

For this analysis, SAS version 9.3 was used (229).
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2.4.2 Classification and regression trees in R

In order to compare the different approaches to tree-building, Classification and
Regression Tree (CART) models were built using the RPART program in R. This process
aimed to maximize the homogeneity of the child nodes and used the Gini coefficient to
measure the impurity of parent nodes. The Gini measures the distribution of the dependent
variable class within each node. With maximal impurity, the node is completely mixed, and
includes individuals with and without the outcome, while a completely pure node only has
individuals with one class (230). The goal of splitting is to divide the sample into pure,
homogeneous nodes that contain only individuals with one outcome for the dependent
variable, which, in this case means moving toward nodes that only contain individuals with
suicidal thoughts and other nodes that only contain individuals who do not have suicidal
thoughts. The variable that was selected at each split is the one that maximizes the
homogeneity of the child nodes, resulting in the largest change in the impurity level (200).
The RPART program automatically considers all possible variables and selects the one that
would maximize the change in impurity for each split. In order to be comparable to the
CHID tree, nmin Was set at 64 and after the maximal tree was built, manual pruning, as
described above, was used to prune branches back to where they no longer differentiated
between ‘high’, ‘medium’ or ‘low’ risk. This analysis was completed using R version 3.0.3,

and the RPART package (231).

2.4.3 Logistic regression using stepwise model building in SAS
The 76 predictors were entered into a multiple logistic regression model to see what
the best fit was and to assess the strength of prediction between using multiple logistic

regression methods versus a decision tree. PROC LOGISTIC was used to create a model
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using stepwise selection, modeling suicidal ideation as the outcome of interest. Stepwise
regression models were created and model fit was confirmed with the Hosmer-Lemeshow
goodness-of-fit test. These covariates included in the stepwise regression model were
compared to those included in a backward selection model to ensure the model results were

stable (results not shown). For this analysis, SAS version 9.3 was used (229).

2.5 Statistical tools, weights, outcomes, and exposures

Analysis was conducted using SAS version 9.3 (229) and R version 3.0.3 (231). As
the NLSCY was a probability sample, sample weights were used to make effective use of the
data and to generate valid estimates. Both CHID and CART models were conducted using
longitudinal weights for the calculation of the prevalence of suicidal thoughts and the Chi-
square values for the predictors. The last available longitudinal weight was used for each
participant. Longitudinal weights for cycle 8 were used for all those who were included in
the last cycle. For those who did not participate in cycle 8, longitudinal weights were
calculated based on the last available survey point (cycle 7, cycle 6, or cycle 5). The
longitudinal weighting strategy from Statistics Canada was based on a series of cascaded
adjustments, where the initial weight was adjusted for non-response and post-stratification to
generate the longitudinal weights (225).

Based on the final tree results, the sensitivity, specificity, positive predictive value,
and negative predictive value was calculated based on high-risk vs. not high-risk, as
classified by the models. Additionally, using the high-risk cut-off, calculated in the previous
analysis, the sensitivity, specificity, positive predictive value and negative predictive value

was calculated for the use of the models in predicting other adverse outcomes in adolescence,
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including antisocial behaviour, substance misuse, poor physical health, poor mental health,

risky health behaviours, and poor academic performance.

2.6 Ethics approval
Research was approved by Ottawa Health Science Network Research Ethics Board

(Appendix 3).
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Chapter 3: Results

3.1 NLSCY Descriptive statistics
The final sample size was 6,388 and the prevalence of reported suicidal ideation was

12.0% (weighted). Of the study sample, 49.5% were girls and 50.6% were boys. Suicidal
ideation was higher among girls (15.6%) compared to boys (8.5%). The prevalence of
suicidal ideation varied according to most of the predictor variables. Table 3.1 shows more
detailed demographic characteristics of the study population, important risk factors, and the

weighted proportion with suicidal ideation according to key factors.

Table 3.1 Demographic and health characteristics of population in the NLSCY, n=6,388

Time of N (un- % % (weighted)
data weighted) (weighted) with suicidal
collection ideation (SI)
Gender Study
Girl  enrollment 3,190 49.5 15.6
Boy 3,198 50.5 8.5
Prenatal problems Cycle 1
Yes — at least one 741 8.0 11.9
No problems 1,517 18.6 8.4
Missing 4,130 73.4 12.9
Use of over-the-counter drugs Cycle 1
during pregnancy
Yes 676 7.6 10.8
No 1,583 19.0 8.9
Missing 4,129 73.4 12.9
Breastfeeding Cycle 1,2
Yes — was breastfed 1,884 22.7 8.9
No — never breastfed 589 6.7 11.0
Missing 3,915 70.6 13.1
Child injured 4-5 years
Yes 626 9.2 14.2
No 5,762 90.8 11.8
Child has a condition that 4-5 years
prevents/limits participation
Yes 167 3.2 20.9
No 6,221 96.8 11.7
Child’s development (PPVT score) 4-5 years
Delayed development 2,433 45.0 12.0
Normal development 3,955 547 12.0
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Stressful event (ever)
Yes
No
Death in the family
Yes
No
Mother in youngest age group at
birth
Mother <25 years at birth
Mother >25 years at birth
Mother in oldest age group at birth
Mother <40 years at birth
Mother >40 years at birth
Single parent status
Single parent
Lived with two parents
Mother’s volunteer status
Does not volunteer
Volunteers
Missing
Participates in religious activities
No
Yes
Family composition
Blended
Intact
Immigrant status of mother
Mother was immigrant
Mother not immigrant
Household income ever below the
Low Income Cut-Off (LICO)
Ever below LICO
Never below LICO
Mother or spouse ever unemployed
Yes
No
Missing
Mother has graduated high school
No
Yes
Mother has graduated from
university or college
No
Yes
Housing tenure
Rented (ever)
Always owned
Current smoking status of mother
Daily/occasional smoker
Non-smoker

Birth-5
years

Birth-5
years

Cycle 1

Cycle 1
Birth-5
years

4-5 years

4-5 years
4-5 years
Birth-5
years
Birth-5

years

Birth-5
years

Birth-5
years
Birth-5
years
Birth-5
years

4-5 years

2,488
3,900

701
5,687

1,386
5,002

146
6,242

1,314
5,074

2,342
1,929
2,117

3,873
2,515

1,367
5,021

649
5,739

2,044
4,344

1,695
4,127
566

1,290
5,098
3,968
2,420

2,198
4,190

1,994
4,394

40.5
59.5

114
88.7

17.9
82.1

3.6
96.4

22.9
77.1

355
27.4
37.1

55.9
44.2

240
76.0

18.0
82.0

35.7
64.3

26.5
65.2
8.3

21.9
78.1
63.2
36.8

37.8
62.2

29.6
70.4

15.4
9.7

16.6
114

14.7
114

11.7
12.0

16.7
10.6

10.5
11.9
13.6

11.0
13.3

15.6
10.9

9.6
125
135
11.2

9.8
125
15.2
12.7
11.8
12.3
11.5

13.8
10.9

14.7
10.8
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Current binge drinking status of
mother
Mother reported at least one binge
drink occasion
Mother did not report binge
drinking
Hostile or ineffective parenting
Yes
No
Missing
Inconsistent parenting
Yes
No/Missing
Punitive/aversive parenting
Yes
No/Missing
Child sees violence on TV
Often, sometimes, seldom
Never
Child changed main childcare
arrangement in past 12 months
Yes
No
Missing
Neighbourhood cohesion
Low
Medium/high
Missing
Neighbourhood safety
Low
Medium/high

4-5 years

4-5 years

4-5 years

4-5 years

4-5 years

4-5 years

Cycles 1,3

Measured
once
between 0
— 5 years
(Cycle 1)

1,990

4,398

739
4,222
1,427

989
5,399

1,318
5,070

3,678
2,710

1,651
971
3,766

1,297
4,104
3,766

1,299
5,089

275

725

12.8
64.5
22.8

16.1
83.9

20.1
79.9

56.0
44.0

22.8
154
61.8

21.9
60.9
17.1

26.0
74.0

14.6

11.0

11.9
12.3
11.2

9.2
125

13.5
11.6

12.8
11.0

12.2
125
11.8

13.2
11.8
11.2

121
12.0

3.2 Chi-square recursive partitioning

A Chi-square interaction detection tree model was built by starting with the full

sample and splitting based on the largest Chi-square value to create two child nodes. This

analysis was conducted to try to classify participants as either having suicidal ideation or not

having suicidal ideation. The initial nodes showed that 12.0% of participants reported

suicidal thoughts. The strongest predictor of suicidal thoughts was gender, which formed the

first split in the CHID tree model, with girls having a higher rate of suicidal thoughts than
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boys (15.6% and 8.5% respectively). Among girls, the most significant variable was the
experience of a stressful life event, with those who had experienced a stressful life event at
higher risk of suicidal ideation than those who did not. Among boys, the experience of
activity limitation from a chronic condition was the first splitting variable, with those with an
activity limitation at increased risk compared to those with without one. Figure 3.1 shows the

full CHID model. Due to the size of the tree, it has been divided across several pages.
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Chi-Square Interaction Detection tree model (CHID), NLSCY, n (unweighted) and rate of suicidal ideation (weighted)

Figure 3.1
Overall Females Legend
n=_6,3880 n:3,91g High-risk Medium-risk Low-risk
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Figure 3.1 (continued) Chi-Square Interaction Detection tree model (CHID), NLSCY, n (unweighted) and rate of suicidal ideation (weighted)

- -
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Figure 3.1 (continued) Chi-Square Interaction Detection tree model (CHID), NLSCY, n (unweighted) and rate of suicidal ideation (weighted)
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Figure 3.1 (continued) Chi-Square Interaction Detection tree model (CHID), NLSCY, n (unweighted) and rate of suicidal ideation (weighted)
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The maximal model was built, splitting each node based on the variable with the highest Chi-

square value that satisfied the parameters of the model (minimum node side n=64, p>0.05).

The tree was pruned to the node after which there was no further differentiation between low

(0-6%), medium (6.1-23.9%), and high (24.0% or over) risk categories. After pruning, the

tree identified 42 terminal nodes, which were classified into 8 high-risk, 29 medium-risk, and

12 low-risk nodes.

Below are the profiles of 8 high-risk subgroups that were identified by the model:

Table 3.3 Profiles of high-risk subgroups in Chi-square Interaction Detection tree model
(CHID), NLSCY
CHID % with Characteristics
high-risk  suicidal
subgroup ideation, n
CHID 40.6%, e  Female
subgroup  n=84 e  Stressful life experience reported (between 0 and 5 years)
1 o Mother was under age 25 at birth (youngest age category)
o Family member died (between 0 and 5 years)
CHID 31.9%, o Female
subgroup  n=103 o Stressful life experience reported (between 0 and 5 years)
2 e Mother was 25 or older at birth
o No information on prenatal problems
o Mother did not report current binge drinking (at 4-5
years)
o Lived in a rental dwelling (between 0 and 5 years)
o Intact family (at 4-5 years)
CHID 31.1%, ° Female
subgroup  n=126 e Stressful life experience reported (between 0 and 5 years)
3 o Mother was 25 or older at birth
o No information on prenatal problems (missing)
o Mother reported current binge drinking (at 4-5 years)
o Medium or high social support
CHID 30.4%, . Female
subgroup  n=129 e Stressful life experience reported (between 0 and 5 years)
4 e Mother was under age 25 at birth
o No family death
o Mother reported current smoking (at 4-5 years)
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CHID 30.0%, . Female
subgroup  n=131 o No stressful life experience reported (between 0 and 5
S years)

o Single parent status (between 0 and 5 years)

o Exposed to violence on TV (at 4-5 years)
CHID 27.7%, . Female
subgroup  n=121 No stressful life experience reported (between 0 and 5
6 years)
No single parent status (between 0 and 5 years)
Mother reported current smoking (at 4-5 years)
Consistent parenting (at 4-5 years)
Did not participate in religious activities (at age 4-5)
Male
Child did not have an activity limitations (at 4-5 years)
No information on prenatal smoking (missing)
Stressful life experience reported (between 0 and 5 years)
Mother reported current binge drinking (at 4-5 years)
Mother did not report current smoking (at 4-5 years)
Medium/high level of social support

CHID 27.4%,
subgroup  n=83
7

CHID 24.6%,
subgroup n=76
8

Female

Stressful life experience reported (between 0 and 5 years)
Mother was 25 or older at birth

Prenatal problems

3.2.1 Sensitivity, specificity, positive predictive value, negative predictive value of CHID
tree model for suicidal ideation, NLSCY

Sensitivity, specificity, positive predictive value, and negative predictive value were
calculated based on the risk-cut offs (discussed earlier) of 24%, which is twice the base rate
in the overall population, to assess the predictive ability of this model. All subgroups
classified as “high risk” were combined and any medium-risk and low-risk nodes were

combined for this analysis.
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Table 3.4 Sensitivity, specificity, positive predictive value, negative predictive value for
CHID-derived high-risk classification, NLSCY

Proportion  95% ClI

Suicidal ideation

Sensitivity 24.2 21.2,27.2

Specificity 89.8 89.0,90.6

Positive Predictive Value 24.7 21.7,27.8
Negative Predictive Value 89.5 88.7,90.3

3.3 CART tree (inR)

The same predictive variables were entered into the RPART package in R to create a
predictive tree. The full sample was included and split using the Gini statistic, measuring the
level of impurity/heterogeneity within each node. The minimum node size (minbucket) was
set at n=64 and results were weighted using longitudinal weights. As with the earlier
analysis, we found that the strongest predictor of suicidal ideation was gender. Among
females, the most predictive variable was the experience of stressful life experiences and
among males the age of the person most knowledgeable was most significant. Splitting was
continued to again build the maximal model that satisfied the a priori parameters. The tree
was pruned to the node after which there was no further differentiation between low (0-6%),

medium (6.1-23.9%), and high (24.0% or over) risk categories.
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Classification and Regression tree model (CART), NLSCY, n (unweighted) and rate of suicidal ideation (weighted)

Figure 3.2
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Figure 3.2
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Classification and Regression tree model (CART), NLSCY, n (unweighted) and rate of suicidal ideation (weighted)
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Figure 3.2
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Figure 3.2 Classification and Regression tree model (CART), NLSCY, n (unweighted) and rate of suicidal ideation (weighted)
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After pruning, the tree identified terminal nodes, which were classified into 9 high

risk, 30 medium risk, and 13 low risk nodes. Table 3.5 shows the profiles of 8 high-risk

subgroups that were identified by the model:

Table 3.5 Profiles of high-risk subgroups in Classification and Regression Tree model
(CART), NLSCY

CART % with suicidal Characteristics
high-risk ideation, n
subgroup
CART 40.6%, n=84 e Female
subgroup o Stressful life experience reported (between 0 and 5
1 years)

e Mother was under age 25 at birth (youngest age

category)

e Family member died between 0 and 5 years
CART 39.4%, n=74 e Female
subgroup o Stressful life experience reported (between 0 and 5
2 years)

e Mother was 25 or older at birth

e No prenatal problems reported

e Punitive/aversive parenting style (at 4-5 years)
CART 30.9%, n=83 e Female
subgroup o Stressful life experience reported (between 0 and 5
3 years)

e Mother was 25 or older at birth

e No prenatal problems

¢ No punitive/aversive parenting (at 4-5 years)

e Mother did not have a college/university degree

e Mother or spouse reported an activity limitation

(between 0 and 5 years)

CART 30.7%, n=81 e Female
subgroup o Stressful life experience reported (between 0 and 5
4 years)

Mother was 25 years or older at birth

No prenatal problems reported

No punitive/aversive parenting (at 4-5 years)

Mother did not have a college/university degree
Mother or spouse did not report an activity limitation
(between 0 and 5 years)

No death in the family (between 0 and 5 years)

e Lived in a rental dwelling (between 0 and 5 years)
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CART

30.4%, n=129

Female

subgroup o Stressful life experience reported (between 0 and 5
S years)

e Mother under age 25 at birth

e No family death

e Mother reported current smoking (at 4-5 years)
CART 30.0%, n=131 e Female

subgroup o No stressful life experience reported (between 0 and 5
6 years)

e Single parent status (between 0 and 5 years)

e Exposed to violent TV (at 4-5 years)
CART 27.7%, n=121 e Female

subgroup e No stressful life experience reported (between 0 and 5
7 years)
e No single parent status (between 0 and 5 years)
e Mother reports current smoking (at 4-5 years)
e Consistent parenting (at 4-5 years)
¢ Did not participate in religious activities (at 4-5 years)
CART 26.6%, n=86 e Female
subgroup o Stressful life experience reported (between 0 and 5
8 years)
e Mother was 25 or older at birth
e Prenatal problems
¢ No punitive/aversive parenting (at 4-5 years)
CART 25.3%, n=97 e Male
subgroup e Child did not have activity limitations (at age 4-5
9 years)

Blended family
Mother reported current binge drinking (at 4-5 years)
Participated in religious services (at 4-5 years)

3.6.2 Sensitivity, specificity, positive predictive value, and negative predictive value of
CART model for suicidal ideation, NLSCY

Table 3.6

Sensitivity, specificity, positive predictive value, negative predictive value for
CART model high-risk classification, NLSCY

Proportion  95% ClI

(%)
Suicidal ideation
Sensitivity 22.7 19.4,26.1
Specificity 89.2 88.4,90.0
Positive Predictive Value 17.8 15.1,20.5
Negative Predictive Value 91.8 91.1,92.6
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3.4 Stepwise logistic regression

Using more traditional methods to build predictive models, the predictors were

included in a logistic regression using stepwise selection to create prediction models. The

final model included 14 variables listed below:

Gender
Prenatal smoking
Single parent status
Child was seriously ill between 0-5 years of age
Child’s social skills (teacher rated)
Child moved between 0-5 years of age
Participation in religious activities
Conduct problems at 4-5 years of age
Inconsistent parenting at 4-5 of age

. Sees violence on TV at 4-5 of age

. Mother was a teen at birth

©oN RN RE

el ol
W N RO

. Neighbourhood cohesion score

. Change in household members between 0-5 years of age

Table 3.7 Odds ratio estimates and 95% confidence limits for stepwise selection logistic

regression, NLSCY

Effect Point  95% Wald
Estimate  Confidence
Limits
Prenatal smoking (missing vs. no) 1.358 1.100 1.677
Prenatal smoking (yes vs. no) 1.691 1.249 2.289
Gender (female vs. male) 2116 1.799 2.487
Participation in religious activities at 4-5 years (yes vs. no) 0.815 0.696 0.955
Conduct disorder at 4-5 years (yes vs. no) 1.311 1.028 1.672
Moved between 0-5 years (yes vs. no) 1524 1.088 2.135
Was ill between 0-5 years (yes vs. no) 2069 1374 3.113
Ch)ange member of the household between 0-5 years (yes vs. 1.698 1.043 2.765
no
Mother or father was a teen at birth (yes vs. no) 1553 1.045 2.306
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Effect Point  95% Wald
Estimate  Confidence
Limits
Ever part of a single parent family (yes vs. no) 1.320 1.093 1.595
Inconsistent parenting style (yes vs. no) 0.726  0.579 0.910
Exposed to violent TV at 4-5 years (yes vs. no) 1.204 1.025 1414
Teacher-rated social skills at 4-5 years (missing vs. 0.725 0.597 0.880
medium/high )
Teacher-rated social skills at 4-5 years (low vs. 1.252 0.801 1.957
medium/high)
Neighbourhood cohesion score (missing vs. medium/high) 1.045 0.839 1.303
Neighbourhood cohesion score (low vs. medium/high) 1.269 1.049 1535

Model fit was confirmed using the Hosmer-Lemeshow goodness-of-fit test. The test

showed that this was an appropriate model fit (pr>chi2=0.8701).

Table 3.8 Model fit statistics for stepwise selection logistic regression, NLSCY

Percent concordance = 64.4%

Somers D =0.295

Percent discordance = 34.9%

Gamma = 0.297

Percent tied = 0.7%

c=0.647

Using the same cut-off to determine high-risk (24%) that was used in the previous

two models, the sensitivity, specificity, positive predictive value, and negative predictive

value was calculated for the model. See Appendix 8 for further details on the calculation of

PPV and NPV. The receiver operating curve (ROC curve) was also generated for the model.
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Table 3.9 Sensitivity, specificity, positive predictive value, negative predictive value for
stepwise logistic regression derived high-risk classification, NLSCY

Proportion ~ 95% confidence interval

(%)
Suicidal ideation
Sensitivity 9.1 71,114
Specificity 96.6 96.1,97.1
Positive predictive value 26.6 21.4,325
Negative predictive value 88.7 87.9,89.5

Figure 3.1 Receiver operating curve for stepwise selection logistic regression, NLSCY

ROC Curve for Selected Model
Area Underthe Curve = 0.6474
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3.5 Results of secondary outcomes — Descriptive statistics
Prevalence estimates of adverse adolescent outcomes in the sample ranged from 11.4% (risky

health behaviours) to 26.4% (substance misuse) (Table 3.10). Suicidal ideation was higher among all
subgroups reporting one of the secondary adverse outcomes. For example, the prevalence of suicidal
ideation was 23.8% among those reporting antisocial behaviour, while it was only 7.9% among those

who did not report antisocial behaviour (Table 3.10).

68



Table 3.10 Weighted prevalence of primary and secondary outcomes, NLSCY, n=6,388

% %
(weighted) (weighted)
with Sl
Suicidal thoughts
Yes 12.0 100
No 88.0 0
Antisocial behaviour
Yes 25.7 23.8
No 743 7.9
Substance misuse
Yes 264 231
No 736 8.0
Poor physical health
Yes 156 27.1
No 845 9.2
Poor mental health
Yes 26.6 27.7
No 734 6.3
Risky health behaviours
Yes 11.4 247
No 88.6 10.4
Poor academic performance
Yes 205 245
No 79.5 8.8

3.6 Chi-square recursive partitioning model results for secondary outcomes
The CHID-derived model had identified 8 high-risk groups and 41 not-high-risk

groups (29 medium-risk and 12 low-risk) for suicidal thoughts. The classification of high-
risk versus not-high-risk was used to assess the model’s performance in predicting other
adverse outcomes in adolescence, including antisocial behaviour, substance misuse, poor
physical health, poor mental health, risky health behaviours, and poor academic
performance. The sensitivity, specificity, positive predictive value, and negative predictive
value were calculated based on the risk classification to assess the ability of the model to

predict other adverse outcomes.
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3.6.1 Sensitivity, specificity, positive predictive value, and negative predictive value of
secondary outcomes using CHID-derived model

Table 3.11  Sensitivity, specificity, positive predictive value, negative predictive value for
secondary outcomes using CHID-derived high-risk classification, NLSCY

Proportion  95% CI

Antisocial behaviour

Sensitivity 26.8 23.7,29.9
Specificity 76.7 75.6,77.8
Positive Predictive Value 13.7 12.0,15.5
Negative Predictive Value 88.3 87.4,89.2
Substance misuse
Sensitivity 64.4 61.0,67.7
Specificity 76.6 75.5,77.7
Positive Predictive Value 17.4 15.6,19.3
Negative Predictive Value 89.6 88.7,90.5
Poor physical health
Sensitivity 76.2 73.2,79.2
Specificity 84.3 83.4,85.3
Positive Predictive Value 17.4 15.1,19.6
Negative Predictive Value 88.9 88.0,89.7
Poor mental health
Sensitivity 59.9 56.4,63.3
Specificity 76.9 75.8,78.0
Positive Predictive Value 19.4 17.5,21.3
Negative Predictive Value 90.3 89.4,91.1
Risky health behaviours
Sensitivity 82.9 80.2,85.5
Specificity 89.8 89.0,90.6
Positive Predictive Value 18.9 16.0,21.8
Negative Predictive Value 88.7 87.8,89.5
Poor academic performance
Sensitivity 73.4 79.3,76.5
Specificity 81.9 80.9,82.9
Positive Predictive Value 16.9 14.8,19.0
Negative Predictive Value 89 88.1,89.8

3.7 Classification and regression model results for secondary outcomes
The CART-derived model had 9 subgroups at high-risk for suicidal thoughts and 43
that were not classified as high-risk (30 medium-risk and 13 low-risk). The classification of

“high-risk” versus “not-high-risk” was used to assess the CART model’s ability to predict
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the secondary adverse outcomes. The sensitivity, specificity, positive predictive value, and

negative predictive value were calculated for each of the secondary outcomes based on the

risk classification.

3.7.1 Sensitivity, specificity, positive predictive value, negative predictive value of secondary

outcomes using CART-derived model

Table 3.12  Sensitivity, specificity, positive predictive value, negative predictive value for

secondary outcomes using CART-derived high-risk classification, NLSCY

Proportion 95% ClI

Antisocial behaviour
Sensitivity
Specificity
Positive Predictive Value
Negative Predictive Value
Substance misuse
Sensitivity
Specificity
Positive Predictive Value
Negative Predictive Value
Poor physical health
Sensitivity
Specificity
Positive Predictive Value
Negative Predictive Value
Poor mental health
Sensitivity
Specificity
Positive Predictive Value
Negative Predictive Value
Risky health behaviours
Sensitivity
Specificity
Positive Predictive Value
Negative Predictive Value
Poor academic performance
Sensitivity
Specificity
Positive Predictive Value
Negative Predictive Value

29.8
76.9
11.7
91.4

64.5
76.2
13.3
92

75.9
84.1
134
91.5

63.0
76.0
13.7
92.2

83.8
89.5
13.6
91.2
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82.1
15.1
92.1

26.1,33.5
75.8,78.0
10.1,13.3
90.7,92.2

60.6,68.3
75.1,77.3
11.6,15.0
91.3,92.8

72.5,79.4
83.1,85.1
11.4,15.5
90.8,92.3

59.1,66.9
74.9,77.1
12.0,15.4
91.4,92.9

80.9,86.8
88.7,90.3
11.1,16.2
90.5,92.0

65.3,72.7
81.1,82.1
13.1,17.1
91.3,92.8
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Chapter 4: Model validation in ALSPAC

“The performance of decision trees on independent data is called the true
predictive power of the tree. Therefore, the primary task is to find the

optimal proportion between tree complexity and misclassification error.”
(200)

In the previous objectives, models were built using the NLSCY and
participants were classified as “high risk” or “not high risk” based on the presence
or absence of risk factors. In order to assess the true predictive validity of the
models, an independent dataset, the Avon Longitudinal Survey of Parents and
Children (ALSPAC) was used to validate the models.

4.1.1 Study design

The Avon Longitudinal Study of Parents and Children (ALSPAC) is a population-
based study from England investigating the health and development of children, including
how genetic and environmental factors influence their development (232).

The study recruited pregnant mothers due to give birth between April 1, 1991 and
December 31, 1992 living in Avon, an area in southwest England (233). The initial sample of
over 14,000 pregnancies was later bolstered by additional recruitment, resulting in a final
sample size of 15,458 (234). The study methodology is described in more detail at

http://www.bristol.ac.uk/alspac/researchers/resources-available/. Studies of the

representativeness of the ALSPAC cohort to the whole population of Britain show that
despite small differences, the study population is broadly representative of the British
population (233,235,236).

There are a number of components including: carer questionnaires, which were
usually completed by the mother; child-based questionnaires, completed by the carer of the

study subject or the child/young person; partner questionnaires, completed by the partner of
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the carer about themselves; puberty questionnaires, completed by the main carer, then the
carer and child together, and finally by the child alone; and school questionnaires, completed
by staff at the schools attended by study participants (234). See Appendix 5 for more details.

4.1.2 Study population
Figure 4.1 Population and eligible cohort analysis, ALSPAC CONSORT flow diagram

Study participants

(n=15,443)
Alive at 1 year Excluded:
» - No=754
- Missing=3
A 4

Alive at 1 year baseline
(n=14,688)

Response to
suicide module | Excluded:
"| - Missing=9,988

A
Analysis sample
n=4,700

4.2 Materials
4.2.1 Predictors
Predictor Variables:

The models derived in the previous analysis using Chi-square interaction detection
(CHID) and Classification and Regression Trees (CART) identified 35 predictor variables
that differentiated risk levels in the NLSCY. In order to see how well these models predict
suicidal ideation in a population from which the original models were not derived, the closest

comparators in ALSPAC were selected. This allowed for coding the comparable measures
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that were then used to test the external validity of the model. These predictor variables were
measured on mother-based surveys, child-based surveys (which the carer completed), and
partner-based surveys. In order to maintain comparability, every effort was made to use
measures that were measured at the point in time that was the closest to when the predictor
was measured in the NLSCY. Effort was made to include all available time points between
the prenatal period and age 5 for the variables that were measured across early childhood,
and to include the measure of a predictor closest to age 4-5 when the predictor had been
measured at the single time point in the NLSCY. Similarly, missing data was treated
consistently across the two samples. For the variables where missing data was kept as a
separate category in the NLSCY, a separate category was kept for ALSPAC. Finally, for
variables where ‘missing’ and ‘no’ were combined to create a dichotomous variable, ‘yes,
reported the factor’ or ‘no, factor was not reported or was missing’ were created. Appendix 8
contains details about the coding of all predictor variables, including the time point at which
they were measured, and important differences between the ALSPAC and NLSCY

measurements are noted there.

Pre- and post-natal predictors
The four pre- and post-natal predictors that emerged as significant in the NLSCY
models were prenatal over-the-counter medication use, prenatal smoking, prenatal problems

(including hypertension and gestational diabetes), and breastfeeding.

Individual predictors
There were eight predictors measured at the individual level that were significant in
the models. They included gender, rural/urban residence, child injury, child activity

limitation, developmental delay, conduct disorder, experience of a stressful life experience,
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and death in the family. Rural/urban residence and child injury were not included in the
analysis, as they were not measured in ALSPAC. Also, while a comparable measure of
developmental delay (WASI) was administered in ALSPAC, errors were discovered by

ALSPAC researchers and these data will not be released until the issues can be resolved.

Family predictors

There were 17 predictors at the family level that were important in the model,
including the following socio-demographic factors: young and old maternal age at birth;
parental immigrant status; basic high school education; college/university graduate
education; unemployment; financial difficulties and housing tenure. Parental behaviours and
practices that were significant included: participation in religious activities; parental activity
limitation; current smoking; and current binge drinking. Finally, several measures of family
composition and relationships were important, including: single parent status; intact vs.
blended family; inconsistent parenting; hostile/ineffective parenting; and punitive/aversive

parenting.

Interpersonal and environmental predictors

Predictors at the interpersonal, community, or environmental levels included:
exposure to violence on TV; changes in child care arrangements; parental volunteering;
social support score; neighbourhood cohesion (neighbourhood is a good place to live); and

neighbourhood safety.

4.2.2 Outcome
Suicidal ideation: Study participants were asked “Have you ever thought of killing yourself,

even if you would not really do it?” Those who answered “yes” were asked about the timing
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of these thoughts: “If yes, when was the last time you felt like this?”” [emphasis in the
original]. Participants who indicated that the thoughts occurred in the past 12 months were
deemed to have past year suicidal ideation. For the entire self-harm/suicide module, see

Appendix 9.

4.3 Statistical analysis

In the previous analysis, high-risk sub-groups were specified using the NLSCY based
on the presence or absence of certain risk factors. Using comparable variables available in
ALSPAC, participants were classified as “high risk™ or “not high risk” for both the CHID
and CART models. Sensitivity, specificity, positive predictive value, and negative predictive
value were calculated to see how accurately these classifications delineate high risk of
suicidal ideation. These values were investigated to see if the model can accurately predict
suicidal ideation in a population different from the one from which the original models were

built.

4.4 Validation stage results (ALSPAC)

4.4.1 ALSPAC descriptive statistics
For the ALSPAC validation sample, the final sample size was 4,700, which included

only those who had answered the suicide thoughts questions at age 16. Of this sample, 13.1%
reported suicidal ideation. Of the study sample, 42.0% were girls and 58.0% were boys.
Suicidal ideation was higher among girls (17.5%) compared to boys (7.2%). The prevalence

of suicidal ideation varied according to most of the predictor variables. Table 4.1 shows
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more detailed demographic characteristics of the study population and important risk factors

and the weighted proportion with suicidal ideation according to key factors.

Table 4.1 Descriptive and health characteristics of study population, ALSPAC, n=4,700
Time of N % % with SI
data
collection

Gender
Male 1,975 42.0 7.2
Female 2,725 58.0 17.5
Prenatal use of over- 18 weeks
the-counter gestation
medications
Yes 1,323 30.1 14.2
No 3,074 69.9 12.5
Missing 303
Prenatal smoking 32 weeks
Yes gestation 523 12.2 20.3
No 3,758 87.9 12.0
Missing 419
Prenatal hypertension 12 weeks
and/or diabetes gestation
Yes 431 10.1 17.9
No 3,855 89.9 12.6
Missing 414
Breastfeeding 4 weeks;
Yes 6 months 3,835 86.6 12.8
No 595 134 14.5
Missing 270
Mum goes to place of 5 years, 1
worship month
Not at all, not 2,601 55.3 13.7
reported
Once/week; 2,099 447 125
once/months;
Oncelyear
Child injured in past 3 years, 2
year months
Yes 1,572 335 13.2
No 3,128 66.5 13.1
Conduct disorder 3 years, 6
Yes months 354 8.5 17.8
No 3,808 915 12.5
Missing 538
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Stressful life
experience
Yes
No - didn’t happen,
yes, no effect
yes — mild effect
Missing
Death in the family

Yes
No
Missing

Mother <25 years
Yes
No
Missing
Mother > 40 years
1
2
Missing
Mother/father
immigrant

1
2
Missing
Basic education
CSE or none
>CSE
Missing
College degree
No
Yes
Missing
Unemployment of
mother or spouse
Yes
No
Missing
Financial difficulties
Yes
No
Missing
Housing tenure
Rented/other
Owned
Missing

8 weeks;

2 years, 9
months;

3 years, 11
months;
5years, 1
month

8 weeks;

2 years, 9
months;

3 years, 11
months;
5years, 1
month

8 weeks
gestation

8 weeks
gestation

12 weeks
gestation

32 weeks
gestation

32 weeks
gestation

8 weeks

8 months

8 weeks
gestation

3,590
881

229

1,694
2,694
312

614
3,884
202

66
4,432
202

137
4,563

490
3,893
317

3,484
899
317

267
3,864

345
2,350
2,005

647
3,720
333

80.3
19.7

38.6
61.4

13.7
86.4

15
98.5

2.9
97.1

11.2
88.8

79.5
20.5

6.5
935

12.8
87.2

14.8
85.2

13.5
11.0

11.6
13.7

15.6
12.7

10.6
13.1

*using the
“parents place of
residence” at birth
as proxy for
immigrant status
13.1

13.2

15.3
12.7

134
11.8

15.7
12.3

171
13.0

18.1
12.2
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Mother’s activity
limitation

Often unwell, never
well
Fit and well, mostly
well
Mother’s current
smoking status
Yes, currently
smokes
No, does not report
smoking
Mother’s binge
drinks alcohol
Yes
No
Single parent status

(ever)
Yes
No
Intact or blended
family
Not-intact
Intact
Inconsistent
parenting
Yes
No
Missing

Hostile/ineffective

parenting
Yes
No
Missing
Punitive/aversive
parenting
Yes
No
Missing

1 year, 9
months

3 years, 11
months

3 years, 11
months

8 weeks
gestation;
8 months;
1 year, 9
months;

2 years, 9
months;
3years, 11
months
3years, 11
months

3 years, 6
months

3 years, 6
months

4 years, 9
months

171

4,529

810

3,890

450
4,250

597
4,103

607
4,093

2,821
1,328
551

1,236
2,541
923

897
1,930
1,873

3.6

96.4

17.23

82.77

9.57
90.4

12.7
87.3

12.9
87.1

68.0

32.0

32.7
67.3

31.7
68.3

*using “present
health/fit and
well” as proxy
12.9

13.2

16.5

12.4

12.4
13.9

17.4
12.5

18.0
12.4

12.8
13.0

*use “winner of
battle of wills” as
proxy

13.8

12.3

13.9
13.0
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High exposure to TV

Yes
No
Missing
Changed childcare
providers
Yes
No
Missing
Mother’s volunteer

status
No
Yes
Social support
Low
High/normal
Good
neighbourhood*
No
Yes
Missing

4 years, 6
months

4 years, 6
months

5years, 1
month

8 weeks;
8 months;
1 year, 9
months

2 years, 9
months

415
3,604
681

2,368
1,279
1,053

831
3,869

592
4,108

208
3,638
854

10.3
89.7

64.9
351

17.68
82.32

12.6
87.4

5.4
94.7

*90™ percentile of
time spent viewing
TV

17.6

12.4

12.6
13.7

14.2
12.9

19.4
12.2

*Proxy for
neighbourhood
cohesion

17.8

12.8

Suitable proxies were not available for several variables, including child activity limitation and child

developmental delay, so they were excluded from analysis.

4.4.2 Sensitivity, specificity, PPV, NPV of ALSPAC
The CHID-derived model, built from the NLSCY, had identified 8 groups at high risk

for suicidal thoughts and 41 groups that were not at high risk (29 medium-risk and 12 low-

risk). The classification of high-risk versus not-high-risk was used to assess the model’s

performance in ALSPAC, using the variables that most closely approximated the splitting

variables used in the NLSCY. The sensitivity, specificity, positive predictive value, and

negative predictive value were calculated based on the risk classification to assess the ability

of the model to perform in an independent dataset.
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Table 4.2 Sensitivity, specificity, positive predictive value, negative predictive value for
CHID-derived high-risk classification, ALSPAC

Proportion 95% confidence interval
Suicidal ideation
Sensitivity 22.4 18.3,26.5
Specificity 87.7 86.7,88.7
Positive predictive value 14.2 11.5,17.0
Negative predictive value 92.5 91.72,93.3

Similarly, the CART model derived risk classification determined in the earlier
NLSCY analysis was applied to the ALSPAC sample. The sensitivity, specificity, positive
predictive value, and negative predictive value was calculated based on the 9 high risk

subgroups and the 43 non-high-risk subgroups.

Table 4.3 Sensitivity, specificity, positive predictive value, negative predictive value for
CART-derived high-risk classification, ALSPAC

Proportion 95% confidence interval
Suicidal ideation
Sensitivity 19.9 16.9,22.8
Specificity 88.0 87.0,89.0
Positive predictive value 22.5 19.2,25.8
Negative predictive value 86.3 85.2,87.3
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Chapter 5: Discussion and conclusions

5.1 Principle findings of this thesis

5.1.1 Descriptive statistics
This study shows that 12% of Canadian youth answered yes to a question about

seriously considering suicide, which replicates estimates reported in other studies, however is
slightly lower, likely due to differences between the studies’ populations and samples (see
limitations for further details) (49,51). The descriptive statistics revealed that the prevalence
of suicidal ideation varied between different stratified groups. Suicidal ideation was found to
be higher among girls than boys (15.6% vs. 8.5%), those who experienced a stressful life
event when compared to those who did not (15.4% vs. 9.7%), and among children who
experienced an activity limitation at 4-5 years of age compared to those without an activity

limitation (20.9% vs. 11.7%) (Table 3.1).

5.1.2 Predicting suicidal thoughts in the NLSCY using CHID and CART models

While the descriptive statistics showed differences in the prevalence of suicidal
thoughts between strata, in order to move beyond investigating the relationship between
single covariates and suicidal thoughts, predictive tree models were built to investigate how
interactions between risk factors affected risk of suicidal thoughts. The first tree model was
built using Chi-square interaction detection (CHID). The variables that determined the splits
in this model were as follows: gender, stressful life experiences, childhood activity
limitation, young maternal age, single parent status, prenatal exposure to smoke, death in the
family, prenatal medical problems, exposure to violence on TV at age 4-5, parental smoking
at age 4-5, no reported breastfeeding, parental binge drinking at age 4-5, consistent parenting

style, prenatal use of over-the-counter medications, living in a rental home as opposed to
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owned dwelling, parental education level, hostile parenting, non-intact family, no
participation in religious activities, punitive parenting style, changes in child care
arrangements, social support, rural vs. urban residence, and parental volunteer status. Based
on these variables, 50 terminal nodes were found, of which 8 were classified as high risk,
with at least twice the base rate of suicidal ideation compared to the overall population (see
Figure 4.1).

The second model was built using Classification and Regression Trees (CART). The
variables that determined the splits in the CART model were: gender, stressful life
experiences, childhood activity limitation, young maternal age, single parent status, non-
intact family, death in the family, prenatal medical problems, parental smoking at age 4-5,
parental binge drinking at age 4-5, exposure to violence on TV at age 4-5, punitive parenting
style, inconsistent parenting style, prenatal use of over-the-counter medications, no
participation in religious activities, social support, parental education level, neighbourhood
cohesion, parental volunteer status, changes in child care arrangements, low income ratio,
parental unemployment, rental home as opposed to owned dwelling, parental activity
limitation, child injury at age 4-5, and developmental delay. Based on these recursive splits,
49 terminal nodes were discovered, nine of which were classified as high risk (see Figure
4.2). The variables determining splits in both models were similar; particularly the first
number of splits in the two models with minor differences emerging towards the bottom of
the tree. Table 3.3 outlines the characteristics of all the high-risk subgroups for CHID and
Table 3.5 shows the characteristics of CART-derived high-risk subgroups. For clarity, the
CART-identified high-risk subgroups are described below, noting that there are slight

differences between the CART subgroups and CHID subgroups.
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Among females, the experience of a stressful life experience between 0 and 5 years of
age was a common risk factor in 6 of the high-risk subgroups (CART subgroups 1,2,3,4,5,8).
The subgroup with the highest prevalence of suicidal ideation (at 40.6%) was females who
had experienced a stressful life event, who had a young mother at birth, and who had a
family member die. CART subgroup 5 had similar characteristics to CART subgroup 1,
except for the experience of familial death. Instead, this group had a mother who reported
current smoking (when the child was 4-5 years old). The prevalence of suicidal thoughts in
this subgroup was 30.4%.

The model only identified one high-risk subgroup of males (CART subgroup 9),
which had 25.3% prevalence of suicidal thoughts. This subgroup was characterized by the
report of no activity limitation at 4-5 years, the experience of a stressful life event between 0
and 5 years of age, a mother who reported binge drinking at 4-5 years, and participation in
religious activities at 4-5 years.

Many of the strong predictors in the models were in line with expectations, based on
the literature review; however, there were some unusual and unexpected results. Most
notably, CHID subgroup 6 and CART subgroup 7 had unexpected characteristics. For
example, CART subgroup 7 was characterized by the absence of several important risk
factors, including not experiencing a stressful event, and not having a single parent. The only
risk factors reported in this subgroup were maternal smoking at 4-5 years, and non-
participation in religious activities at 4-5 years. Interestingly, the variable that was most
unexpected in this, and several other subgroups, was the effect of consistent parenting.
Contrary to expectations, having consistent parenting corresponded to increased risk of
suicidal thoughts in this subgroup. This may be partly explained by viewing the various

aspects of parenting style separately. A parent could be consistently hostile, punitive, or
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neglectful, and that parent would score high for consistency, but would not have an overall
positive parenting style.

Interestingly, explicit measures of socioeconomic status were only important in two
of the high-risk subgroups (CART subgroups 3 and 4). For both subgroups, having a mother
who did not have a college or university degree increased the risk of later suicidal thoughts.
Other measures of socioeconomic status, such as being below the low-income cut-off or
parental unemployment were not highly predictive in the models. While these explicit
measures were not important risk factors in the high-risk subgroups, various measures of
family difficulties and adversity, including stressful life events, death in the family, having a
young mother, experiencing single parent status, having a blended family, living in a rental
dwelling, or having a parent with an activity limitation were strongly predictive in the model.
These factors are likely strongly correlated with the experience of low socioeconomic status.

There were several measures of prenatal, postnatal, and early childhood health that
were prominent in the model. The most predictive factor among males (CART subgroup 9)
was the presence of a childhood activity limitation at 4-5 years. The importance of this factor
was theoretically consistent with the perceived burdensomeness hypothesis, posited by
Joiner: a child who has a chronic condition that limits his ability to participate in regular
activities of school or home life may grow up with a sense that he is a burden on his family,
which may contribute to increased suicidality in later life (72). Further, exposure to prenatal
smoking, breastfeeding, and young age of mother were important predictors in the models.
Broadly, many of these factors can be described as factors associated with early-life
circumstances (the presence or absence of a nurturing environment). This is consistent with
the Barker’s Developmental Origins of Health and Disease (DOHaD) hypothesis, which

showed the enduring influence of factors present in the prenatal and early-life period on later
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health and disease (237,238). This biological programming approach was supported by other
researchers which showed that early-life circumstances may alter the risk of disease
throughout the life course (239,240). These approaches contribute relevant information to the
investigation of mental health problems, which have complex aetiology based on factors
from early life interacting with effects throughout development (237).

CART subgroup 6 is characterized by two risk factors — single parent status between
0 and 5 years of age and exposure to violence television at 4-5 years. The combination of
these two variables may suggest that the mechanism that increases risk in a single-parent
family may be the decreased level of parental monitoring, whereby children may be exposed
to violent media. This is supported by research by Dorbusch et al (1985) who suggested that
the presence of an additional adult in the home decreased deviance rates (241). Additionally,
Steinberg (1987) tested the “additional adult hypothesis” and showed that adolescents from
single-mother homes and step-families were more susceptible to pressure from friends to
engage in deviant behaviour (242). Dornbusch et al (1985) suggested three possible
mechanisms to explain this relationship between single parenting and increased risk
,including lack of surveillance or monitoring, lack of appropriate teaching, and lack of social
support (241).

In order to assess the predictive power of the models, sensitivity, specificity, positive
predictive value, and negative predictive value were calculated for both CHID and CART
models (Tables 4.4 and 4.6). The two models performed similarly on all measures, with
sensitivity (the ability to identify positives) at 24.2% and 22.7% respectively. These results
show that the model would correctly classify just over 20% of those with suicidal thoughts as
high-risk. Conversely, it means that the model is not able to predict the increased risk for

80% of those with suicidal thoughts. Despite the sensitivity being low in these models, they
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are a marked improvement over traditional logistic regression modeling, where the
sensitivity was 9.1%. Specificity (the power to identify negatives) was high at 89.8% for
CHID and 89.2% for CART. This means that nearly 90% of those who do not experience
suicidal thoughts are correctly identified as not high-risk by the models. When assessing the
strength of these models against traditional screening tests, which often have sensitivities and
specificities in the 70-90% range, these models have an acceptable specificity however the
sensitivity is much lower (29). The lower sensitivity in these models is not unexpected, as the
models are predicting outcomes that occur at least seven years later. Positive predictive
value, which shows what a positive result really means, was relatively low for both models
(24.7% and 17.8%), meaning for those identified as “high-risk”, only 20% would actually
experience suicidal ideation and that 80% of individuals identified as “high-risk” in these
predictive models would not develop suicidal thoughts. The negative predictive value, which
shows what a negative result means, was high (89.5% and 91.8% respectively), meaning that
90% of those who were not labeled as high risk would not experience suicidal ideation. The
high negative predictive value means that these models are quite accurate in identifying
which subgroups are not at high-risk.
5.1.3 Multiple risk factors and equifinality of suicidal outcomes

In both CHID and CART, the characteristics of the high-risk subgroups show the
effect of risk accumulation through exposure to multiple risk factors. While much of the
existing research on the risk factors for suicidal ideation are focused on what each individual
factor contributes to the outcome, past research has shown that the influence of a single risk
factor on suicidal outcomes is modest (243) and that in isolation, individual risk factors do
not have a strong explanatory influence on the outcome (244). However, once exposed to

multiple negative experiences, the risk in the subgroups is elevated (245). Each of the high-
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risk subgroups in both CHID and CART models experience multiple negative exposures. For
these subgroups, multiple risk factors appear to be clustered together and it is the joint effect,
or the accumulation of multiple negative exposures that increases the later risk of suicidal
outcomes. The model supports the hypothesis that exposure to multiple risks, whether they
are simultaneous or sequential, set off a chain of factors that can lead to reduced health and
other adverse outcomes (244). Research on other health conditions have consistently showed
that exposure to multiple risk factors have adverse health effects that exceed the risk of a
singular risk exposure (244). Further, research has showed that risks that span across
multiple contexts are particularly harmful to mental health outcomes (246,247). This
research supports the theoretical conceptualization of a risk gradient, which states that as
exposure to negative psychosocial factors increases, there is an accumulation of risk. This
accumulation of risk results in increased risk of later difficulty, which was shown for both
suicidality and other measures of difficulty in adolescence.

The multiple high-risk groups also support the theory of equifinality, which posits
that there are multiple developmental pathways to the same outcome. The high-risk
subgroups have distinct characteristics; however, they all end up at increased risk of suicidal
thoughts in later life, supporting research that has underscored that suicidal outcomes are
complex and that there are multiple trajectories that may lead to difficulty in adolescence.
For example, young maternal age is shown to increase the risk of suicidal ideation, and
several subgroups with high risk of suicidal ideation have mothers who were under 25 when
they gave birth (CART subgroups 1,5). However, groups of individuals with older mothers
may nevertheless experience increased risk depending on the presence of other
characteristics like prenatal problems or punitive and aversive parenting style (CART

subgroups 2,3,4,8). Even though these groups of adolescents were not born to young
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mothers, they are still at an elevated risk of suicidal ideation due to the influence of other risk
factors. While there appeared to be several highly influential risk factors (like experiencing a
stressful life experience, or having an activity limitation in early childhood), no single risk
factor was necessary to the development of suicidal ideation, and the same outcome could be
arrived at through the combination of different factors.

These models highlight the importance of investigating the interactions between
factors in order to understand suicidality. Though a group may not have one of the initial,
strongly predictive risk factors, the combination of other factors may still increase the risk of
suicidal ideation. For example, the model showed that experiencing a stressful life event
during early childhood increases the risk of suicidal ideation among girls (15.6% vs. 8.5%).
However, combinations of other risk factors may contribute to elevated risk even among
those who do not experience a stressful life event. This can be seen in CART subgroup 6,
which is characterized by the following factors: females who have not experienced a stressful
life event, but have experienced a period of single parenting, and have been exposed to
violent TV at 4-5 years.

Having the ability to describe these interactions is a major strength of this analysis
and it further highlights how risk factor-based epidemiology should to move beyond single
causes and consider multiple influences on outcomes from different domains of influence.
Complex phenomena, like suicidality, have roots in individual characteristics and the
family/social environment, and it might be necessary to describe multiple risks in order to
better understand them. The predictive factors in both models are unsurprising, as they were
selected for potential inclusion in the model based on previous research that had suggested
links between the factors and increased suicidality. However, an interesting phenomenon

highlighted by these models is that certain risk factors become more or less potent in the
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presence or absence of other risk factors. In fact, the directionality of effect is reversed in a
few cases depending on the other factors present in the subgroup. Notably, religious
activities, social support, and punitive parenting had opposite effects (increase or decrease
risk of suicidal ideation) depending on where they occurred in the tree. This may suggest that
there were some situations in which a risk factor is more or less deleterious based on the
presence or absence of other exposures. Alternately, these results may suggest the presence
of a type 1 error, in which the models detect an effect that does not hold true in the
population. As splitting continues towards the bottom of the tree, the more likely that results
could be explained by type 1 errors, as the predictive splits near the bottom of the tree are

less powerful, and over-fitting may be more of an issue.

5.1.4 Validation
The main criticism of tree models is that because they are able to take high-order

interactions into account, they tend to over-fit the data. Over-fitting, also called overtraining,
can occur in models when the link between the dependent and independent variable that
appears in the model does not exist in the population being modeled (230). This happens
when the model is overly precise when modeling the sample, following the fluctuations in
the sample and showing relationships that do not exist in the population from which the
sample was drawn (230). As they are designed to fit the dataset well, they are therefore often
not able to accurately perform in a population from which the model had not been derived. In
order to test the true predictive validity of these models, it was important to validate these
results in an independent dataset (248). Thus in order to assess the validity and the external
generalizability of the models created in the NLSCY, the model performance was examined

in the Avon Longitudinal Study of Parents and Children (ALSPAC). Similar predictive
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factors available in ALSPAC were coded, and using the same high-risk classification
established in the NLSCY-based CHID and CART models, the sensitivity, specificity,
positive predictive value, and negative predictive value was assessed.

Importantly, despite differences between these datasets and variables (see Appendix
8), both models performed with similar accuracy in ALSPAC. For the CHID tree model, the
sensitivity was 22.4%, specificity was 87.7%, positive predictive value was 14.2%, and
negative predictive value was 92.5%. The results were similar for the CART model (see
Table 4.3). These results were slightly lower than the numbers in the original dataset where
the sensitivity was 24.2% and positive predictive value was 24.7%, however, the model
performs with similar accuracy in this second dataset. This is an important finding, as it

shows that these predictive factors perform with similar accuracy in two separate cohorts.

5.1.5 Comparing CHID and CART
As shown in Figures 3.1 and 3.2, there were slight differences in the models derived

CHID and CART, however, their overall predictive ability was similar. For example, the
sensitivity was found to be 24.2% in the CHID model and 22.7% in the CART model and the
positive predictive value was found to be 24.7% and 17.8% (see Tables 3.4 and 3.6). Further,
during the validity stage, the external validity of the high-risk classifications generated from
CHID and CART were found to be similar when tested in the independent dataset. The
CHID model was found to have a sensitivity of 22.4% and positive predictive value of
14.2%, while the CART model was found to have a sensitivity of 19.9% and a positive
predictive value of 22.5% (see Table 4.2 and Table 4.3).

From a methodological standpoint, the similarity in the models is not surprising, as

even though the splitting statistic differs between CHID and CART, the goal of the two
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approaches is comparable. While CHID uses the Chi-square statistic to find the variable
which creates the biggest difference between the child nodes, CART uses the Gini impurity
statistic which aims to maximize the homogeneity within child nodes. While these statistics
are different, they are closely related and create the child nodes that best differentiate
between a group with suicidal ideation and a group without suicidal ideation (biggest
difference between the nodes using Chi-square, or most homogeneity within the nodes using
the Gini statistic).

Even though these models are quite similar, under close examination several
differences are apparent. The most predictive variables, which determine the first splits, were
consistent between these two approaches, but as splitting progressed, there were some
differences in the variables determining splits. There are several explanations for how
different variables could determine splits and yet the models’ predictive power remains
similar. The biggest difference in the two methods is the treatment of missingness. For most
of the variables in the CHID trees, a separate missing category was kept in the analysis,
whereas any missing value was automatically included with the majority in CART algorithm.
As there was a high level of missing values for some variables, this differential treatment of
missing data may explain why different predictors were selected at several points in the
models.

Despite the use of different predictors at some of the splits, the high level of
agreement in predictive value between the two models may be explained by the high degree
of clustering between predictive factors. For example, in girls without a stressful life
experience, without a single parent, with a non-smoking mother, and with no exposure to
prenatal over-the-counter medication, the next split in the CHID tree was determined by

housing tenure (rented vs. owned) while in the CART tree, the next split was determined by
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level of neighbourhood cohesion (medium/high vs. low). These predictors may be correlated,
or the inclusion of missing values with the majority might affect the choice of predictor,
which might explain their similar predictive power in this branch of the tree.

Due to these strong similarities between the CHID and CART models, the choice
between techniques does not appear to be of critical importance. As outlined above, the
CHID and CART models have slight differences, but because they predict with similar
accuracy in the original dataset and perform similarly in the validation dataset, these
differences do not appear to be clinically significant. Even though some of the variables are
different, particularly towards the low splits in the trees, the high degree of alignment
between the two models may be explained by the different treatment of missing values in the
two procedures leading to the selection of different, yet related, risk factors. Future work,
using surrogate splitting, may further illuminate how substituting variables with similar
predictive power can affect the model fit. The advantage of the manual CHID approach is
that there are no hidden defaults, making it a transparent process. The analyst has a high
degree of control and is able to carefully set the minimum node sizes and splitting rules.
Further, the CHID the approach allows the separation of ‘missing’ as a meaningful category
separate from ‘yes’ and ‘no’; and the Chi-square statistic is easy to interpret and explain to
clinicians or naive statistical users. However, the main drawback of this approach is that it is
time-consuming, as it requires the calculation and review of all possible Chi-square values at
each level of the tree. Particularly, as the tree continues to grow in complexity, this manual
process became onerous and the computational time needed to calculate the Chi-square
values for each possible combination becomes increasingly long.

In contrast, the main advantage of automatic CART software is that the program is

easy to use and computationally swift and is able to generate tree models within minutes.
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The caution with the automated approach is that there are many defaults that must be
manually adjusted, and they may not be immediately apparent to a modeler. CART programs
are also able to do more sophisticated methods of model specification based on the
complexity parameter and can be used to conduct cross-validation within the dataset, adding
methodological rigor to the resulting model. Further, CART is able to consider surrogate
splits throughout the model to see how changing variables affects the overall predictive
ability of the model (not done in this analysis). That being said, since the differences were
minor, they are likely not clinically significant, which suggests that either approach may be

acceptable for this, and similar, analyses.

5.1.6 Secondary outcomes and the multifinality of risk factors

Noting that many negative outcomes share similar risk factors, another objective of
this research was to assess if these predictive models, developed for prediction of suicidal
ideation, could also provide insight into other adverse health and social outcomes in
adolescence. The multifinality of risk factors suggest that a group of risk factors may lead to
multiple adverse outcomes, ranging from suicidal ideation to antisocial behaviours, adverse
physical or mental health, risky health behaviours, substance misuse, and/or poor academic
performance. Using the two predictive models developed in earlier objectives, the clusters of
risk factors that constituted high-risk for suicidal ideation were assessed to see if they were
also able to predict secondary outcomes. Tables 3.11 and 3.12 show the results of this
investigation, and interestingly, the models were found to predict secondary outcomes with
better sensitivity than the suicidal outcomes for which the models were constructed. This
indicates that the distal factors used to predict suicidal thoughts are not specific to suicide;

they are more global risk factors that predict a range of adverse outcomes.
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Using the high-risk categories as identified by the CHID model, sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV) were
calculated for six secondary outcomes: antisocial behaviour, substance misuse, poor physical
health, poor mental health, risky health behaviours, and poor academic outcomes. For
example, for risky health behaviours, the CHID model was able to predict with 82.9%
sensitivity, 89.8% specificity, 18.9% positive predictive value, and 88.7% negative
predictive value. Values for the other poor outcomes ranged, but typically showed a much
higher sensitivity than for the prediction of suicidal thoughts (see Table 3.11). The high-risk
categories, as identified by the CART model were also tested, yielding similar results: the
sensitivity of the model ranged from 29.8% for antisocial behaviour to 88.8% for risky health
behaviours (see Table 3.12).

This analysis shows that the models developed to predict suicidal thoughts might be
useful to predict a range of adverse adolescent outcomes, indicating that the predictors in the
model may be understood as measures of a difficult early life with implications for a range of
outcomes. The lack of predictor-specificity adds additional complexity to the prediction of
suicidal thoughts, as it is possible to get to many different outcomes from the same risk
conditions (237). This interesting finding demonstrates the multifinality of early-life risk
factors on adverse outcomes, and suggests that effective interventions that reduce the risk in
identified subgroups might have broad-reaching impacts on a range of health and social

outcomes.

5.2 Implications for suicide prevention and health promotion.

There are two ways to ways to understand the results in terms of how this research
can inform suicide prevention and health promotion efforts. The first would be to use models
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to identify high-risk groups (see discussion of a screening approach in section 5.2.1). Based
on the identification of high-risk groups, targeted health promotion programs that could be
developed to intervene during the middle childhood years with the aim of attenuating risk
and building resiliency in identified high-risk groups between the early life period and
adolescence.

The second way to consider this research is to use it as a starting place to explore the
etiological underpinnings driving the observed phenomenon, then work at the population
level to reduce the exposure to the key factors present in the early childhood period (see
further discussion in section 5.2.2). As this research was exploratory, further research would
be needed to disentangle the complex causal web that leads to negative health outcomes.

More broadly, this research provides strong support for the multifinality hypothesis,
which supports a shift in the way disease prevention and health promotion could be
approached. Understanding that there are common roots of key health issues, we shift to
strategic use of health promotion funding that targets shared trajectories of risk with the
potential to prevent multiple adverse outcomes, rather than focusing on a single issue in

isolation.

5.2.1 Accuracy, appropriateness and feasibility of screening at school entry

Research that is able to accurately predict suicidal outcomes based on early-life
factors has the potential to inform the development of universal screening programs for
detecting individuals at increased risk of developing suicidality, however there are many
other factors, including appropriateness and feasibility, to consider prior to implementing
universal screening. It has been suggested that a universal screening program for mental

health problems, including suicide, could be implemented at school entry, similar to existing
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physical health screening programs (249). One of the rationales for investigating factors prior
to the age of 5 would be potential future application of the research into a universal screening
program at school entry. However, even though the models showed that a certain level of
prediction was possible, it is premature to discuss a universal screening program as there are
many other factors to consider.

In addition to being able to assure that screening is accurate, there are several other
important considerations to make before implementing a public health screening program,
including: are there effective interventions for those at increased risk?, are there enough
resources to provide adequate follow-up for those identified as high risk?, what are the
ethical issues that need to be considered?. The World Health Organization’s criterion for
screening has been adapted by the National Research Council and Institute of Medicine
(2009) to assess the appropriateness of selective and indicated prevention programs. First of
all, the issue must be of public health importance, and there should be some understanding of
the developmental link between risk factors and the disorder. Once these are established,
there needs to be an effective intervention that leads to better outcomes. There need to be
validated screening tools that identify early signs of suicidal outcomes and there also must be
adequate facilities to both conduct screening and to implement the intervention/follow-up
care to every identified individual (12,29,250).

There should also be agreed-upon guidelines for whom to refer to further
assessment/care. The validated screening tool must have cut-off scores determining
eligibility for referral to treatment (29). Ethical challenges must also be considered in order
to ensure that screening is acceptable to the population and does not stigmatize individuals
(29). Additionally, due to the ethical issues around screening, a risk-benefit analysis might be

necessary before implementing a school-based screening program, including a thorough
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investigation into the possibility of iatrogenic effects, stigmatizing effects, or alternately, the
possible destigmatizing effect that may come as a result of a universal screening program
(12,249). While this research can contribute useful information about high-risk subgroups
which informs the accuracy of screening, the sensitivities of the models were quite low for
the prediction of suicidal thoughts, and so many children that go onto develop suicidal
thoughts would not have been labeled as high-risk. However, the contribution of the
secondary outcomes may add an interesting dimension to the conclusion about the accuracy
of screening. While the models only had 20% sensitivity for predicting suicidal thoughts,
they were far more accurate in predicting other adverse outcomes, which may suggest that
they may be useful. Thus, this research contributes information about the accuracy of
screening for a range of adverse outcomes in adolescence based on early-life factors, but
many other factors need to be taken into account before recommending a population-based

screening program (29).

5.2.2 Nurturing environments and multi-faceted health promotion for enhancing
healthy development

The predictive value of these models in predicting diverse outcomes of health and
social difficulty in adolescence may support the research around the importance of nurturing
environments in the development of wellbeing (30). The pathways to suicidality may be
similar to those for other behavioural and health problems, stemming from a common lack of
a nurturing childhood environment. There has been much research that has linked risk factors
for particular difficulties; however, this research contributes to a course of research that

shows risk and protective factors that are common to multiple difficulties.
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The important predictors in both models can be largely grouped according to the four

main characteristics of nurturing environments described by Biglan et al (2012).

Table 5.1
environments (30)

Predictors of adverse outcomes, organized by characteristics of nurturing

Characteristic of a nurturing environment
(29)

Predictor

Minimize biologically and psychologically
toxic events (29)

Teach, promote, and reinforce pro-social
behaviour, including self-regulatory behaviours
and all of the skills needed to become
productive members of society (29)

Monitor and limit opportunities for problem
behaviour (29)

Foster psychological flexibility (the ability to be
mindful of one’s thoughts and feelings and act
in the service of one’s values (29)

Stressful life experience, death in the family,
current parental binge drinking, current parental
smoking, non-intact family, parental
unemployment, low parental education level,
prenatal exposures to OTC medication,
smoking, lack of infant breast-feeding

Parenting (parental consistency,
hostility/ineffective, punitive/aversive), parental
volunteer status, participation in religious
activities.

Exposure to violence on TV, neighbourhood
cohesion

Presence of conduct disorder, developmental
delay

This research provides exploratory evidence of factors that predict later life difficulty.

However, if these predictors that indicate the presence of early childhood adversity are

“causes” of later difficulty, there is a powerful opportunity for public health intervention

focusing on increasing the prevalence of nurturing environments, as it could have significant

implications for several important public health priorities. Modifiable and actionable risk

factors provide a potential target for public health intervention, and action on these risk

factors may help prevent adverse adolescent outcomes. Alternately, this research may
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provide justification to further investigate the factors that mediate the vulnerability
introduced by non-modifiable risk factors as the child continues to develop. Risk factors
cross all contexts, and thus this research supports health promotion programming that strives
to enhance the healthy development of children and youth and the avoidance of a range of
negative outcomes through the implementation of programs and policies that create
supportive families, and positive social and neighbourhood environments (29). Alternately,
these factors may be markers of the underlying causes, but they can be useful for targeted
public health interventions that wish to focus resources on those at highest risk. However,
using this research to inform screening is premature unless it is determined that there are
effective interventions that can assist those identified as high risk, adequate resources and
capacity to provide necessary care, and community acceptance of the screening and

intervention (29).

5.2.3 Embedding a multifinality approach in health promotion
Targeting prevention to early-life factors has implications for a wide range of

outcomes, including suicide. However, and it may be negative to focus solely on suicide, as
it remains, according to Joiner, “one of the most stigmatized of human behaviours across
human history and cultures” (251). Therefore, rather than trying to gather resources to focus
solely on suicide prevention, suicidal thoughts and potential deaths by suicide may be
reduced using more comprehensive approaches to prevention, which would have
implications for a host of other adverse outcomes in adolescence. By taking an
interdisciplinary, multifaceted approach to preventing poor outcomes in adolescence,
resources from multiple sectors could be used to jointly address the underlying issues in

order to create better outcomes.
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5.3 Where this fits in existing literature
In traditional risk-factor research, studies have investigated small numbers of risk

factors, holding all others constant in order to show the association of each factor to suicidal
outcomes. This approach necessarily ignores the real world complexity and the complex
aetiology of suicidality. The important contribution of this research is that it is able to
highlight the effect of multiple overlapping risk factors on the individual’s risk of suicidal
thoughts, showing that there are multiple groups of risk factors that influence suicidal risk.
Further, the research shows that the risk factors that predict suicidal thoughts can be used to
predict other adverse outcomes in adolescence, which may provide a rationale for targeting

multiple adverse outcomes that share similar developmental origins.

5.4 Strengths and Limitations
There are several important limitations to note related to both the data and the

research design. This research relied on data collected in the NLSCY and ALSPAC, two
large, population-based, longitudinal cohort studies. A major strength of this research was
that the predictive models built in the NLSCY were later validated in ALSPAC. This
overcame one of the main criticisms of tree-based modeling, and showed that the prediction
rules performed similarly in a second cohort.

One of the challenges with cohort studies is ensuring that they are representative of
the general population from which they are sampled. One of the limitations of both datasets
in terms of the representativeness of the population is that people who were sampled and
contacted to participate may not have consented. If non-consenters are different from

consenters, the study findings may be biased and not representative of the larger population
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(252). As with other cohorts, there may be period effects as this group of individuals grew up
in the particular social context specific to the 1990s and 2000s, and this may limit the
generalizability of these findings to other cohorts (253). Specifically, the models might not
speak to the experience of particular subgroups of the population. Due to the sampling frame
used in the NLSCY, we were unable to get a representative measure of Aboriginal status, as
Aboriginal people living on reserve were excluded from the sampling frame. Thus, the
results do not represent the experience of all Aboriginal peoples living in Canada.

Due to the nature of prospective longitudinal design, both datasets suffer from
selection bias as a result of losses to follow-up. Of the 12,333 NLSCY participants who were
five years or younger in cycle one, nearly half (n=5,945) were excluded from analysis
because they did not have a valid response to the suicide module. While this included some
specific non-response to the suicide module, it was largely driven by losses to follow-up,
which accounted for approximately 85% of the missing. Overall, the NLSCY had a follow-
up rate of 61% from cycle 1 (1994/5) to cycle 8 (2008/9) (225). While some losses to follow-
up may be random, it is plausible that some of the attrition experienced in both NLSCY and
ALSPAC was systematic and may be related to the exposures as well as the outcomes. If this
loss to follow-up was non-differential, than the loss is less problematic. However, if those
who drop out are systematically different from those who remain in the study, it impacts our
ability to make inference based on these findings to the entire population. In this case,
selective drop-out of participants with particular characteristics could affect the findings of
this research. While it is difficult to disentangle the extent to which the losses to follow-up
were differential or non-differential, analysis by Statistics Canada showed that there were
several characteristics related to lower response rates, including low income, low levels of

income, low levels of employment, and living in a rental dwelling. Several of these factors
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have also been linked to suicidal outcomes, which may have an impact on the estimates in
the study. For example, among those with suicidal thoughts, if those with low maternal
education are more likely to drop out, the association between low maternal education and
suicidal thoughts will be underestimated. Interestingly, previous attrition analysis of the
NLSCY showed that those with higher scores on symptoms of mental illness at age 8-9 were
more likely to stay in the study at ages 10-15 (254). Since mental illness is closely related to
suicidal outcomes, it is possible that those who develop suicidal thoughts are more likely to
stay in the study than those who do not.

Loss to follow-up is an important consideration when working with longitudinal data,
which is why having the ability to compare the results in a second cohort was an important
strength of this research. Like most cohort studies, the ALSPAC cohort suffers from losses to
follow-up. Work by Wolke et al (2009) showed that dropout in the ALSPAC cohort was
systematic and further, that children were more likely to drop out if they suffered from
behavioural disorders or according to certain familial factors. They also showed that losses to
follow-up in ALSPAC were systematically related to important predictive factors in our
research, including single parenthood, low education level, financial difficulties, maternal
smoking, poor housing, and maternal psychopathy (255). Similarly, research on the
representativeness and attrition of ALSPAC showed that those who experienced greater
adversity during pregnancy, including health issues, housing problems, or low social support
were more likely to be lost to follow-up (232). Thus, we expect that there were similar
systematic losses to follow-up in both the NLSCY and ALSPAC, where participants
experiencing higher levels of adversity in early life may have been more likely to selectively
drop-out. This creates a higher degree of homogeneity in the cohort and might influence the

ability to predict the outcome (256). It also demonstrated that while the losses to follow-up
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may underestimate the prevalence of psychiatric disorder, the selective drop-out did not
negate findings showing the relationship between predictor variables to the outcome (255).
Similarly, in our research, we expect that the systematic losses to follow-up underestimates
the prevalence of suicidal ideation and other adverse outcomes in adolescence, but may not
significantly affect the relationships between predictor variables and the outcomes. In the
context of tree modeling, the systematic drop-out of individuals with shared characteristics
may mean that our models are missing additional branches, which may be characterized by
different predictors. This may mean subgroups with distinct characteristic may be missing,
which impacts the ability of the model to accurately represent the underlying population, but
it may not dramatically affect the observed relationships represented in the tree.

The availability of predictive variables for all participants was a challenge in this
research, particularly when working with the NLSCY cohort. There were high levels of
missing values for some of the predictor variables in the model (>4%). Due to the high
number of predictors, participants were not excluded based on missing data for the
predictors, however, for variables that had a high level of missing data (>4%), the missing
data was coded as a separate category in the analysis. The level of missing data was
particularly high in some of the prenatal questions for the NLSCY, as the mothers of older
children recruited in the study were not asked about prenatal exposures. Mothers of older
participants were not asked about prenatal and postnatal exposures and behaviours, so the
missing was linked to the age of the participant. This might affect the modeling, including
the strength of association and ability to detect effect. This limitation was partly addressed by
comparing the results to the ALSPAC birth cohort, which did not suffer from this limitation
as all participants were asked about pre- and post-natal factors.

Further, older children had more opportunities to answer the suicide questionnaire. At
104



the end of cycle 8, the older participants provided responses from age 12/13 through age
16/17, while the youngest children only had the opportunity to respond to the module from
age 12/13 to age 14/15. With this important consideration in mind, a sensitivity analysis was
conducted, which showed that the models did not perform differently in the three age
cohorts.

In both datasets, most predictor variables were collected by parent self-report
questionnaires, while the outcomes were determined by youth self-report questionnaires. The
use of self-report may introduce bias to the results, particularly social desirability bias. For
the predictor variables, the social desirability bias may affect the willingness of parents to
disclose participation in socially stigmatized behaviours on the early-life questionnaires in an
effort to give responses that show them in a favorable light (257). This may cause under-
reporting of socially-perceived negative exposures, like prenatal use of alcohol or other
substances, stressful life experiences, or the report of early childhood exposure to child
abuse. This may affect the ability to detect associations between early-life factors and
adolescent outcomes, if systematically underreported.

The accurate, reliable measure of adolescent health and social outcomes was
important to the research question, with implications for the ability to accurately detect true
associations between risk factors and adolescent outcomes. Both studies use youth self-report
questionnaires to recall suicidal ideation and other health risk behaviours, like participation
in antisocial or illegal activities, substance use, mental and physical health status, health risk
behaviours, and academic performance. The accuracy and reliability of youth self-report
measures have been questioned as some of these factors may be hard to recall or they may be
sensitive, causing the respondents to under-report them (258). Alternately, some respondents

may over-report certain health behaviours if they believe the behaviour is socially desirable
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(258). Investigation into the Youth Risk Behaviour Survey, which asks about substance use,
sexual behaviour, suicide attempts, and physical activity, have shown that overall, youth
appear to report health risk behaviours accurately over time with acceptable validity and
reliability (259,260).

Considering that suicidal ideation was the primary outcome of this research, a
limitation in this study was the measurement of suicidal thoughts. Access to a more nuanced,
thorough measurement of suicidal ideation that includes measures of passive versus active
ideation, frequency, duration, and severity might provide interesting information to this
research. Further, the reliance on the suicide continuum as the theoretical underpinnings for
the skip logic in the questionnaire limit the investigation of other suicidal outcomes, as the
questionnaire assumes that an individual must endorse suicidal thoughts in order to be asked
questions about behaviours, plans, or attempts.

There are several important limitations related to the design of this research project.
In the initial development of the predictive models in the NLSCY, there were three main
limitations. Firstly, in order to create the models, predictors were dichotomized, which
results in a loss of information particularly for the continuous variables. By dichotomizing
variables, we lose the ability to detect dose-response relationships and potentially falsely
create groups with heterogeneous experiences of various exposures. For example,
postpartum depression was coded as “yes” or “no” without consideration for whether the
period of depression was short or prolonged or what level of severity the postpartum
depression was. Secondly, the model treats all predictors as though they are independent
predictors, however, many of the variables are highly correlated, although formal tests of
correlation were not conducted. This correlation may influence the replicability of the

results. Thirdly, when specifying the CART model, cross-validation techniques were not
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used even though it is an oft-recommended approach. Cross-validation was not used in order
to use the same pruning approach as the CHID model, as it is not possible in the manual
procedure; however, further work on cross-validation of this model may be recommended.

During the validation stage, the major limitation was that the exact measures were not
always available in ALSPAC. While both surveys measured a wide range of variables, they
were not always directly comparable, which has implications for the ability to compare the
model in the separate cohorts. For each of the model predictors from the NLSCY, the closest
proxy was selected in ALSPAC, but for several variables there was not an appropriate
substitute. These included a measure of developmental delay (as there are issues with the
measure used in ALSPAC so the data has not yet been released); rural or urban residence
was not asked in ALSPAC; and there was not a measure of childhood activity limitation due
to a chronic condition. These variables were excluded from the validation study.

When discussing the implications of this research, an important distinction must be
made between the predictors and causes of adverse adolescent outcomes. This research
investigated the predictors of suicidal ideation and other adverse outcomes, but these
predictors are not necessarily the causes of said outcomes. The predictors may be markers for
the underlying causes or they may exist on the causal pathway between the true causes of
adverse adolescent outcomes. This differentiation is critical in the application of this
research, as interventions focused on eliminating the identified predictors may not directly
correspond to the reduction or elimination of negative outcomes. Rather, this research has
identified subgroups that are at increased risk of adverse outcomes, which might benefit from
evidence-based interventions aimed at improving the outcomes later in life.

Despite these limitations, there are important strengths to the data and approach used

in this research project. The use of large, prospective cohort studies is a major strength as
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these studies provide some of the best information for etiological research. Both the NLSCY
and ALSPAC have large samples that are considered to be nationally representative of
Canada and Britain, respectively (233,261). Since this data is nationally representative, the
results are generalizable to the general population of each country, meaning these models
may describe what is happening across Canada/Britain, not just limited to the study
population. Further, since both of these datasets sample a large number of participants, we
were able to investigate somewhat rare outcomes and to investigate a broad range of risk
factors related to these outcomes. This is important as simultaneously considering multiple
risk factors and the interactions between the variables is the primary objective of this
research project. Both datasets contain rich data, with good measures of a wide range of
possible predictive factors.

The longitudinal nature and the long duration of follow-up of these datasets is a
major strength of this research, as it allows us to disentangle questions of temporality by
ensuring that all risk factors precede the outcome. This ability to establish the temporal
sequence between risk factors and future adverse events is the major advantage that
longitudinal data has over cross-sectional research. For this research question, we can be
confident that the exposures precede the outcome, as suicidal ideation or the first occurrences
of risky health behaviours would be extremely rare in the early childhood period (262). Also,
as all data are collected prospectively, the risk of recall bias is minimized across the range of
risk factors included in the models. Recall bias was reduced, as exposures were measured
temporally proximal to their occurrence. For example, questions about prenatal factors were
asked during infancy for NLSCY participants and throughout pregnancy for ALSPAC and

did not rely on long periods of retrospective recall.

108



5.4.1 Suggestions for further research

While individuals in the high-risk subgroups experience rates of suicidal ideation that
are at least twice that of the overall population, the majority of individuals in these groups do
not experience suicidal ideation. The question of “why are some children okay?” is
interesting, as many of the youth that experience multiple risk factors do not go on to exhibit
difficulties in adolescence. Further research could unpack the factors that operate throughout
childhood within high-risk groups that further determine who will go on to develop suicidal
thoughts or other adverse outcomes. Additionally, further research may investigate the
mediating factors during childhood, between 5 and 11 years of age, that determine who in the
high-risk groups go on to develop suicidal outcomes; and if there are important mediating or
protective factors present throughout childhood that prevent some youth from experiencing
suicidal thoughts or other difficulties in adolescence. If the identified high-risk groups are
followed through childhood, perhaps it may shed light onto the mediating factors that affect
whether those with vulnerability go on to exhibit negative outcomes. Moreover, research into
effective interventions to reduce risk of those who have experienced early-life adversity may
provide valuable information to how negative outcomes can be avoided in spite of exposure
to early-life difficulty.

From a methodological perspective, there are other ways to validate models that
could be considered for next steps for this research, including considering structural equation
modeling or latent class analysis that will allow a different way of capturing the relationships

between variables in the model.
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5.5 Conclusions

This research has contributed to our understanding of the complex relationship
between early life factors and suicidal thoughts in adolescence. It identified combinations of
risk factors that predict increased risk of suicidal thoughts in adolescence, suggesting that
early childhood conditions can have a significant influence on the trajectory of health into
adolescence. Importantly, this research showed that the predictors of suicidal thoughts were
not specific to suicide, and in fact, these factors predict other important outcomes, including
antisocial behaviour, substance misuse, poor physical and mental health, participation in
risky health behaviours, and poor academic performance. As the identified high-risk
subgroups experience a range of negative outcomes in adolescence, they may be important
populations to target with health promotion strategies throughout middle childhood that
mitigate the elevated vulnerability experienced by these subgroups. Alternately, more
investigation could focus on identifying factors in the early life period that could reduce risk

and support healthy development.

110



References

10.

11.

12.

13.

14.

World Health Organization. Public health action for the prevention of suicide: A framework
[Internet]. Geneva, Switzerland; 2012 p. 1-26. Available from:
http://apps.who.int/iris/bitstream/10665/75166/1/9789241503570_eng.pdf

World Health Organization. Preventing Suicide: A resource for primary health care workers
[Internet]. Geneva, Switzerland; 2000 p. 1-17. Available from:
http://www.who.int/mental_health/media/en/59.pdf

World Health Organization. Preventing suicide: A global imperative. Luxembourg; 2014 p.
92.

Moscicki EK. Epidemiology of completed and attempted suicide: Toward a framework for
prevention. Clin Neurscience Res. 2001;310-23.

Navaneelan T. Suicide rates: An overview. Statistics Canada Health at a Glance [Internet].
2012;(82). Available from: http://www.statcan.gc.ca/pub/82-624-x/2012001/article/11696-
eng.pdf

Wittchen H. The World Health Organization Composite International Diagnostic Interview
Short-Form. 2000;7(4).

Canadian Association for Suicide Prevention. The CASP Blueprint for a Canadian National
Suicide Prevention Strategy, Second Edition [Internet]. Winnipeg, Manitoba; 2009 p. 1-43.
Available from: www.casp-acps.ca

Suicide Prevention Resource Centre. About surviving suicide loss [Internet]. Suicide
Prevention Basics. 2012 [cited 2013 Jun 14]. Available from:
http://www.sprc.org/basics/about-surviving-suicide-loss

Smartrisk. The economic burden of injury in Canada. Toronto, ON; 2009 p. 1-138.
Statistics Canada. Leading causes of death in Canada, 2009. 2012.

Cutler DM, Glaeser EL, Norberg KE. Explaining the rise in youth suicide [Internet]. National
Bureau of Economic Research. Cambridge, MA; 2000 p. 1-68. Report No.: 7713. Available
from: http://www.nber.org/papers/w7713

Miller DN. Child and adolescent suicidal behavior: School-based prevention, assessment, and
intervention. Merrell KW, editor. New York, NY: The Guilford Press; 2011.

Evans E, Hawton K, Rodham K, Deeks J. The prevalence of suicidal phenomena in
adolescents: a systematic review of population-based studies. Suicide Life Threat Behav
[Internet]. 2005 Jun;35(3):239-50. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/16156486

Brabant M, Hébert M. Identification of sexually abused female adolescents at risk for suicidal
ideations: A classification and regression tree analysis. J Child Sex Abus. 2013;22:153-72.

111



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Goldston D, Daniel S, Reboussin D, Reboussin B, Frazier P, Kelley A. Suicide attempts
among formerly hospitalized adolescents: A prospective naturalistic study of risk during the
first 5 years after discharge. J Am Acad Child Adolesc Psychiatry [Internet]. The American
Academy of Child and Adolescent Psychiatry; 1999 Jun [cited 2013 Aug 23];38(6):660—71.
Available from: http://www.ncbi.nIm.nih.gov/pubmed/10361783

Haukka J, Suominen K, Partonen T, Lénnqgvist J. Determinants and outcomes of serious
attempted suicide: A nationwide study in Finland, 1996-2003. Am J Epidemiol [Internet].
2008 May 15 [cited 2013 Aug 23];167(10):1155-63. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/18343881

Lewinsohn P, Rohde P, Seeley J, Baldwin C. Gender differences in suicide attempts from
adolescence to young adulthood. J Am Acad Child Adolesc Psychiatry [Internet]. The
American Academy of Child and Adolescent Psychiatry; 2001 Apr [cited 2013 May
241;40(4):427-34. Available from: http://www.ncbi.nlm.nih.gov/pubmed/11314568

Wichstrgm L. Predictors of adolescent suicide attempts: A nationally representative
longitudinal study of Norwegian adolescents. J Am Acad Child Adolesc Psychiatry [Internet].
2000 May [cited 2013 Jul 2];39(5):603-10. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/10802978

Pfeffer C, Klerman G, Hurt S, Kakuma T, Peskin J, Siefker C. Suicidal children grow up:
Rates and psychosocial risk factors for suicide attempts during follow-up. J Am Acad Child
Adolesc Psychiatry. 1993;32(1):106-14.

Fergusson D, Horwood L, Ridder E, Beautrais A. Suicidal behaviour in adolescence and
subsequent mental health outcomes in young adulthood. Psychol Med [Internet]. 2005 Jan 6
[cited 2013 Aug 22];35(7):983-93. Available from:
http://www.journals.cambridge.org/abstract_S0033291704004167

Gibb S, Beautrais A, Fergusson D. Mortality and further suicidal behaviour after an index
suicide attempt: A 10-year study. Aust N Z J Psychiatry [Internet]. 2004;39(1-2):95-100.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/15660711

Goldman-Mellor S, Caspi A, Harrington H, Hogan S, Nada-Raja S, Poulton R, et al. Suicide
attempt in young people: A signal for long-term health care and social needs. JAMA
Psychiatry [Internet]. 2013 Dec 4 [cited 2014 Jan 31];27708(2):119-27. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/24306041

Moran P, Coffey C, Romaniuk H, Olsson C, Borschmann R, Carlin JB, et al. The natural
history of self-harm from adolescence to young adulthood: a population-based cohort study.
Lancet [Internet]. 2012 Jan 21 [cited 2013 Feb 5];379(9812):236—43. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22100201

Nordentoft M, Breum L, Munck L, Nordestgaard A, Hunding A. High mortality by natural
and unnatural causes: A 10 year follow up study of patients admitted to a poisoning treatment
centre after suicide attempts. Br Med J. 1993;306.

112



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Ostamo A, Lonngvist J. Excess mortality of suicide attempters. Soc Psychiatry Psychiatr
Epidemiol [Internet]. 2001 Jan;36(1):29-35. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/11320805

World Health Organization. mhGAP Mental Health Gap Action Programme: Scaling up care
for mental, neurological, and substance use disorders [Internet]. 2008 p. 1-37. Available from:
http://www.who.int/mental_health/evidence/mhGAP/en/

Guyer B, Ma S, Grason H, Frick K, Perry D, Sharkey A, et al. Early childhood health
promotion and its life course health consequences. Acad Pediatr [Internet]. Elsevier Ltd; 2009
[cited 2013 May 23];9(3):142-149.e1-71. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19450773

Klimes-Dougan B, Free K, Ronsaville D, Stilwell J, Welsh C, Radke-Yarrow M. Suicidal
ideation and attempts: A longitudinal investigation of children of depressed and well mothers.
J Am Acad Child Adolesc Psychiatry [Internet]. 1999 Jun [cited 2013 Jul 6];38(6):651-9.
Available from: http://www.ncbi.nIm.nih.gov/pubmed/10361782

National Research Council and Institute of Medicine. Preventing mental, emotional, and
behavioral disorders among young people: Progress and possibilities [Internet]. O’Connell M,
Boat T, Warner K, editors. Washington, DC: The National Academies Press; 2009. Available
from: http://www.ncbi.nIm.nih.gov/books/NBK32775/

Biglan A, Flay B, Embry D, Sandler I. The critical role of nurturing environments for
promoting human well-being. Am Psychol [Internet]. 2012 [cited 2014 May 1];67(4):257—71.
Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3621015&tool=pmcentrez&render
type=abstract

Yoshikawa H, Aber J, Beardslee W. The effects of poverty on the mental, emotional, and
behavioral health of children and youth: Implications for prevention. Am Psychol [Internet].
2012 [cited 2014 Mar 25];67(4):272-84. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22583341

Beskow J. Suicide in mental disorder in Swedish men. Acta Psychiatr Scand. 1979;277(1-
138).

Mcauliffe CM. Suicidal ideation as an articulation of intent: A focus for suicide prevention.
Arch Suicide Res [Internet]. 2002 [cited 2013 Feb 5];6:325-38. Available from:
http://www.hawaii.edu/hivandaids/Suicidal_Ideation_as_an_Articulation_of_Intent__A_Focu
s_for_Suicide_Prevention.pdf

Johnson J, Wood A, Gooding P, Taylor P, Tarrier N. Resilience to suicidality: The buffering
hypothesis. Clin Psychol Rev [Internet]. Elsevier Ltd; 2011 Jun [cited 2013 Feb 5];31(4):563—
91. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21276646

Berman A, Jobes D, Silverman M. Adolescent suicide: Assessment and intervention. 2nd ed.
Washington, DC: American Psychological Association; 2006.

113



36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

Arria A, O’Grady K, Caldeira K, Vincent K, Wilcox H, Wish E. Suicide ideation among
college students: A multivariate analysis. Arch Suicide Res [Internet]. 2009 Jan [cited 2013
Jan 31];13(3):230-46. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2709750&tool=pmcentrez&render
type=abstract

Fuller-Thomson E, Hamelin G, Granger S. Suicidal ideation in a population-based sample of
adolescents: Implications for family medicine practice. Fam Med [Internet]. 2013;2013:1-11.
Available from: http://www.hindawi.com/isrn/fm/2013/282378/

Funahashi T, Ibuki Y, Domon Y, Nishimura T, Akehashi D, Sugiura H. A clinical study on
suicide among schizophrenics. Psychiatry Clin Neurosci. 2000;54(2):173-9.

Ten Have M, de Graaf R, van Dorsselaer S, Verdurmen J, van ’t Land H, Vollebergh W, et al.
Incidence and course of suicidal ideation and suicide attempts in the general population. Can J
Psychiatry [Internet]. 2009 Dec;54(12):824-33. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/20047721

Bandura A. Self-efficacy: Toward a unifying theory of behavioral change. Psychol Rev.
1977;84(191-215).

Ajzen I. The theory of planned behavior. Organ Behav Hum Decis Process. 1991;50:179-211.

Greening L, Stoppelbein L, Fite P, Dhossche D, Erath S, Brown J, et al. Pathways to suicidal
behaviors in childhood. Suicide Life Threat Behav [Internet]. 2008 Mar;38(1):35-45.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/18355107

Carter G, Reith D, Whyte I, McPherson M. Repeated self-poisoning: Increasing severity of
self-harm as a predictor of subsequent suicide. Br J Psychiatry [Internet]. 2005 Mar;186:253—
7. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15738507

Gili-Planas M, Roca-Bennasar M, Ferrer-Perez V, Bernardo-Arroyo M. Suicidal ideation,
psychiatric disorder, and medical illness in a community epidemiological study. Suicide Life
Threat Behav [Internet]. 2001 Jan;31(2):207-13. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/11459253

Lewinsohn P, Rohde P, Seeley J. Adolescent suicidal ideation and attempts: Prevalence, risk
factors, and clinical implications. Clin Psychol. 1996;3(1):25-46.

Mann J, Waternaux C, Haas G, Malone K. Toward a clinical model of suicidal behavior in
psychiatric patients. Am J Psychiatry [Internet]. 1999 Feb;156(2):181-9. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/9989552

Miller T, Taylor D. Adolescent suicidality: Who will ideate, who will act? Suicide Life-
Threatening Behav. 2005;35(4):425-35.

Rhodes A, Bethell J, Candidate D, Carlisle C, Rosychuk R, Lu H, et al. Time trends in
suicide-related behaviours in girls and boys. Can J Psychiatry. 2014;59(3):152-9.

114



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Nock M, Green J, Hwang I, McLaughlin K, Sampson N, Zaslavsky A, et al. Prevalence,
correlates and treatment of lifetime suicidal behavior among adolescents: Results from the
National Comorbidity Survey Replication - Adolescent Supplement (NCS-A). JAMA
Psychiatry. 2014;70(3):55-79.

Hawton K, Saunders K, O’Connor R. Self-harm and suicide in adolescents. Lancet [Internet].
Elsevier Ltd; 2012 Jun 23 [cited 2013 Feb 3];379(9834):2373-82. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22726518

Peter T, Roberts L, Buzdugan R. Suicidal ideation among Canadian youth: A multivariate
analysis. Arch Suicide Res [Internet]. 2008 Jan;12(3):263-75. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/18576207

Fuller-Thomson E, Dalton A. Suicidal ideation among individuals whose parents have
divorced: Findings from a representative Canadian community survey. Psychiatry Res
[Internet]. Elsevier Ltd; 2011 May 15 [cited 2013 Jul 15];187(1-2):150-5. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21251718

Cash S, Bridge J. Epidemiology of youth suicide and suicidal behavior. Curr Opin Pediatr.
2009;21(5):613-9.

Evans E, Hawton K, Rodham K. Suicidal phenomena and abuse in adolescents: A review of
epidemiological studies. Child Abuse Negl [Internet]. 2005 Jan [cited 2013 Aug 1];29(1):45—
58. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15664425

Beautrais A. Risk factors for suicide and attempted suicide among young people. Aust N Z J
Psychiatry. 2000;34:420-36.

Brent D, Perper J, Kolko D, Zelenak J. The psychological autopsy: Methodological
considerations for the study of adolescent suicide. J Am Acad Child Adoelsc Psychiatry.
1988;27(3):362-6.

Hjelmeland H, Dieserud G, Dyregrov K, Knizek B, Leenaars A. Psychological autopsy
studies as diagnostic tools: Are they methodologically flawed? Death Stud [Internet]. 2012
Aug [cited 2014 Jul 27];36(7):605-26. Available from:
http://www.tandfonline.com/doi/abs/10.1080/07481187.2011.584015

Wiktorsson S. Attempted suicide in late life - A prospective study. Goteborg, Sweden:
Univeristy of Gothenburg; 2012.

Kessler R, Borges G, Walters E. Prevalence of and risk factors for lifetime suicide attempts in
the National Comorbidity Survey. Arch Gen Psychiatry [Internet]. 1999 Jul;56(7):617-26.
Available from: http://www.ncbi.nIm.nih.gov/pubmed/10401507

Fergusson D, Woodward L, Horwood L. Risk factors and life processes associated with the
onset of suicidal behaviour during adolescence and early adulthood. Psychol Med [Internet].
2000 Jan;30(1):23-39. Available from: http://www.ncbi.nIm.nih.gov/pubmed/10722173

Wagner B. Suicidal behavior in children and adolescents. New Haven and London: Yale
University Press; 2009.

115



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Ben-shlomo Y, Kuh D. A life course approach to chronic disease epidemiology: Conceptual
models, empirical and interdisciplinary perspectives. Int J Epidemiol. 2002;31:285-93.

Bridge J, Goldstein T, Brent D. Adolescent suicide and suicidal behavior. J Child Psychol
Psychiatry [Internet]. 2006 [cited 2013 May 22];47(3-4):372-94. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/16492264

Bruffaerts R, Demyttenaere K, Borges G, Haro J, Chiu W, Hwang I, et al. Childhood
adversities as risk factors for onset and persistence of suicidal behaviour. Br J Psychiatry
[Internet]. 2010 Jul [cited 2013 Jun 10];197(1):20-7. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2894980&tool=pmcentrez&render
type=abstract

Dawes M, Mathias C, Richard D, Hill-kapturczak N, Dougherty D. Adolescent suicidal
behavior and substance use: Developmental mechanisms. Subst Abus. 2008;31(2):13-28.

McEwen B. Allostasis and allostatic load: Implications for neuropsychopharmacology.
Neuropsychopharmacology [Internet]. 2000 Feb;22(2):108-24. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/10649824

McLeroy K, Bibeau D, Steckler A, Glanz K. An ecological perspective on health promotion
programs. Health Educ Q. 1988;15(4):351-77.

Werner E, Smith R. Vulnerable but invincible: A study of resilient children. New York:
McGraw-Hill; 1982.

Sameroff A, Gutman L, Peck S. Adaptation among youth facing multiple risks: Prospective
research findings. In: Luthar SS, editor. Resilience and vulnerability: Adaptating in the
context of childhood adversitites. New York, NY: Cambridge University Press; 2003. p. 364—
91.

Anestis MD, Bagge CL, Tull MT, Joiner TE. Clarifying the role of emotion dysregulation in
the interpersonal-psychological theory of suicidal behavior in an undergraduate sample. J
Psychiatr Res [Internet]. Elsevier Ltd; 2011 May [cited 2013 Jul 6];45(5):603-11. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/21092986

Anestis M, Bender T, Selby E, Ribeiro J, Joiner T. Sex and emotion in the acquired capability
for suicide. Arch Suicide Res [Internet]. 2011 Jan [cited 2013 Jul 8];15(2):172-82. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/21541863

Joiner T. Why people die by suicide. Cambridge, MA: Harvard University Press; 2005.

Selby E, Anestis M, Bender T, Ribeiro J, Nock K, Rudd M, et al. Overcoming the fear of
lethal injury: Evaluating suicidal behavior in the military through the lens of the Interpersonal-
Psychological Theory of Suicide. Clin Psychol Rev. 2010;30(3):298-307.

Jamison K. Night falls fast: Understanding suicide. 1st ed. New York: Knopf & Random
House; 1999.

116



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Kraemer H, Kazdin A, Offord D, Kessler R, Jensen P, Kupfer D. Coming to terms with the
terms of risk. Arch Gen Psychiatry. 1997;54:337-43.

Weir E. Suicide: The hidden epidemic. Can Med Assoc J [Internet]. 2001;165(5):634-6.
Available from: http://www.statcan.gc.ca/pub/82-624-x/2012001/article/11696-eng.htm

Durkheim E. Suicide: A study in sociology [Internet]. New York, NY: Free Press; 1951.
Available from: http://solomon.soth.alexanderstreet.com.proxy.bib.uottawa.ca/cgi-
bin/asp/philo/soth/documentidx.pl?sourceid=510019523

Beautrais A. Life course factors associated with suicidal behaviors in young people. Am
Behav Sci [Internet]. 2003 May 1 [cited 2013 Jan 31];46(9):1137-56. Available from:
http://abs.sagepub.com/cgi/doi/10.1177/0002764202250657

Prinstein M. Social factors: Peer relationships. In: Spirito A, Overholser J, editors. Evaluating
and Treating Adolescent Suicide Attempters: From Research to Practice. San Diego, CA:
Elsevier Science; 2003. p. 193-2009.

Sanchez F. Understanding suicide and its prevention: A neuropsychological approach.
Indiana; Xlibris; 2010.

Rose G. Strategy of prevention: lessons from cardiovascular disease. Br Med J (Clin Res Ed)
[Internet]. 1981 Jun 6;282(6279):1847-51. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1506445&tool=pmcentrez&render
type=abstract

Agerbo E, Nordentoft M, Mortensen P. Family, psychiatric, and socioeconomic risk factors
for suicide in young people: A nested case-control study. Br Med J. 2002;325(July):1-5.

Engin E, Cuhadar D, Ozturk E. Healthy life behaviors and suicide probability in university
students. Arch Psychiatr Nurs [Internet]. Elsevier Inc.; 2012 Feb [cited 2013 Feb 5];26(1):43—
53. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22284079

Almeida O, Draper B, Snowdon J, Lautenschlager N, Pirkis J, Byrne G, et al. Factors
associated with suicidal thoughts in a large community study of older adults. Br J Psychiatry
[Internet]. 2012 Dec [cited 2013 Jan 28];201(6):466—72. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23209090

Gould M, Greenberg T, Velting DM, Shaffer D. Youth suicide risk and preventive
interventions: A review of the past 10 years. J Am Acad Child Adolesc Psychiatry [Internet].
The American Academy of Child and Adolescent Psychiatry; 2003 Apr [cited 2013 Feb
5];42(4):386—405. Available from: http://www.ncbi.nlm.nih.gov/pubmed/12649626

Taliaferro L, Muehlenkamp J. Risk and protective factors that distinguish adolescents who
attempt suicide from those who only consider suicide in the past year. Suicide Life-
Threatening Behav [Internet]. 2013 Jul 15 [cited 2013 Jul 15];2001:1-17. Available from:
http://doi.wiley.com/10.1111/sltb.12046

117



87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Nojomi M, Malakouti S-K, Bolhari J, Poshtmashhadi M. A predictor model for suicide
attempt: Evidence from a population-based study. Arch Iran Med [Internet]. 2007
Oct;10(4):452-8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/17903049

Joiner T, Brown J, Wingate L. The psychology and neurobiology of suicidal behavior. Annu
Rev Psychol [Internet]. 2005 Jan [cited 2013 Jul 4];56:287-314. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/15709937

Eikelenboom M, Smit J, Beekman A, Penninx B. Do depression and anxiety converge or
diverge in their association with suicidality? J Psychiatr Res [Internet]. Elsevier Ltd; 2012
May [cited 2013 Feb 5];46(5):608-15. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22340981

Tishler C, Reiss N, Rhodes A. Suicidal behavior in children younger than twelve: A
diagnostic challenge for emergency department personnel. Acad Emerg Med [Internet]. 2007
Sep [cited 2013 Jul 30];14(9):810-8. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17726127

Goldston D, Reboussin B, Daniel S. Predictors of suicide attempts: State and trait
components. J Abnorm Psychol [Internet]. 2006 Nov [cited 2013 Aug 23];115(4):842-9.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/17100542

Menon V, Kattimani S, Shrivastava M, Thazath H. Clinical and socio-demographic correlates
of suicidal intent among young adults: A study from South India. Crisis [Internet]. 2013 Jan 1
[cited 2014 Mar 25];34(4):282-8. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23685339

Ten Have M, van Dorsselaer S, de Graaf R. Prevalence and risk factors for first onset of
suicidal behaviors in the Netherlands Mental Health Survey and Incidence Study-2. J Affect
Disord [Internet]. Elsevier; 2013 May [cited 2014 Jan 24];147(1-3):205-11. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23200296

Borowsky I, Ireland M, Resnick M. Adolescent suicide attempts: Risks and protectors.
Pediatrics [Internet]. 2001 Mar 1 [cited 2013 Jul 1];107(3):485-93. Available from:
http://pediatrics.aappublications.org/cgi/doi/10.1542/peds.107.3.485

Guan K, Fox K, Prinstein M. Nonsuicidal self-injury as a time-invariant predictor of
adolescent suicide ideation and attempts in a diverse community sample. J Consult Clin
Psychol. 2012;80(5):842-9.

Fleming T, Merry S, Robinson E, Denny S, Watson P. Self-reported suicide attempts and
associated risk and protective factors among secondary school students in New Zealand. Aust
N Z J Psychiatry. 2007;41:213-21.

Logan J, Crosby A, Hamburger M. Suicidal ideation, friendships with delinquents, social and
parental connectedness, and differential associations by sex: Findings among high-risk
pre/early adolescent population. Crisis [Internet]. 2011 Jan [cited 2013 May 31];32(6):299—
309. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21940255

118



98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

1009.

Young R, Sweeting H, Ellaway A. Do schools differ in suicide risk? The influence of school
and neighbourhood on attempted suicide, suicidal ideation and self-harm among secondary
school pupils. BMC Public Health [Internet]. BioMed Central Ltd; 2011 Jan [cited 2013 Jun
13];11(1):874. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3280202&tool=pmcentrez&render
type=abstract

Waldrop A, Hanson R, Resnick H, Kilpatrick D, Naugle A, Saunders B. Risk factors for
suicidal behavior among a national sample of adolescents: Implications for prevention. J
Trauma Stress. 2007;20(5):869-79.

Kalsbeek W, Heiss G. Building bridges between populations and samples in epidemiological
studies. Annu Rev Public Heal. 2000;21:147—69.

Chu J, Goldblum P, Floyd R, Bongar B. The cultural theory and model of suicide. Appl Prev
Psychol [Internet]. Elsevier Ltd; 2010 Jun [cited 2013 Feb 5];14(1-4):25-40. Available from:
http://linkinghub.elsevier.com/retrieve/pii/S0962184911000035

Haas A, Eliason M, Mays V, Mathy R, Cochran S, D’ Augelli A, et al. Suicide and suicide risk
in lesbian, gay, bisexual, and transgender populations: Review and recommendations. J
Homosex [Internet]. 2011 Jan [cited 2013 Feb 5];58(1):10-51. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21213174

Hegna K, Wichstrom L. Suicide attempts among Norwegian gay, lesbian and bisexual youths:
General and specific risk factors. Acta Sociol [Internet]. 2007 Mar 1 [cited 2013 Feb
5];50(1):21-37. Available from: http://asj.sagepub.com/cgi/doi/10.1177/0001699307074880

Liu R, Mustanski B. Suicidal ideation and self-harm in leshian, gay, bisexual, and transgender
youth. Am J Prev Med [Internet]. Elsevier Inc.; 2012 Mar [cited 2013 Jul 30];42(3):221-8.
Available from: http://www.ncbi.nIm.nih.gov/pubmed/22341158

Needham B. Sexual attraction and trajectories of mental health and substance use during the
transition from adolescence to adulthood. J Youth Adolesc [Internet]. 2012 Feb [cited 2013
Feb 5];41(2):179-90. Available from: http://www.ncbi.nIm.nih.gov/pubmed/22076077

Bertini K. Understanding and preventing suicide: The development of self-destructive patterns
and ways to alter them. Westport, Conneticut: Praeger Publishers; 2009.

Labonte B, Turecki G. The epigenetics of suicide: Explaining the biological effects of early
life environmental adversity. Arch Suicide Res [Internet]. 2010 Jan [cited 2013 May
29];14(4):291-310. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21082447

Turecki G, Ernst C, Jollant F, Labonté B, Mechawar N. The neurodevelopmental origins of
suicidal behavior. Trends Neurosci [Internet]. 2012 Jan [cited 2013 Feb 5];35(1):14-23.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/22177979

Niederkrotenthaler T, Rasmussen F, Mittendorfer-Rutz E. Perinatal conditions and parental
age at birth as risk markers for subsequent suicide attempt and suicide: A population based
case-control study. Eur J Epidemiol [Internet]. 2012 Sep [cited 2013 Jul 15];27(9):729-38.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/22911024

119



110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

Blasco-Fontecilla H, Jaussent I, Olié E, Garcia E, Beziat S, Malafosse A, et al. Additive
effects between prematurity and postnatal risk factors of suicidal behavior. J Psychiatr Res
[Internet]. Elsevier Ltd; 2013 Jul [cited 2014 Jan 24];47(7):937-43. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23535031

Mittendorfer-Rutz E, Rasmussen F, Wasserman D. Restricted fetal growth and adverse
maternal psychosocial and socioeconomic conditions as risk factors for suicidal behaviour of
offspring: A cohort study. Lancet [Internet]. 2004;364(9440):1135-40. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/15451220

Bjerngaard J, Bjerkeset O, Vatten L, Janszky I, Gunnell D, Romundstad P. Maternal age at
child birth, birth order, and suicide at a young age: A sibling comparison. Am J Epidemiol
[Internet]. 2013 Apr 1 [cited 2013 Jul 1];177(7):638—44. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23479347

Bebbington P, Minot S, Cooper C, Dennis M, Meltzer H, Jenkins R, et al. Suicidal ideation,
self-harm and attempted suicide: Results from the British Psychiatric Morbidity Survey 2000.
Eur Psychiatry [Internet]. Elsevier Masson SAS; 2010 Nov [cited 2013 Feb 5];25(7):427-31.
Available from: http://www.ncbi.nIm.nih.gov/pubmed/20627465

Boeninger D, Masyn K, Feldman B, Conger R. Sex differences in developmental trends of
suicide ideation, plans, and attempts among European American adolescents. Suicide Life
Threat Behav. 2011;40(5):451-64.

Kokkevi A, Rotsika V, Arapaki A, Richardson C. Adolescents’ self-reported suicide attempts,
self-harm thoughts and their correlates across 17 European countries. J Child Psychol
Psychiatry [Internet]. 2012 Apr [cited 2013 Feb 5];53(4):381-9. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21895649

Smalley N. Young people, gender and suicide: A review of research on the social context. J
Soc Work [Internet]. 2005 Aug 1 [cited 2013 Feb 5];5(2):133-54. Available from:
http://jsw.sagepub.com/cgi/doi/10.1177/1468017305054953

Sugawara N, Yasui-Furukori N, Sasaki G, Tanaka O, Umeda T, Takahashi I, et al. Gender
differences in factors associated with suicidal ideation and depressive symptoms among
middle-aged workers in Japan. Ind Health [Internet]. 2012 Dec 26;51:202-13. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23268835

Hawton K. Sex and suicide. Gender differences in suicidal behaviour. Br J Psychiatry
[Internet]. 2000 Dec;177:484-5. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/11102320

Langhinrichsen-Rohling J, Friend J, Powell A. Adolescent suicide, gender, and culture: A rate
and risk factor analysis. Aggress Violent Behav [Internet]. Elsevier Ltd; 2009 Sep [cited 2013
Feb 5];14(5):402-14. Available from:
http://linkinghub.elsevier.com/retrieve/pii/S1359178909000731

Park H, Koo H, Schepp K. Predictors of suicidal ideation for adolescents by gender. Taehan
Kanho Hakhoe Chi [Internet]. 2005 Dec;35(8):1433-42. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/16415624

120



121.

122.

123.

124,

125.

126.

127.

128.

129.

130.

131.

Eaton D, Foti K, Brener N, Crosby A, Flores G, Kann L. Associations between risk behaviors
and suicidal ideation and suicide attempts: Do racial/ethnic variations in associations account
for increased risk of suicidal behaviors among Hispanic/Latina 9th- to 12th-grade female
students? Arch Suicide Res [Internet]. 2011 Jan [cited 2013 Jul 15];15(2):113-26. Available
from: http://mwww.ncbi.nlm.nih.gov/pubmed/21541858

Rew L, Thomas N, Horner S, Resnick M, Beuhring T. Correlates of recent suicide attempts in
a triethnic group of adolescents. J Nurs Scholarsh [Internet]. 2001 Jan;33(4):361-7. Available
from: http://www.ncbi.nIm.nih.gov/pubmed/11775307

Trovato F. Suicide and ethnic factors in Canada. Int J Soc Psychiatry [Internet]. 1986 Sep 1
[cited 2014 Jan 24];32(3):55-64. Available from:
http://isp.sagepub.com/cgi/doi/10.1177/002076408603200308

Zayas L, Pilat A. Suicidal behavior in Latinas: Explanatory cultural factors and implications
for intervention. Suicide Life-Threatening Behav. 2008;38(June):334-42.

Reading C, Wien F. Health inequalities and social determinants of Aboriginal Peoples’ health.
Prince George, BC; 2009.

Langille D, Asbridge M, Kisely S, Rasic D. Suicidal behaviours in adolescents in Nova
Scotia, Canada: Protective associations with measures of social capital. Soc Psychiatry
Psychiatr Epidemiol [Internet]. 2012 Oct [cited 2013 Jan 3];47(10):1549-55. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22200838

Nkansah-Amankra S, Diedhiou A, Agbanu S, Agbanu H, Opoku-Adomako N, Twumasi-
Ankrah P. A longitudinal evaluation of religiosity and psychosocial determinants of suicidal
behaviors among a population-based sample in the United States. J Affect Disord [Internet].
Elsevier B.V.; 2012 Jun [cited 2013 Feb 5];139(1):40-51. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22483954

Walker R, Utsey S, Bolden M, Williams O. Do sociocultural factors predict suicidality among
persons of African descent living in the U.S.? Arch Suicide Res [Internet]. 2005 Jan [cited
2013 Jul 2];9(2):203-17. Available from: http://www.ncbi.nlm.nih.gov/pubmed/16020163

Judd F, Cooper A, Fraser C, Davis J. Rural suicide — people or place effects ? Aust N Z J
Psychiatry. 2006;40:208-16.

Sawyer M., Arney F, Baghurst P., Clark J, Graetz B, Kosky R, et al. The mental health of
young people in Australia: Key findings from the Child and Adolescent component of the
National Survey of Mental Health and Well-being. Aust N Z J Psychiatry [Internet]. 2001 Jan
[cited 2014 Sep 21];35(6):806-14. Available from:
http://anp.sagepub.com/lookup/doi/10.1046/j.1440-1614.2001.00964.x

Egger H, Angold A. Common emotional and behavioral disorders in preschool children:
Presentation, nosology, and epidemiology. J Child Psychol Psychiatry [Internet]. 2006 [cited
2014 Jul 10];47(3-4):313-37. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/16492262

121



132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Tremblay R, Nagin D, Seguin J, Zoccolillo M, Zelazo P, Boivin M, et al. Physical aggression
during early childhood: Trajectories and predictors. Pediatrics. 2004;114(1):e43—50.

Gvion Y, Apter A. Aggression, impulsivity, and suicide behavior: A review of the literature.
Arch Suicide Res [Internet]. 2011 Jan [cited 2013 Jul 15];15(2):93-112. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21541857

Van Dulmen M, Mata A, Claxton S, Klipfel K, Schinka K, Swahn M, et al. Longitudinal
associations between violence and suicidality from adolescence into adulthood. Suicide Life
Threat Behav [Internet]. 2013 Jun 1 [cited 2013 Jun 26];1-9. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23725554

Nygaard Christoffersen M, Soothill K, Francis B. Violent life events and social disadvantage:
A systematic study of the social background of various kinds of lethal violence, other violent
crime, suicide, and suicide attempts. J Scand Stud Criminol Crime Prev [Internet]. 2007 Dec
[cited 2013 Feb 5];8(2):157-84. Available from:
http://www.tandfonline.com/doi/abs/10.1080/14043850701498469

Giegling I, Olgiati P, Hartmann A, Calati R, Mdller H-J, Rujescu D, et al. Personality and
attempted suicide. Analysis of anger, aggression and impulsivity. J Psychiatr Res [Internet].
Elsevier Ltd; 2009 Dec [cited 2013 Feb 5];43(16):1262—-71. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19481222

Bhola P, Rekha D, Sathyanarayanan V, Daniel S, Thomas T. Self-reported suicidality and its
predictors among adolescents from a pre-university college in Bangalore, India. Asian J
Psychiatr [Internet]. Elsevier B.V.; 2014 Feb [cited 2014 Feb 27];7(1):38-45. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/24524708

Sourander A, Klomek, Anat BrunsteinNiemela S, Haavisto A, Gyllenberg D, Helenius H,
Sillanmaki L, et al. Childhood predictors of completed and severe suicide attempts. Arch Gen
P. 2009;66(4):398-406.

Alati R, Gunnell D, Najman J, Williams G, Lawlor D. Is IQ in childhood associated with
suicidal thoughts and attempts? Findings from the Mater University Study of Pregnancy and
its outcomes. Suicide Life Threat Behav [Internet]. 2009 Jun;39(3):282-93. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19606920

Qin P, Hawton K, Mortensen PB, Webb R. Combined effects of physical illness and comorbid
psychiatric disorder on risk of suicide in a national population study. Br J Psychiatry
[Internet]. 2014 Feb 27 [cited 2014 Mar 5]; Available from:
http://www.ncbi.nlm.nih.gov/pubmed/24578445

Bebbington P, Cooper C, Minot S, Brugha TS, Jenkins R, Meltzer H, et al. Suicide attempts,
gender, and sexual abuse: Data from the 2000 British Psychiatric Morbidity Survey. AmJ
Psychiatry [Internet]. 2009 Oct;166(10):1135-40. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19723788

Enns M, Cox B, Afifi T, De Graaf R, Ten Have M, Sareen J. Childhood adversities and risk
for suicidal ideation and attempts: A longitudinal population-based study. Psychol Med

122



143.

144,

145.

146.

147.

148.

149.

150.

151.

[Internet]. 2006 Dec [cited 2013 Jun 4];36(12):1769-78. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/16999880

Afifi T, Enns M, Cox B, Asmundson G, Stein M, Sareen J. Population attributable fractions of
psychiatric disorders and suicide ideation and attempts associated with adverse childhood
experiences. Am J Public Health [Internet]. 2008 May [cited 2014 May 2];98(5):946-52.
Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2374808&tool=pmcentrez&render
type=abstract

Spirito A, Esposito-Smythers C. Attempted and completed suicide in adolescence. Annu Rev
Clin Psychol [Internet]. 2006 Jan [cited 2013 Feb 5];2:237-66. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17716070

Rosenburg H, Jankowski M, Sengupta A, Wolfe R, Wolford G, Rosenburg S. Single and
multiple suicide attempts and associated health risk factors in New Hampshire adolescents.
Suicide and Life-Threatening Bheavior. 2005;35(5):547-57.

Torchalla I, Strehlau V, Li K, Schuetz C, Krausz M. The association between childhood
maltreatment subtypes and current suicide risk among homeless men and women. Child
Maltreat [Internet]. 2012 May [cited 2013 Jun 26];17(2):132-43. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22548892

Cero |, Sifers S. Moderating factors in the path from physical abuse to attempted suicide in
adolescents: Application of the interpersonal-psychological theory of suicide. Suicide Life
Threat Behav [Internet]. 2013 Jun [cited 2013 Jul 6];43(3):296-304. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23379475

Pompili M, Innamorati M, Szanto K, Di Vittorio C, Conwell Y, Lester D, et al. Life events as
precipitants of suicide attempts among first-time suicide attempters, repeaters, and non-
attempters. Psychiatry Res [Internet]. Elsevier Ireland Ltd; 2011 Apr 30 [cited 2013 Feb
5];186(2-3):300-5. Available from: http://www.ncbi.nlm.nih.gov/pubmed/20889216

Dunn E, McLaughlin K, Slopen N, Rosand J, Smoller J. Developmental timing of child
maltreatment and symptoms of depression and suicidal ideation in young adulthood: Results
from the National Longitudinal Study of Adolescent Health. Depress Anxiety [Internet]. 2013
Oct [cited 2014 Aug 6];30(10):955-64. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23592532

Dube S, Felitti V, Dong M, Giles W, Anda R. The impact of adverse childhood experiences
on health problems: Evidence from four birth cohorts dating back to 1900. Prev Med (Baltim)
[Internet]. 2003 Sep [cited 2013 Aug 23];37(3):268-77. Available from:
http://linkinghub.elsevier.com/retrieve/pii/S0091743503001233

Martin G, Bergen H, Richardson A, Roeger L, Allison S. Sexual abuse and suicidality:
Gender differences in a large community sample of adolescents. Child Abuse Negl [Internet].
2004 May [cited 2014 Mar 25];28(5):491-503. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/15159067

123



152.

153.

154,

155.

156.

157.

158.

159.

160.

161.

162.

Rowe C, Walker K, Britton P, Hirsch J. The relationship between negative life events and
suicidal behavior: Moderating role of basic psychological needs. Crisis [Internet]. 2013 Jan 1
[cited 2014 Mar 25];34(4):233-41. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23261914

Konick L, Gutierrez P. Testing a model of suicide ideation in college students. Suicide Life
Threat Behav [Internet]. 2005 Apr;35(2):181-92. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/15843335

Mclntyre L, Williams J, Lavorato D, Patten S. Depression and suicide ideation in late
adolescence and early adulthood are an outcome of child hunger. J Affect Disord [Internet].
Elsevier; 2013 Aug 15 [cited 2013 Aug 15];150(1):123-9. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23276702

Congdon P. Latent variable model for suicide risk in relation to social capital and socio-
economic status. Soc Psychiatry Psychiatr Epidemiol [Internet]. 2012 Aug [cited 2013 Jan
25];47(8):1205-19. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21874524

Rojas Y, Stenberg S-A. Early life circumstances and male suicide: A 30-year follow-up of a
Stockholm cohort born in 1953. Soc Sci Med [Internet]. Elsevier Ltd; 2010 Feb [cited 2013
Feb 5];70(3):420-7. Available from: http://www.ncbi.nIm.nih.gov/pubmed/19910098

Myrskyla M, Fenelon A. Maternal age and offspring adult health: Evidence from the health
and retirement study. Demography [Internet]. 2012 Nov [cited 2014 Jul 28];49(4):1231-57.
Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3881604&tool=pmcentrez&render
type=abstract

Bronisch T, Lieb R. Maternal suicidality and suicide risk in offspring. Psychiatr Clin North
Am [Internet]. 2008 Jun [cited 2013 Jul 30];31(2):213-21. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/18439445

Rossow I, Moan IS. Parental intoxication and adolescent suicidal behavior. Arch Suicide Res
[Internet]. 2012 Jan [cited 2013 May 29];16(1):73-84. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22289029

The Chief Public Health Officer. The Chief Public Health Officer’s report on the state of
public health in Canada 2011: Youth and young adults - Life in transition [Internet]. Ottawa;
2011 p. 1-182. Available from: http://publichealth.gc.ca/CPHOreport

Michelson D, Bhugra D. Family environment, expressed emotion and adolescent self-harm: A
review of conceptual, empirical, cross-cultural and clinical perspectives. Int Rev Psychiatry
[Internet]. 2012 Apr [cited 2013 Feb 5];24(2):106-14. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22515458

Cero |, Sifers S. Parenting behavior and the Interpersonal-Psychological Theory of Suicide: A
mediated moderation analysis with adolescents. J Affect Disord [Internet]. Elsevier; 2013 Jun
18 [cited 2013 Jun 28];1-6. Available from: http://www.ncbi.nlm.nih.gov/pubmed/23790812

124



163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

Easton S, Renner L. Factors from Durkheim’s family integration related to suicidal ideation
among men with histories of child sexual abuse. Suicide Life Threat Behav [Internet]. 2013
Jun [cited 2014 Mar 17];43(3):336-46. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23409795

Joiner T, Sachs-Ericsson N, Wingate L, Brown J, Anestis M, Selby E a. Childhood physical
and sexual abuse and lifetime number of suicide attempts: A persistent and theoretically
important relationship. Behav Res Ther [Internet]. 2007 Mar [cited 2014 Mar 25];45(3):539—
47. Available from: http://www.ncbi.nlm.nih.gov/pubmed/16765909

Keyes M, Malone S, Sharma A, lacono W, McGue M. Risk of suicide attempt in adopted and
nonadopted offspring. Pediatrics [Internet]. 2013 Oct [cited 2014 Jan 24];132(4):639-46.
Available from: http://www.ncbi.nIm.nih.gov/pubmed/24019414

Cole P, Dennis T., Smith-Simon K, Cohen L. Preschoolers’ emotion regulation strategy
understanding: Relations with emotion socialization and child self-regulation. Soc Dev
[Internet]. 2009 May [cited 2014 Aug 10];18(2):324-52. Available from:
http://doi.wiley.com/10.1111/j.1467-9507.2008.00503.x

Calkins S, Dedmon S. Physiological and behavioral regulation in two-year-old children with
aggressive/destructive behavior problems. J Abnorm Phild Psychol [Internet]. 2000
Apr;28(2):103-18. Available from: http://www.ncbi.nIm.nih.gov/pubmed/10834764

Keenan K. Emotion dysregulation as a risk factor for child psychopathology. Clin Psychol Sci
Pr. 2000;7:418-34.

Gilliom M, Shaw D, Beck J, Schonberg M., Lukon J. Anger regulation in disadvantaged
preschool boys: Strategies, antecedents, and the development of self-control. Dev Psychol
[Internet]. 2002 [cited 2014 Sep 3];38(2):222-35. Available from:
http://doi.apa.org/getdoi.cfm?doi=10.1037/0012-1649.38.2.222

Cassidy J. Emotion regulation: Influences of attachment relationships. Monogr Soc Res Child
Dev. 1994;59(2):228-49.

Sheffield Morris A, Silk J, Steinberg L, Robinson L. The role of the family context in the
development of emotion regulation. Soc Dev. 2007;16(2):1-26.

Coplan R, Arbeau K, Armer M. Don’t fret, be supportive! Maternal characteristics linking
child shyness to psychosocial and school adjustment in kindergarten. J Abnorm Child Psychol
[Internet]. 2008 Apr [cited 2014 Aug 9];36(3):359-71. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17899358

Lai K, McBride-Chang C. Suicidal ideation, parenting style, and family climate among Hong
Kong adolescents. Int J Psychol [Internet]. 2001 Apr [cited 2014 Jul 23];36(2):81-7.
Available from: http://doi.wiley.com/10.1080/00207590042000065

Allison S, Pearce C, Martin G, Miller K, Long R. Parental influence, pessimism and
adolescent suicidality. Arch Suicide Res [Internet]. 1995 Oct [cited 2014 Sep 21];1(4):229-
42. Available from: http://www.tandfonline.com/doi/abs/10.1080/13811119508258985

125



175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

Richards BM. Suicide and internalised relationships: A study from the perspective of
psychotherapists working with suicidal patients. Br J Guid Counc [Internet]. 1999 Feb [cited
2014 Aug 6];27(1):85-98. Available from:
http://www.tandfonline.com/doi/abs/10.1080/03069889908259717

Fergusson D, Lynskey M. Childhood circumstances, adolescent adjustment, and suicide
attempts in a New Zealand birth cohort. J Am Acad Child Adolesc Psychiatry.
1995;34(5):612-22.

Lewinsohn P, Rohde P, Seeley J. Psychosocial risk factors for future adolescent suicide
attempts. J Consult Clin Psychol. 1994;62(2):297-305.

McKeown R, Garrison C, Cuffe S, Waller J, Jackson K, Addy C. Incidence and predictors of
suicidal behaviors in a longitudinal sample of young adolescents. J Am Acad Child Adolesc
Psychiatry. 1998;37(6):612-9.

Mark L, Samm A, Tooding L-M, Sisask M, Aasvee K, Zaborskis A, et al. Suicidal ideation,
risk factors, and communication with parents. An HBSC study on school children in Estonia,
Lithuania, and Luxembourg. Crisis [Internet]. 2013 Jan 1 [cited 2014 Jan 24];34(1):3-12.
Available from: http://www.ncbi.nIm.nih.gov/pubmed/22846444

Lamis D, Jahn D. Parent-child conflict and suicide rumination in college students: the
mediating roles of depressive symptoms and anxiety sensitivity. J Am Coll Health [Internet].
2013 Jan [cited 2014 Jan 24];61(2):106-13. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23409860

Findlay L, Garner R, Kohen D. Trajectories of parental monitoring knowledge and their
associaitons with adolescent substance use, poor academic outcomes, and behaviour
provlems. Int J Child, Youth Fam Stud. 2013;4:403-24.

Ivert A, Svensson R, Adler H, Levander S, Rydelius P, Levander M. Pathways to child and
adolescent psychiatric clinics: A multilevel study of the significance of ethnicity and
neighbourhood social characteristics on source of referral. Child Adolesc Psychiatry Ment
Health [Internet]. BioMed Central Ltd; 2011;5(1):6. Available from:
http://www.capmh.com/content/5/1/6

Eriksson U, Hochwaélder J, Carlsund A, Sellstrém E. Health outcomes among Swedish
children: The role of social capital in the family, school and neighbourhood. Acta Paediatr
[Internet]. 2012 May [cited 2014 Jul 24];101(5):513-7. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22211735

Fone D, Dunstan F, Lloyd K, Williams G, Watkins J, Palmer S. Does social cohesion modify
the association between area income deprivation and mental health? A multilevel analysis. Int
J Epidemiol [Internet]. 2007 Apr [cited 2014 Jul 23];36(2):338-45. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17329315

Klaff A, Kroes M, Vles J, Hendriksen J, Feron F, Steyaert J, et al. Neighbourhood level and

individual level SES effects on child problem behaviour: A multilevel analysis. J Epidemiol
Community Heal. 2001;55:246-50.

126



186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

Dupéré V, Leventhal T, Lacourse E. Neighborhood poverty and suicidal thoughts and
attempts in late adolescence. Psychol Med [Internet]. 2009 Aug [cited 2013 Jul
2];39(8):1295-306. Available from: http://www.ncbi.nlm.nih.gov/pubmed/18845013

Biglan A. Helping adolescents at risk: Prevention of multiple problem behaviours. New York:
Guilford Press; 2004.

Felitti VV, Anda R, Nordenberg D, Williamson D, Spitz A, Edwards V, et al. Household
Dysfunction to Many of the Leading Causes of Death in Adults The Adverse Childhood
Experiences ( ACE ) Study. 1998;14(4):245-58.

Grantham-McGregor S, Cheung Y, Cueto S, Glewwe P, Richter L, Strupp B, et al.
Developmental potential in the first 5 years for children in developing countries. Lancet.
2007;369(9555):60-70.

Oberklaid F, Baird G, Blair M, Melhuish E, Hall D. Children’s health and development:
Approaches to early identification and intervention. Arch Dis Child [Internet]. 2013 Dec
[cited 2014 Aug 6];98(12):1008-11. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23968776

Knudsen El. Sensitive periods in the development of the brain and behavior. J Cogn Neurosci
[Internet]. 2004 Oct;16(8):1412—-25. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/15509387

Fox S, Levitt P, Nelson C. How the timing and quality of early experiences influence the
development of brain architecture. Child Dev. 2010;81(1):28-40.

Colman I, Jones P, Kuh D, Weeks M, Naicker K, Richards M, et al. Early development, stress
and depression across the life course: Pathways to depression in a national British birth
cohort. Psychol Med [Internet]. 2014 Mar 27 [cited 2014 Jul 31];44:2845-54. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/25066933

Clark C, Caldwell T, Power C, Stansfeld S. Does the influence of childhood adversity on
psychopathology persist across the lifecourse? A 45-year prospective epidemiologic study.
Ann Epidemiol [Internet]. 2010 May [cited 2014 Aug 29];20(5):385-94. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/20382340

Durkheim E. On suicide. 2006th ed. London; New York: Penguin Books; 1897.

Matusik S, Laska-Mierzejewska T, Chrzanowska M. Socioeconomic determinants of
menarche in rural Polish girls using the decision trees method. J Biosoc Sci [Internet]. 2011
May [cited 2014 Mar 12];43(3):257-69. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21211091

Afonso A, Ebell M, Gonzales R, Stein J, Genton B, Senn N. The use of classification and
regression trees to predict the likelihood of seasonal influenza. Fam Pract [Internet]. 2012 Dec
[cited 2014 Mar 12];29(6):671-7. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22427440

127



198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

D’Alisa S, Miscio G, Baudo S, Simone A, Tesio L, Mauro A. Depression is the main
determinant of quality of life in multiple sclerosis: A classification-regression (CART) study.
Disabil Rehabil [Internet]. 2006 Mar 15 [cited 2014 Feb 14];28(5):307-14. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/16492625

Mann J, Ellis S, Waternaux C, Liu X, Oquendo M, Malone K, et al. Classificaiton trees
distinguish suicide attempters in major psychiatric disorders: A model of clinical decision
making. J Clin Psychiatry. 2008;69(1):23-31.

Timofeev R. Classification and Regression Trees ( CART) Theory and Applicaitons. Humbolt
University, Berlin; 2004. p. 1-40.

Monahan J, Steadman H, Appelbaum P, Robbins P, Mulvey E, Silver E, et al. Developing a
clinically useful actuarial tool for assessing violence risk. Br J Psychiatry [Internet]. 2000
Apr;176:312-9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/10827877

Eaton W, Roth K, Bruce M, Cottler L, Wu L, Nestadt G, et al. The Relationship of Mental and
Behavioral Disorders to All-Cause Mortality in a 27-Year Follow-up of 4 Epidemiologic
Catchment Area Samples. Am J Epidemiol. 2013;1-12.

Gordon L. SAS Global Forum 2013 Data mining and text analytics using Classification and
Regression Trees ( CART ) in SAS ® Enterprise Miner TM For Applications in Public Health
. Leonard Gordon , University of Kentucky , Lexington , KY SAS Global Forum 2013 Data
Mi. 2013;(Gordon 2010):1-8.

Martin M, Wamboldt A, Connor S, Fortier J. A comparison of scoring models for
computerised mental health screening for federal prison inmates. Crim Behav Ment Heal.
2013;23:6-17.

Steadman H, Silver E, Monahan J, Appelbaum P, Robbins P, Mulvey E, et al. A classification
tree approach to the development of actuarial violence risk assessment tools. Law Hum Behav
[Internet]. 2000 Feb;24(1):83-100. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/10693320

Stiell I, Greenberg G, McKnight D, Nair R, McDowell I, Worthington J. Study to develop
clinical decision rules for the use of radiography in acute ankle injuries. Ann Emerg Med.
1992;21(4):384-90.

Stiell I, Greenberg G, McKnight D, Nair R, Mcdowell I, Reardon M, et al. Decision rules for
the use of radiography in acute ankle injuries: Refinement and prospective validation. J Am
Med Assoc. 1993;269(9):1127-32.

Stiell 1. Ottawa ankle rules. Can Fam Physician. 1996;42:478-80.

Wass JA. CART: A powerful decision tree tool for predictive modeling [Internet]. Scientific
Computing. 2007 [cited 2013 May 27]. Available from:
http://www.scientificcomputing.com/articles/2007/05/cart-powerful-decision-tree-tool-
predictive-modeling#.UcpX5pW-3ww

128



210.

211.

212.

213.

214,

215.

216.

217.

218.

219.

220.

221.

222.

Chipman H, George E, McCulloch R. Bayesian CART model search. J Am Statisical Assoc.
1998;93(443):935-60.

Harris A, Lurigio A. Mental illness and violence: A brief review of research and assessment
strategies. Aggress Violent Behav [Internet]. 2007 Sep [cited 2013 Jul 16];12(5):542-51.
Available from: http://linkinghub.elsevier.com/retrieve/pii/S1359178907000225

Cramb S, Mengersen K, Baade P. Identification of area-level influences on regions of high
cancer incidence in Queensland, Australia: A classification tree approach. BMC Cancer
[Internet]. BioMed Central Ltd; 2011 Jan [cited 2013 Jul 16];11(1):311. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3155913&tool=pmcentrez&render
type=abstract

Schennach R, Meyer S, Seemiiller F, Jager M, Schmauss M, Laux G, et al. Response
trajectories in “real-world” naturalistically treated schizophrenia patients. Schizophr Res
[Internet]. Elsevier B.V.; 2012 Aug [cited 2013 Jul 16];139(1-3):218-24. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22658528

Leiva-Murillo J, Lopez-Castroman J, Baca-Garcia E. Characterization of suicidal behaviour
with self-organizing maps. Comput Math Methods Med [Internet]. 2013 Jan;2013:136743.
Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3705862&tool=pmcentrez&render
type=abstract

Statistics Canada and Human Resources and Skills Development Canada. National
Longitudinal Survey of Children and Youth (NLSCY) [Internet]. Statistics Canada. 2010
[cited 2013 Jun 4]. Available from:

http://www23.statcan.gc.ca/imdb/p2SV .pl?Function=getSurvey&SDDS=4450&lang=en&db=
imdb&adm=8&dis=2

Statistics Canada. National Longitudinal Survey of Children: Overview of survey instruments
for 1994-95 data collection - Cycle 1. Ottawa, ON; 1995 p. 1-112.

Statistics Canada. National Longitudinal Survey of Children and Youth: Microdata user guide
- Cycle 3. Ottawa; 1999.

Statistics Canada. National Longitudinal Survey of Children and Youth: Survey overview for
the 2006/07 data collection - Cycle 7. Ottawa, ON; 2007 p. 1-44.

Statistics Canada. National Longitudinal Survey of Children and Youth: Survey overview for
2002/03 data collection - Cycle 5. Ottawa, ON; 2002 p. 1-32.

Statistics Canada. National Longitudinal Survey of Children and Yough: Microdata user guide
- Cycle 2. Ottawa; 1997.

Statistics Canada. National Longitudinal Survey of Children and Yough: Microdata user guide
- Cycle 1. Ottawa; 1995.

Statistics Canada. National Longitudinal Survey of Children and Youth: Microdata user guide
- Cycle 5. Ottawa; 2003.

129



223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

Statistics Canada. National Longitudinal Survey of Children and Youth: Microdata user guide
- Cycle 6. Ottawa; 2005.

Statistics Canada. National Longitudinal Survey of Children and Youth: Microdata user guide
- Cycle 7. Ottawa; 2007.

Statistics Canada. National Longitudinal Survey of Children and Youth: Microdata user guide
- Cycle 8. Ottawa; 20009.

Letourneau N, Fedick C, Willms J, Dennis C, Hegadoren K, Stewart M. Longitudinal study of
postpartum depression, maternal-child relationships, and children’s behavior to 8 years of age.
In: Devore DM, editor. Parent-child relations: New research. Nova Science Publishers; 2006.

Hanley J, McNeil B. The meaning and use of the area under a Receiver Operating
Characteristic (ROC) Curve. Radiology. 1982;143:29-36.

Yohannes Y, Webb P. Classification and regression trees, CART: A user manual for
identifying indicators of vulnerability to famine and chronic food insecurity. Washington, DC:
International Food Policy Research Institute; 1999.

SAS Institute. SAS 9.3. Cary, NC; 2011.

Tufféry S. Data mining and statistics for decision making. Chichester, UK: John Wiley &
Sons; 2011.

The R Foundation for Statistical Computing. R 3.0.3: “Warm Puppy.”2014.

Fraser A, Macdonald-Wallis C, Tilling K, Boyd A, Golding J, Davey Smith G, et al. Cohort
profile: The Avon Longitudinal Study of Parents and Children: ALSPAC mothers cohort. Int J
Epidemiol [Internet]. 2012 Feb [cited 2014 Jun 2];42(1):97-110. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3600619&tool=pmcentrez&render
type=abstract

Golding J, Pembrey M, Jones R. ALSPAC-the Avon Longitudinal Study of Parents and
Children. I. Study methodology. Paediatr Perinat Epidemiol [Internet]. 2001 Jan;15(1):74-87.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/11237119

University of Bristol. Avon Longitudinal Study of Parents and Children: Recruitment
[Internet]. 2014 [cited 2013 Jun 12]. Available from:
http://www.bristol.ac.uk/alspac/researchers/resources-available/cohort/recruitment/

Boyd A, Golding J, Macleod J, Lawlor D a, Fraser A, Henderson J, et al. Cohort profile: The
“Children of the 90s”-The index offspring of the Avon Longitudinal Study of Parents and
Children. Int J Epidemiol [Internet]. 2013 Feb [cited 2013 Aug 1];42(1):111-27. Available
from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3600618&tool=pmcentrez&render
type=abstract

Avon Longitudinal Study of Parents and Children. Representativeness. 2012.

130



237.

238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

Swanson J, Wadhwa P. Developmental origins of child mental health disorders. J Child
Psychol Psychiatry. 2008;49(10):1009-19.

Barker D. The origins of the developmental origins theory. J Intern Med [Internet]. 2007 May
[cited 2013 Jun 5];261(5):412-7. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17444880

Rostila M, Saarela J. Invited commentary: Birth order and suicide in a broader context. Am J
Epidemiol [Internet]. 2013 Apr 1 [cited 2013 Jul 1];177(7):645-8. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23479345

Rutter M, O’Connor T. Are there biological programming effects for psychological
development? Findings from a study of Romanian adoptees. Dev Psychol [Internet]. 2004 Jan
[cited 2014 Sep 15];40(1):81-94. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/14700466

Dornbusch S, Carlsmith J, Bushwall S, Ritter P, Leiderman H, Hastorf a H, et al. Single
parents, extended households, and the control of adolescents. Child Dev [Internet]. 1985
Apr;56(2):326—41. Available from: http://www.ncbi.nlm.nih.gov/pubmed/3987411

Steinberg L. Single parents, stepparents, and the susceptibility of adolescents to antisocial
peer pressure. Child Dev [Internet]. 1987 Feb;58(1):269-75. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/3816348

Fergusson D, Beautrais A, Horwood L. Vulnerability and resiliency to suicidal behaviours in
young people. Psychol Med [Internet]. 2003 Jan;33(1):61-73. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/12537037

Evans G, Kim P. Multiple risk exposure as a potential explanatory mechanism for the
socioeconomic status — health gradient. 2010;1186:174-89.

Sabates R, Dex S. Multiple risk factors in young children * s development. 2012.

Gerard J, Buehler C. Cumulative environmental risk and youth maladjustment: The role of
youth attributes. Child Dev. 2004;75(6):1832-49.

Call K, Mortimer J. Arenas of comfort in adolescence: A study of adjustment in context. New
Jersey: Lawrence Erlbaum Assoiates Inc.; 2001.

Altman D, Royston P. What do we mean by validating a prognostic model? Stat Med
[Internet]. 2000 Feb 29;19(4):453-73. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/10694730

Williams S. Bring in universal mental health checks in schools. Br Med J.
2013;347(f5478):24-6.

Gutierrez P, Osman A. Adolescent suicide: An integrated approach to the assessment of risk
and protective factor. DeKalb, IL: Northern Illinois University Press; 2008.

131



251.

252.

253.

254.

255.

256.

257.

258.

2509.

260.

261.

262.

Joiner T. Myths about suicide. Cambridge, Massachusetts: Harvard University Press; 2010.

Tooth L, Ware R, Bain C, Purdie D, Dobson A. Quality of reporting of observational
longitudinal research. Am J Epidemiol [Internet]. 2005 Mar 1 [cited 2014 Apr
29];161(3):280-8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15671260

Blanchard R, Bunker J, Wachs M. Distinguishing aging, period and cohort effects in
longitudinal studies of elderly populations. Socio-Econ Plan Sci. 1977;11:137-46.

Browne D, Odueyungbo A, Thabane L, Byrne C, Smart L. Parenting-by-gender interactions in
child psychopathology: Attempting to address inconsistencies with a Canadian national
database. Child Adolesc Psychiatry Ment Health. 2010;4(5):1-13.

Wolke D, Waylen A, Samara M, Steer C, Goodman R, Ford T, et al. Selective drop-out in
longitudinal studies and non-biased prediction of behaviour disorders. Br J Psychiatry
[Internet]. 2009 Sep [cited 2014 Jun 2];195(3):249-56. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2802508&tool=pmcentrez&render
type=abstract

Fergusson D, Lynskey M. Suicide attempts and suicidal ideation in a birth cohort of 16-year-
old New Zealanders. J Am Acad Child Adolesc Psychiatry [Internet]. The American Academy
of Child and Adolescent Psychiatry; 1995 Oct [cited 2014 Jun 1];34(10):1308-17. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/7592268

Phillips D, Clancy K. Some effects of ““ social desirability ” in survey studies. Am J Sociol.
1972;77(5):921-40.

Brener N, Billy J, Grady W. Assessment of factors affecting the validity of self-reported
health-risk behavior among adolescents: evidence from the scientific literature. J Adolesc
Heal [Internet]. 2003 Dec [cited 2014 Jul 15];33(6):436-57. Available from:
http://linkinghub.elsevier.com/retrieve/pii/S1054139X03000521

Huizinga D, Loeber R, Thornberry T. Longitudinal study of delinquency, drug use, sexual
activity, and pregnancy among children and youth in three cities. Public Health Rep [Internet].
1993 Jan;108 Suppl 90-6. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1403313&tool=pmcentrez&render
type=abstract

Brener N, Kann L, McManus T, Kinchen S, Sundberg E, Ross J. Reliability of the 1999 youth
risk behavior survey questionnaire. J Adolesc Health [Internet]. 2002 Oct;31(4):336-42.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/12359379

Statistics Canada. Microdata user guide - NLSCY Cycle 1. :1-208. Available from:
http://www23.statcan.gc.ca/imdb-bmdi/document/4450_D4 T9_V1-eng.pdf

Westefeld J, Bell A, Bermingham C, Button C, Shaw K, Skow C, et al. Suicide among
preadolescents: A call to action. J Loss Trauma [Internet]. 2010 Sep 14 [cited 2013 Jul
30];15(5):381-407. Available from:
http://www.tandfonline.com/doi/abs/10.1080/15325024.2010.507655

132



263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

Silverman M. The language of suicidology. Suicide Life Threat Behav [Internet]. 2006
Oct;36(5):519-32. Available from: http://www.nchi.nIm.nih.gov/pubmed/17087631

O’Carroll P, Berman A, Maris R, Moscicki E, Tanney B, Silverman M. Beyond the Tower of
Babel: A nomenclature for suicidology. Suicide Life Threat Behav [Internet]. 1996
Jan;26(3):237-52. Available from: http://www.ncbi.nlm.nih.gov/pubmed/8897663

Silverman M, Berman A, Sanddal N, O’Carroll P, Joiner T. Rebuilding the tower of Babel: A
revised nomenclature for the study of suicide and suicidal behaviors. Part 2: Suicide-related
ideations, communications, and behaviors. Suicide Life Threat Behav [Internet]. 2007
Jun;37(3):264-77. Available from: http://www.ncbi.nlm.nih.gov/pubmed/17579539

Nock M, Borges G, Bromet E, Cha C, Kessler R, Lee S. Suicide and suicidal behavior.
Epidemiol Rev [Internet]. 2008 Jan [cited 2013 May 21];30:133-54. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2576496 &tool=pmcentrez&render
type=abstract

World Health Organization. Suicide. Health Topics. 2013.

Kraemer H, Stice E, Kazdin A, Offord D, Kupfer D. How do risk factors work together?
Mediators, moderators, and independent, overlaping, and proxy risk factors. Am J Psychiatry.
2001;158(June):848-56.

Boyle M, Offord D, Hofmann H, Catlin G, Byles J, Crawford J, et al. Ontario Child Health
Study I. Methodology. Arch Gen Psychiatry. 1987;44:826-31.

Tremblay R, Loeber R, Gagnon C, Charlebois P, Larivée S, LeBlanc M. Disruptive boys with
stable and unstable high fighting behavior patterns during junior elementary school. J Abnorm
Child Psychol [Internet]. 1991 Jun;19(3):285-300. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/1865046

American Psychiatric Association. Diagnostic and statistical manual of mental disorders. 3rd,
revis. Washington, DC; 1987.

Elgar F, Curtis L, Mcgrath P, Waschbusch D, Stewart S. Antecedent-consequence conditions
in maternal mood and child adjustment: A four-year cross-lagged study. J Clin Child Adolesc
Psychol. 2003;32(3):362—74.

Charach A, Lin E, To T. Evaluating the Hyperactivity/Inattention Subscale of the National
Longitudinal Survey of Children and Youth. Heal reports [Internet]. 2010 Jun;21(2):43-50.
Available from: http://www.ncbi.nIm.nih.gov/pubmed/20632524

Government of Canada. The well-being of Canada’s young children: Government of Canada
report 2011 Annex A: Technical notes for indicators presented [Internet]. 2011 [cited 2014
Jan 9]. Available from: http://www.dpe-agje-ecd-elcc.ca/eng/ecd/well-being/pagel2.shtml

Cotton C. Recent Developments in the Low Income Cutoffs Prepared by : [Internet]. Ottawa,
ON; 2001 p. 1-27. Available from:
http://www.statcan.gc.ca/pub/75f0002m/75f0002m2001003-eng.pdf

133



276.

277.

278.

279.

280.

281.

282.

283.

Somers M., Willms J. Maternal depression and childhood vulnerability. In: Willms J, editor.
Vulnerable Children: Findings from Canada’s National Longitudinal Survey of Children and
Youth. Edmonton: University of Alberta Press and Human Resources Development Canada;
2002.

Naicker K, Wickham M, Colman I. Timing of first exposure to maternal depression and
adolescent emotional disorder in a national Canadian cohort. PLoS One [Internet]. 2012 Jan
[cited 2013 Feb 5];7(3):33422. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3312885&tool=pmcentrez&render
type=abstract

Boyle M, Jenkins J, Georgiades K, Cairney J, Duku E, Racine Y. Differential-maternal
parenting behavior: Estimating within- and between-family effects on children. Child Dev
[Internet]. 2004;75(5):1457—76. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/15369525

Martinez Y, Ercikan K. Chronic illnesses in Canadian children: What is the effect of illness on
academic achievement, and anxiety and emotional disorders? Child Care Health Dev
[Internet]. 2009 May [cited 2014 May 30];35(3):391-401. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19397602

Canadian Insitute for Health Information. Youth Health Outcomes and Behaviours in Relation
to Developmental Assets. Anal Br. 2009;(September).

MedCalc. Diagnostic test evaluation [Internet]. MedCalc Software. 2014. Available from:
http://www.medcalc.org/calc/diagnostic_test.php

Chittleborough C, Lawlor D, Lynch J. Young maternal age and poor child development:
predictive validity from a birth cohort. Pediatrics [Internet]. 2011 Jun [cited 2014 Jun
2];127(6):e1436-44. Available from: http://www.ncbi.nIm.nih.gov/pubmed/21536608

Brown L, Overholster J, Spirito A, Fritz G. The correlates of planning in adolescent suicide
attempts. J Am Acad Child Adolesc Psychiatry. 1991;30(1):95-9.

134



Appendices

List of tables in appendices

Table A1 Medline search strategy
Table A.2 Antisocial, externalizing behaviours questionnaire and coding

Table A.3 Substance misuse questionnaire and coding

Table A.4 Poor physical health questionnaire and coding

Table A5 Depression scale (CES-D) questionnaire and coding

Table A.6 Anxiety and Emotional Disorders (AED) questionnaire and coding
Table A.7 Risky health behaviours questionnaire and coding

Table A.8 Poor academic outcomes questionnaire and coding

Table A.9 Logistic regression SAS output - At the 0.24 (24% cutoff) for high risk:

Appendix 1 Key definitions

Suicidal thoughts (or suicidal ideation) — thoughts, intentions, and plans about harming or killing
oneself. Suicidal ideation can range in severity from thoughts of death and passive ideation to
suicidal ideation with suicide intent or suicide plan (34,51,263,264).

Suicidal Behaviours — a self-inflicted, potentially injurious behaviour, for with there is evidence
(either explicit or implicit) of intent to kill himself/herself. Suicidal behaviour may include suicidal
ideation or suicide attempt (264—266).

Suicide (or death by suicide) — the act of deliberately killing oneself, death from self-inflicted injury
where there is either implicit or explicit intent to kill oneself (264,267).

Suicidality — all suicide-related behaviours and thoughts including suicidal ideation, attempting
suicide, or death by suicide (264).

Risk - the probability of an outcome (268)

Correlate - a measure associated with the outcome (268)

Risk factor — a measurable characterization/correlate of each subject in a population that is shown to
precede the outcome and can be used to divide the population into two groups — the high-risk and the

low-risk groups (75,268)

Causal risk factor —a risk factor that, when change, is shown to change the outcome (268)
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Appendix 2  Search strategy

A literature search was conducted in September 2013 first through Medline and repeated in

EMBASE. Key search terminology was as follows (* indicates truncation): (suicid*...) AND (youth
or adolescen* or teen* or child*) AND (risk factor*). Several other search terms were also used, as
outlined in the below Medline search strategy. Medline alert were used, based on the search strategy,

to receive notifications of new publications between September 2013 and August 2014.

Table A.1 Medline search strategy

I # A Searches Results
r 1 Suicide/ 14884
r 2 Suicidal Ideation/ 1197
r 3 Suicide, Attempted/ 8766
r 4 Suicide, Attempted/ 8766
r 5 suicid*.tw. 30356
r~ 6 (suicid* adj1 ideat™).tw. 3587
r~ 7 self-murder.tw. 5
r~ 8 (fatal adj1 self-harm).tw. 45
r~ 9 self-killing.tw. 25
r~ 10 lor2or3ord4or5or6or7or8or9 35208
r~ 11 Adolescent/ 793826
r 12 Child/ 617464
r 13 1lor12 1064253
r 14 10 and 13 10863
r 15 Risk Factors/ 430641
r 16 14 and 15 2799
r 17 predict*.tw. 619643
r~ 18 14 and 17 1347
r~ 19 Epidemiology/ 2970
r~ 20 14 and 19 6
r~ 21 Prevalence/ 152016
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r 22 Incidence/ 133512
r 23 21o0r22 272488
r 24 14 and 23 1537
r~ 25 10 and 17 2922
r~ 26 exp cohort studies/ 938959
r~ 27 14 and 27 2354
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Appendix 4 NLSCY technical coding details for predictor variables
PRENATAL AND POSTNATAL FACTORS

Due to the link between pre- and post natal factors and suicidal outcomes in later life, 11 predictors
measuring aspects of the pre- and post-natal period were included in the predictive models.

VARIABLE

QUESTION

CODING

Presence of prenatal
medical problems

The PMK was asked if
the mother of the study
child had medical issues
during the prenatal
period, including
diabetes, high blood
pressure, and other
physical problems.

If at least 1 medical problem was reported,
they were coded as ‘yes.” Those who did not
report a prenatal medical problem were
considered ‘no’ or ‘missing.’

Prenatal smoking

The PMK was asked if
the mother of the study
child had smoked during
stage 1, stage 2, or stage
3 of pregnancy.

If they reported smoking during any stage, they
were considered to have smoked during
pregnancy (‘yes’), those who did not report
smoking were codes as ‘no,” and those without
a valid response were coded as ‘missing.’

Prenatal alcohol
drinking

PMKs were asked “How
frequently did [you/the
mother] consume alcohol
during your pregnancy
with [the study child]?”

Those who reported ‘never’ were considered to
have not consumed alcohol during pregnancy
(no) and all other valid responses (less than
once a month, 1-3 times a month, once a week,
2-3 times a week, 4-6 times a week, everyday)
were considered to have drank alcohol in
pregnancy and coded as ‘yes.” Those without a
valid response (including ‘don’t know’ and
‘refused’) were coded as missing.

Prenatal prescription
drug use

Mothers were asked “Did
you take any prescription
medications during your
pregnancy with [the
study child]?”

This variable was coded according to the
following three categories ‘yes,” ‘no,” and
‘missing’ (including ‘don’t know’ and
‘refused’).

Prenatal over-the-
counter drug use

Mothers were asked if
they took over-the-
counter drugs during
pregnancy.

This variable was coded according to the
following three categories ‘yes,” ‘no,” and
‘missing’ (including ‘don’t know’ and
‘refused’).

Low birth weight

Mothers were asked to
report the weight of the
study child at birth.

Low birth weight (‘yes’) included those born
weighing less than 2,500 grams. Those > 2,500
grams were not considered to have low birth
weight (‘no”).

Prematurity

Infants born with less than 259 gestational
days were considered premature (‘yes’) and
those > 259 days were not considered to be
premature (‘no’).
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Infant special
medical care after
birth

Mothers were asked if
their child received
special medical care after
birth.

This variable was coded according to three
categories ‘yes’, ‘no’, or ‘missing’ (including
‘don’t know’ and ‘refused’).

Maternal
hospitalization after
birth

Mothers were asked
“Were/was you/her/his
mother hospitalized for
special medical care for
any period immediately
following the birth of
[the study child]?”

This variable was coded according to three
categories ‘yes’, ‘no’, or ‘missing’ (including
‘don’t know’ and ‘refused’).

Post-partum
depression

PMKs were asked “After
___’sdelivery, did
you/her/his mother suffer
from postpartum
depression”

This variable was coded according to three
categories ‘yes’, ‘no’, or ‘missing’ (including
‘don’t know’ and ‘refused’).

Breastfeeding

In order to assess
breastfeeding, responses
to two questions were
combined. Mothers were
asked if they were
currently breastfeeding.
Of those not currently
breastfeeding, they were
asked “did you/her his
mother breast-feed
him/her even if only for a
short time” were also
coded as ‘yes.’

Those who reported current breast feeding or if
they indicated the child was breast-fed “even if
only for a short time” were coded as “yes’.
Those who responded no to both of these
questions were considered ‘no’ and those
without a valid response (including ‘don’t
know’ and ‘refused’) were coded as missing.

INDIVIDUAL
VARIABLE QUESTION CODING
Gender Gender of the child was Variable coded as ‘male’ or ‘female.’

asked of the PMK

Racial background/
ethnicity

Racial
background/ethnicity was
determined by a series of
questions, which asked
the PMK to “best
describe [the child’s]
race/colour.” For this
analysis, two predictors
were included in the
analysis. The first
variable approximates
visible minority status,
using the question which
asked if “White” was the
how the PMK would best
describe the child’s
race/colour. Similarly, in

Individuals who that “white” best described
the study child’s race/colour were coded as
“white” and those who responded “no” were
considered “not white.”

For Aboriginal status, those who indicated that
“Native/Aboriginal people” best described the
study child’s race/colour were coded as
“Aboriginal” and all others were coded as “not
Aboriginal.”
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order to estimate
Aboriginal status,
individuals who
responded that
“Native/Aboriginal
people (including North
American Indian, Métis,
Inuit/Eskimo)” best
described their
race/colour”

Immigration

The PMK was asked to
indicate if the child was
an immigrant.

Those who reported ‘yes’ were coded as 1 and
all others were coded as 2 and considered to be
not immigrants.

Rural or urban
residence (at age 4-
5)

The PMK was asked to
indicate if the child was
currently living in a rural
or urban area.

Those who reported living in a rural area were
coded as 1, while all others were coded as 2.

Child’s general
health (at age 4-5)

Parents/PMKs were
asked to report on the
general health of their
child at age 4-5 by the
following question: “In
general, would you
say...’s health is:
excellent, very good,
good, fair, poor, don’t
know, refusal.”

Those who responded that their child’s health
was excellent, very good, or good were coded
as ‘no’ and those with fair or poor health were
coded as ‘yes’. Those who did not know or
refused were coded as missing.

Physical activity (at
age 4-5)

PMKs were asked to
report on their child’s
physical activity
compared to other
children at age 4-5.

Those who reported their child was “much
more active,” “moderately more active,” or
“equally active” was coded as ‘2’ and children
who were said to be “moderately less active”
or much less active” were coded as ‘1°. Those
who did not know or refused were coded as
missing.

Chronic conditions

The PMK was asked a
series of questions
regarding the presence of
chronic conditions
including diabetes, heart
disease, and epilepsy.

If they responded ‘yes’ to the following
question “does child have any of the following
long-term conditions that have been diagnosed
by a health professional: - None” they were
considered to be free of chronic conditions and
coded as 2, while those who said ‘no’ to the
above question were coded a 1.

Pain and discomfort
(at age 4-5)

The PMK was asked if
the child at age 4-5 is
usually free of pain and
discomfort.

Those who reported the presence of pain and
discomfort, they were coded as “yes’ while
those who did not respond or said no were
considered to be free of significant
pain/discomfort.

Injuries (at age 4-5)

PMKs were asked if the
child had been injured in
the past 12 months.

Those who reported “yes” were considered to
have been injured and coded as ‘yes’ and all
others were coded as ‘no’.

Activity limitation
(at age 4-5)

PMKSs were asked to
indicate how many

9% ¢

Those who reported “a few”, “some”, or
“most” were considered to have activity
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activities are prevented
due to pain or discomfort.

limitations and were coded as ‘yes’. Those
who reported “none” or who did not respond
were coded as ‘no’.

Activities

PMKs were asked a
series of questions about
the child’s participation
in various activities,
including participation in
early childhood activities,
playing sports with and
without a coach,
participation in
gymnastics or dance, arts,
drama, or music, or
guides, scouts and/or
other clubs.

Participants were categorized as participating
in any of the activities at least once a week as
‘yes’ and those who did not report any of the
aforementioned activities were categorized as

3 b

no-.

Behaviour was measured using a scale that was developed from the Ontario Health Study (269)
and the Montreal Longitudinal Study (270). The behaviour scale uses the mothers’ rating of child
functioning in order to identify internalizing problems/hyperactivity, conduct
problems/externalizing behaviour, indirect aggression, anxiety/emotional disorders, and prosocial
behaviours. The scale was calibrated to screen for child psychiatric disorders according to the
diagnostic criteria in the Diagnostic and Statistical Manual of Mental Disorders (3™ ed, rev) (271).
The scales have been shown to have adequate predictive validity for diagnosis of hyperactive
disorder (69% sensitivity, 82% specificity), conduct disorder (74% sensitivity, 75% specificity),
and depression (52% sensitivity, 93% specificity) (272). For each item, the PMK indicated the
frequency of the behaviour on a three-point scale: 0 (never), 1 (sometimes), or 2 (often).

Hyperactivity/
Inattention (at age 4-
5) (Behaviour
subscale)

Symptoms of
internalizing problems,
including hyperactivity,
inattention, and impulsive
behaviours were
estimated using an 8
guestion subscale, with
possible scores ranging
form 0-16. Higher scores
indicated the presence of
more symptoms of
hyperactivity.

Based on research by Charach (2010), the
threshold cut-off for the presence of
hyperactivity was 14, where children who
scored between 14 and 16 were classified as
having internalizing problems, and children
who scored between 0-13 were classified as
not having problems (273).

Conduct problems
(at age 4-5)
(Behaviour
subscale)

Symptoms of
externalizing behaviour
were estimated using a
subscale consisting of 6
questions, with possible
score ranging from 0-12.

The threshold for the presence of conduct
problems was set as 5, which is 1.5 standard
deviations above the mean (which also
corresponded to the 90" percentile of
responses) (272). Children who scored
between 5 and 12 were considered to have
symptoms of externalizing behaviour
problems, where those scoring between 0-4
were classified as not having externalizing
problems.

Prosocial behaviours
(at age 4-5)

Presence of prosocial
behaviours was estimated

The 90" percentile (score of 17 or over) was
used to indicate those who had high levels of
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(Behaviour
subscale)

using the prosocial
behaviour subscale, with
possible scores ranging
from 0-20, where a 0
indicated the absence of
prosocial behaviour.

levels of prosocial behaviours and were coded
as ‘1’ and those who scored between 0 and 17
were coded as 2’.

Indirect aggression
(at age 4-5)
(Behaviour
subscale)

Indirect aggression was
estimated using subscale
with possible scores
ranging from 0-10.

Cut-off score was set at 2, corresponding to the
90" percentile.

Emotional disorders/
anxiety subscale (at
age 4-5) (Behaviour
subscale)

Emotional
disorders/anxiety was
assessed using an 8-
guestion subscale with
possibly scores ranging
from 0-16, where a higher
score reflected more
symptoms of anxiety
(Elgar 2003).

Children who scored between 5-16, which was
1.5 standard deviations above the mean (which
also corresponded to the 90™ percentile) were
classified as experiencing symptoms of
emotional disorders. Children who scored
between 0-4 were classified as not
experiencing symptoms of emotional
disorders.

The Peabody Picture
Vocabulary Test —
Revised (PPVT-R)
standardized score

The Peabody Picture
Vocabulary Test —
Revised (PPVT-R),
developed by Llyod and
Leota Dunn, was used to
measure school readiness
and cognitive ability for
children in the 4-5 age
group (261). The test was
administered to the child
in the home and the
interviewer read out
words and the child was
to look at pictures on an
easel and identify the
picture that matched the
word read out by the
interviewer (261). The
raw score was calculated
then standardized, taking
the child’s age into
account using 2-month
age groups. The score
was adjusted so that the
mean of standard scores
was 100 and the standard
deviation was 15 for all
age groupings (261).

For the current study, children were
dichotomized as “delayed” if their
standardized score was between 0-84 (one
standard deviation below the mean and lower)
and “not delayed” if their standardized score
was 85 or above (274).

Stressful life
experiences

PMKs were asked to
report if their child had
experienced any event
that cause a great deal of

Those who responded ‘yes’ were considered to
have experienced and stressful life event in
early childhood. Those who answered ‘no’
were considered to have not experienced a
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stress or worry between
birth and age 5.

stressful event in childhood and were not asked
the additional questions in the module (and for
all subsequent questions were considered to
have not experienced that event). Those who
indicated that their child had experienced a
stressful life event were asked to report
indicate the cause of the stressful live event
experienced, including death of a parent, death
of a family member, divorce or separation,
move, hospital stay, other separation from
parents, injury or illness of the child, injury or
illness of family member, abuse or fear of
abuse, change in household members,
alcoholism or mental health problem in the
family and/or conflict between parents.
Participants were classified as ‘yes’ to any of
these stressful life events reported and ‘no’ to
ones the PMK did not report.

Exposure to intimate
partner violence

PMKSs were asked to
report if their child saw
adults fighting or hitting.

Those who reported this occurring ‘often’,
‘sometimes’, or ‘seldom’ were coded as 1 and
all others were coded as 2.

Exposure to
violence on TV

PMKSs were asked to
report if their child saw
violenceon TV.

Those who reported this occurring ‘often’,
‘sometimes’, or ‘seldom’ were coded as 1 and
all others were coded as 2.

FAMILY

VARIABLE

QUESTION

CODING

Teenage status of
parents at birth

The NLSCY asked the
age of the biological
parents at birth.

If one or both of them was said to be under 20
years of age, the participant was categorized as
(‘1”) having a one or both teenage parent at
birth or (2’) neither biological parents were
teenagers at the child’s birth.

Age group of PMK
at birth

Two dichotomous
variables were created to
capture the age of mother
at birth.

For the young mothers variable, any mother in
the youngest age category, which included
those between 15 and 24 years of age, were
categorized as ‘1’ while all other participants
were classified as ‘2’. Similarly, for the old
mother variable, any mother in the oldest age
category (age 40 or older) was categorized as
1’ while all other participants were classified
as ‘2’.

Low income (SES)

Socioeconomic status
was measured as the ratio
of the household income
to the low income cut off
score (LICO), established
by Statistics Canada. The
LICO indicates an
income level at which a
family is likely to spend a

The income —to-LICO ratio of less than 1 is
considered to be living in low income, and for
this study, this was dichotomized as low
income (‘1”) and not low income (‘2°).
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large portion of their
income on necessities,
accounting for family
size and the community
they live in (275).

Education level of
PMK

The education level of
the PMK was considered
as a potential predictor of
suicidal ideation. On the
NLSCY, PMKs are asked
about their highest level
of education obtained,
with four possible
responses: less than
secondary, secondary
school graduation;
beyond secondary school
graduation; university or
college degree.

Two dichotomous variables were created to
capture PMK education. The first was those
with less than high school education (coded as
1) compared to those who had graduated from
secondary school (coded as 2). Similarly, a
variable was created which compared those
with less than a college or university education
(coded as 1) and those who reported
graduation from college or university (coded
as 2).

Unemployment of
PMK or spouse

The PMK and spouse
were asked about their
work status in the past
year.

If either reported that they “did not work
during the past year” at any of the time points
collected, they were considered to have
experienced a period of parental
unemployment and coded as ‘1°.

Housing tenure
(rented vs. owned)

PMKs were asked “Is this
dwelling owned by a
member of this household
(even if being paid for)”.

If they ever reported “no” during cycles 1-4,
they were considered to live in a not-owned
home and were coded as ‘1’ while those who
always reported ‘yes’ were coded as ‘2°.

Immigrant status
of PMK

In order to determine if
PMKSs were immigrants,
the response to ‘number
of years since first
moving to Canada’ was
considered.

For those who reported between 0 and 51
years, they were considered to be an immigrant
and coded as ‘1’ while those for whom the
question was ‘not applicable’ were coded as
2’ and considered to be not immigrants.

Religion

PMK’s were asked
“what, if any, is
your/...’s religion?.”

Those who reported Roman Catholic, United
Church, Anglican, Presbyterian, Lutheran,
Baptist, Eastern Orthodox, Jewish Islam
(Muslim) Buddhist, Hindu, Sikh, Jehovah’s
Witness, or other were coded as ‘yes’ to
having a religion. While those who reported
“no religion” were considered ‘no’

Participation in
religious activities

Of those who reported a
religion, PMK’s were
asked the following
question: “Other than on
special occasions (such as
weddings, funerals or
baptisms), how often did
... attend religious
services or meetings in
the past 12 months?”

All participants who reported attending
religious activities at least once in the past year
were coded as “yes” and those who indicated
“not at all” were considered ‘no’, as were all
participants who had indicated that they do not
have a religion in the previous question. Those
who didn’t know or refused were coded as

3 2

no-.
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Single parent
status

Child’s single parent
status was assessed
during cycles 1-3.

If the PMK reported that the child lives with
‘one parent only’ or ‘does not live with a
parent’, they were coded as having
experienced a period of single parent status
and coded as ‘1°. Those who reported ‘two
parents’ were coded as ‘2’.

Intact vs. blended
family

Family composition was
assessed using the
blended family variable.

If the PMK indicated the ‘child is a member of
a blended family’ or ‘other — child is a member
of a single parent family, is a foster child or
does not live with parent’ they were coded as
‘1” while all those for whom it was reported
that they were not a member of a blended
family were considered to be an intact family
and coded as 2’.

Poor parental
general health

PMKs were asked to
report on their general
health when their child
was ages 4-5 by the
following question: “In
general, would you
say...’s health is:
excellent, very good,
good, fair, poor, don’t
know, refusal.”

Those who responded that their health was fair
or poor health were coded as ‘1’ where those
who reported excellent, very good, or good
health were coded as ‘2°. Those who did not
know or refused (n=154) were included in
category ‘2’ with those who did not report
poor health.

Presence of chronic
conditions (PMK
or spouse)

PMKs and their
spouses/partners were
asked if they had chronic
conditions.

If the PMK or spouse/partner reported a
chronic condition, they were classified as ‘1’
for having a chronic condition, and all others
were classified as ‘2’, indicating the absence of
a chronic condition.

Parental activity
limitation (PMK or
spouse)

PMKs and their
spouses/partners were
also asked if they had a
condition that limited
their activity.

If the PMK or spouse/partner reported activity
limitation, they were classified as ‘1’ and all
others were classified as ‘2°, indicating the
absence of activity limitation.

Parental smoking

PMKS were asked about
their smoking habits.

PMKs who reported smoking “daily” or
“occasionally” were classified as current
smokers (‘1”) and all others were classified as
current non-smokers (‘2”). Those who refused
or did not provide a valid response (n=154)
were included with the ‘non-smoking’
category.

Parental binge
drinking

PMKSs were asked about
their current alcohol
consumption, including
the frequency of binge
drinking (i.e., 5 or more
drinks on one occasion).

Those who reported at least one binge in the
past 12 months were classified as current binge
drinkers and coded as ‘1’. Those who did not
report a binge drinking episode in the past year
(‘no’ or missing — n=172) were coded as ‘2°.

Maternal
depression score

Maternal depression was
measured using the 12-
item version of the

Depression score between 0 and 36, high score
indicating the presence of depression
symptoms, and the dichotomous cut-off for
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National Institute of
Mental Health’s Centre
for Epidemiological
Studies Depression scale
(CES-D) developed by
L.S. Radloff in 1977. The
12-item version of the
scale was developed by
Dr. M. Boyle of the
Chedoke-McMaster
Hospital of McMaster
University and was
rescaled to produce a cut-
off proportionate to the
full, 20-item CES-D
(261,276). The modified
CES-D showed good
internal consistency and
had a Cronbach’s alpha
of the scale was 0.82
(272,276).

depression was set at 9, where mothers who
scored 9 or above were coded as ‘1’
(depressed) and mothers who scored 8 or less
were coded as 2’ (not depressed) (226,277).

Parenting: The Parenting Scale used was an adaptation of the Strayhorn and Weidman’s Parent
Practices scale, adapted by Dr. Boyle at Chedoke-McMaster Hospital, based on previous work
from Dr. Dodge at VVanderbuilt University. This scale measured positive interactions,
hostile/ineffective parenting, and consistent parenting.

Positive
interactions
parenting style

Parenting characterized
by positive interactions
were assessed in the
NLSCY by a5 item scale
with a possible scores
ranging from 0-20, where
a high score indicated a
high number of positive
interactions with the
child. Questions included
“How often do you and
[study child] laugh
together?”. This scale has
been shown to have good
concurrent validity
(Boyle & Willms 2002;
Jenkins et al 2003) ,and
an internal-consistency
reliability of 0.81 (278).

The 10" percentile, which corresponded to a
score of 10 or less, was used as a cutoff
indicating a low number of positive
interactions. Parents reporting low numbers of
positive interactions were classified as “low
positive interactions” (‘1) and those which a
score of 11 or more were coded as not having a
low number of positive interactions (‘2)

Hostile or
ineffective
parenting style

Hostile or ineffective
parenting style was
assessed using a 7
question scale which
included questions such
as “How often do you get
annoyed with [study

The 90" percentile (which corresponded to 1.5
standard deviations above the mean) was used
as the cutoff, and those scoring between 14 and
28 were considered as having problematically
high hostile/ineffective parenting and were
coded as ‘1°. Those scoring between 0-13 were
coded as ‘2°. (278)
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child] for saying or doing
something s/he is not
supposed to?”, “How
often do you get angry
when you punish [study
child]?”, “How often do
you think that the kind of
punishment you give
him/her depends on your
mood?”, and “How often
do you feel you are
having problems
managing him/her in
general?”. Each question
had 5 response options
ranging from ‘never’ to
‘all the time’, with a total
score ranging between 0
and 28, with a high score
indicating a high degree
of hostile/ineffective
parenting.

Inconsistent
parenting style

There were five items
that comprise the
measurement of parental
consistency including
“When you give your
child a command, what
proportion of the time so
you make sure that he/she
does it?” and “When your
child breaks the rules or
does things that he/she is
not supposed to, how
often do you ignore it, do
nothing?” (226). The
total score ranged
between 0-20, and those
with a low score were
considered to have an
inconsistent parenting
style.

The 10" percentile was used as the cut off and
those scoring between 0-11 were considered to
have a highly inconsistent parenting style and
coded as ‘1°. All other responded were coded
as ‘2’

Punitive or
aversive parenting
style

There were four items
that comprise the
measurement of punitive
or aversive parenting
style. The total score
ranged between 0-19, and
those with a high score
were considered to have a

The 90" percentile was used as the cut off and
those scoring between 11 and 19 were
considered to have a highly punitive or
aversive parenting style and coded as ‘1°. All
other responded were coded as ‘2’
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punitive or aversive
parenting style.

Family functioning
score

Family functioning was
measured using a 12-item
scale that provides a
global assessment of
family functioning and a
measure of the quality of
relationships between
family measures,
including problem
solving, communication,
roles, affective
involvement and
responsiveness, and
behaviour control. The
PMK or the spouse of the
PMK answered the
family functioning
questions as part of the
Parent Questionnaire.
Family functioning
scores ranged from 0-36,
where higher scores
indicated higher levels of
family dysfunction (261).

For the purposes of this study, thresholds were
established at the scale point closest to the 90"
percentile of scores, where families with scores
above threshold score (between 13 and 36)
were said to exhibit high levels of family
dysfunction (‘1”) and those with scores below
13 did not exhibit high levels of dysfunction
(°2°) (274).

INTERPERSONAL

VARIABLE

QUESTION

CODING

Social support
score

Perceived social support
was measured by a
shortened version of the
Social Provisions Scale,
originally developed by
Dr. Carolyn Cutrona and
Dr. Daniel Russell of
lowa State University
(NLSCY user guide — c1.
The shortened version
was developed to
measure guidance,
reliable alliances, and
attachments in the
context of social
relationships in order to
determine the level of
support received from
family, friends, and
others. Parents (either the
PMK or the
spouse/partner) answered

For this study, the threshold for low social
support was set at the 10" percentile, where
people scoring in the lowest 10" percentile
were classified as low social support (‘1) and
those who scored above this cutoff were said to
have normal/high social support (2”).
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social support questions
as part of the Parent
Questionnaire, with a
total score ranging
between 0-18, where a
high score indicated high
levels of social support.

Changes in
childcare
arrangements

PMKs were asked to
“Overall, how many
changes in child care
arrangements has your
child experienced since
you began using child
care, excluding periods
of care by yourself (or
spouse/partner)?”.

Those who reported at least one change were
coded as ‘1’ while those who reported no
changes were coded as ‘2’.

Social support
score

The social support score
is derived using 8 items
to get a total score
between 0 and 24, where
a high score indicates a
high level of social
support.

Using the 10" percentile as a cut off, those who
scored between 0 and 12 were said to have low
levels of social support and were coded as ‘1°.
All others were coded as ‘1’ and considered to
have moderate or high levels of social support.

Parental
participation in
volunteering

PMKSs were asked if they
participated in a
volunteer activity in the
past 12 months.

Those who reported volunteer activities were
coded as ‘yes’ and those who did not report
volunteer activities were coded as ‘no’.

Social skills index
(teacher rated)

Teachers of study
children were
administered a
guestionnaire and were
asked to gate the level of
social skills the children
had. The social skills
score ranged between 0
and 40, with a low score
indicating poor social
skills.

The literature does not reflect a clear cut-point
for this scale, so the 10" percentile was used as
the cut-off for poor social skills. Those scoring
between 0 and 22 were said to have poor social
skills and coded as ‘1’ while those who score
between 23 and 40 were said to have moderate
or high social skills.

ENVIRONMENT

VARIABLE

QUESTION

CODING

Neighbourhood
cohesion scale
(Neighbours score)

The neighbourhood
cohesion scale was
developed to measure the
social utility of a
neighbourhood. The
PMK or their
spouse/partner was asked
to report on the level of
cohesion in the
neighbourhood,

A threshold number of the 10" percentile was
used to identify those with lower levels of
neighbourhood cohesion compared to other
neighbourhoods (274). Those with a score
between 0-8 were said to have low
neighbourhood cohesion and were coded as “1°.
Those who scored between 9 and 15 were said
to have moderate/high neighbourhood cohesion
and were coded as 2’.

150



including how willing
neighbours are to help
each other, deal with
local problems, keep an
eye out for trouble,
watch out for the safety
of neighbourhood
children, and be a role
model for children. 0-15,
high score indicating a
high degree of neighbor
cohesiveness.
Neighbourhood In the NLSCY, perceived | A threshold of 10 was used as the cut-off, and
safety scale neighbourhood safety those scoring 10" percentile or below were
was measured in cycle 1 | considered to have low perceived

using the Neighbourhood | neighbourhood safety (‘1”) and those scoring
Safety Scale, which above the 10" percentile to have a normal or
measured the extent to high sense of safety (‘2°) (274).

which the PMK or their
spouse/partner felt that
there was a sense of
safety in the
neighbourhood (261).
Appendix5 NLSCY technical coding details for secondary outcomes

In line with the severity of suicidality, the categorization for secondary outcomes used severe cut-offs

to represent a high-risk group of adolescents.

Secondary outcome 1: Antisocial, externalizing behaviours
To measure antisocial, risky, or antisocial behaviour, youth self-report measures were

considered. Once the study child is 10 years old, they begin to complete the self-complete survey,
which asks about participation in risky behaviours. As the child ages, the questions change to reflect
the common risk behaviours for the aging adolescents. Reporting of risky behaviours begins in cycle
5 (2002/2003) and continues through cycle 8 (200), using the “Risky behaviour” questionnaire
developed by the NLSCY team based on questions developed by Dr. R. Tremblay at the University
of Montreal (222).

Additionally, youth also were asked questions about substance use. The module included
guestions from the Youth Smoking Survey, the WHO survey on Health Behaviours in School
Children, and the Western Australia Child Health Survey, the Northwest Territories Health Attitudes,
Knowledge and Behaviours Survey, the North Carolina Evaluation of School-Based Health Centres,

and questions provided by Dr. Tremblay of University of Montreal (222).
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Beginning at age 12, participants were asked questions regarding their sexual activities.
These questions were adapted from the Youth and AIDS survey, the British Columbia Adolescent
Health Survey and the Minnesota Adolescent Health Survey (223)

The youth was said to exhibit antisocial or externalizing behaviours if one or more of the

following responses were endorsed:
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Table A.2

Antisocial, externalizing behaviours questionnaire and coding

Question: “In the past 12 months, about how many
times...”

Possible responses:

Coding

Were you questioned by the police about anything they
thought you did?

1=never

2=once or twice
3=three — four times
4=five times or more

Yes (1) = three
or four times;
five times or
more

Have you run away from home?

1=never

2=once or twice
3=three — four times
4=five times or more

Yes (1) = three
or four times;
five times or
more

Have you stayed out all night without permission?

1=never

2=once or twice
3=three — four times
4=five times or more

Yes (1) = three
or four times;
five times or
more

Have you intentionally damaged or destroyed anything
that didn’t belong to you?

1=never

2=once or twice
3=three — four times
4=five times or more

Yes (1) =three
or four times;
five times or
more

Have you fought with someone to the point where they
needed to care for their injuries?

1=never

2=once or twice
3=three — four times
4=five times or more

Yes (1) = once
or twice; three
or four times;
five times or
more

Have you carried a weapon for the purpose of defending
yourself or using it in a fight?

1=never

2=once or twice
3=three — four times
4=five times or more

Yes (1) = once
or twice; three
or four times;
five times or
more

Have you sold any drugs?

1=never

2=once or twice
3=three — four times
4=five times or more

Yes (1) = once
or twice; three
or four times;
five times or
more

Have you attempted to touch anyone in a sexual way
while knowing that they would probably object to this?

1=never
2=once or twice
3=three — four times

Yes (1) = once
or twice; three
or four times;

property, etc.?

4=five times or more | five times or
more
In the past 12 months, were you part of a gang that 1=yes Yes (1) = yes
broke the law by stealing, hurting someone, damaging 2=no

If an individual endorsed one or more of the above questions in one of the cycles where they

completed the self-report questionnaire, they were considered to show antisocial or externalizing

behaviour. In the NLSCY, 23.7% of respondents were considered to have this outcome.
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Secondary outcome 2: Substance misuse

Table A.3 Substance misuse questionnaire and coding
Question: Possible responses: Coding
Cigarettes 1=I have never smoked Yes (1)=About 1-2

2=0nly a few puffs

3=I do not smoke anymore
4=A few times a year

5=About once or twice a month
6=About 1-2 days a week
7=About 3-4 days a week
8=About 6-7 days a week

days a week; about
3-5 days a week;
about 6-7 days a
week

Alcohol 1=I have never drank

2=0nly a few sips

3=I have only tried 1 or 2 (at least 1 drink)
4=I don’t drink anymore

5=A few times a year

6=About once or twice a month

7=About 1-2 days a week

8=About 3-4 days a week

9=About 6-7 days a week

Yes (1)=About 1-2
days a week; about
3-5 days a week;
about 6-7 days a
week

Marijuana 1=I have never smoked
2=Not in the past 12 months
3=A few times

4=0nce or twice a month
5=About 1-2 days a week
6=About 3-4 days a week
7=About 6-7 days a week

Yes (1)=Once or
twice a month; 1-2
days a week; 3-5
days a week; 6-7
days a week

Hallucinogens 1=Never

2= have done it, but not in the past 12
months

3=In the past 12 months, | have used it 1-2
times

4=In the past 12 months, | have used it 3-5
times

5=In the past 12 months, | have used it 6-9
times

6=In the past 12 months, | have used it 10
times or more

Yes (1)= | have
done it, but not in
the past 12 months;
In the past 12
months, | have used
it 1-2 times; 3-5
times; 6-9 times; 10
times or more

Glue 1=Never

2=I have done it, but not in the past 12
months

3=In the past 12 months, | have used it 1-2
times

4=In the past 12 months, | have used it 3-5
times

5=In the past 12 months, | have used it 6-9
times

6=In the past 12 months, | have used it 10
times or more

Yes (1)= I have
done it, but not in
the past 12 months;
In the past 12
months, | have used
it 1-2 times; 3-5
times; 6-9 times; 10
times or more
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a prescription)

Prescription drugs (without

1=Never

2=I have done it, but not in the past 12
months

3=In the past 12 months, | have used it 1-2
times

4=In the past 12 months, | have used it 3-5
times

5=In the past 12 months, | have used it 6-9
times

6=In the past 12 months, | have used it 10
times or more

Yes (1)= | have
done it, but not in
the past 12 months;
In the past 12
months, | have used
it 1-2 times; 3-5
times; 6-9 times; 10
times or more

Other drugs like ecstasy,
crack, cocaine, heroin,
speed, etc.

1=Never

2= have done it, but not in the past 12
months

3=In the past 12 months, | have used it 1-2
times

4=In the past 12 months, | have used it 3-5
times

5=In the past 12 months, | have used it 6-9
times

6=In the past 12 months, | have used it 10
times or more

Yes (1)= | have
done it, but not in
the past 12 months;
In the past 12
months, | have used
it 1-2 times; 3-5
times; 6-9 times; 10
times or more

Used severe cut-offs to indicate regular or heavy usage of the more common substances (tobacco,
alcohol, marijuana) and any report of other substances (hallucinogens, glue, prescription drugs, or
other drugs like ecstasy, crack, cocaine, heroin, or speed). 24.8% of respondents were considered to

have substance misuse.

Secondary outcome 3: Poor physical health

Table A.4

Poor physical health questionnaire and coding

Question:

Possible responses:

Coding

Poor general health

1=Excellent
2=Very good
3=Good
4=Fair
5=Poor

Yes (1)=Fair; Poor

In the past 6 months, how
often have you had the
following: Headache

1=Seldom/never
2=About once a month
3=About once a week
4=More than once a week
5=Most days

Yes (1)=Most days

In the past 6 months, how
often have you had the
following: Stomachache

1=Seldom/never
2=About once a month
3=About once a week
4=More than once a week
5=Most days

Yes (1)=Most days
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In the past 6 months, how | 1=Seldom/never Yes (1)=Most days
often have you had the 2=About once a month
following: Backache 3=About once a week

4=More than once a week

5=Most days

16.69% of respondents met the criteria to be classified as experiencing poor physical health.

Secondary outcome 4: Poor mental health
Poor mental health was determined based on responses to two scales that measured symptoms of

depression and anxiety/emotional disorders. In the NLSCY, depressive symptomology was measured
using the shortened Centre for Epidemiologic Studies Depression Scale (CES-D), a 12-question
version of the scale, developed by Dr. Boyle at Chedoke-Mcaster Hospital (221). Based on
responses, the participants scored between 0 and 36. Those with a score of 9 or above were said to
have symptoms consistent with a clinical diagnosis of depression (226).

Table A5 Depression scale (CES-D) questionnaire and coding

Question: Possible responses: Coding

| felt that I could not shake | 1=Rarely/ none of the time (less than one day) | Continuous scores

off the blues even with 2= range from 0 to 36.
help from my family or 3= 1= depressed (9-36
friends 4=most or all of the time (5-7 days) score)

| had trouble keeping my 2= not depressed
mind on what | was doing (0-8 score)

| felt depressed

| felt that everything | did
was an effort

| felt hopeful about the
future

My sleep was restless

| was happy

| felt lonely

| enjoyed life

| had crying spells

| felt that people disliked
me

Similarly, anxiety was assessed using the Anxiety and Emotional Disorders Scale (AED), a 7
item scale which was developed to measure the emotional well-being of children/adolescents and is
said to be able to measure the respondent’s propensity to develop an anxiety disorder (279). For each
item, the participant could select 1 (Never true/not true), 2 (sometimes/somewhat true), or 3
(Often/very true), which were combined to create a score between 0 and 14, where a score of 8 or

more was considered to indicate moderate or high level of anxiety (280).
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Table A.6

Anxiety and Emotional Disorders (AED) questionnaire and coding

Question:

Possible responses:

Coding

I am unhappy or sad

I am not as happy as other
people my age

I am too fearful or nervous

| worry a lot

I am nervous, high strung,
or tense

| have trouble enjoying
myself

1=Never true/ not true
2=Sometimes/ somewhat true
3=0Often/very true

Continuous scores
range from 0
(never/rarely true)
on all symptoms to
14 (often/very true)
on all symptoms.
1= medium/high
anxiety (8-14 score)
2= low anxiety (0-

| cry alot 14 score)
Secondary outcome 5: Risky health behaviours
Table A.7 Risky health behaviours guestionnaire and coding

Question: Possible responses: Coding

Operated a motor vehicle
(car, motorcycle, boat)
after drinking or doing
drugs (asked of 16-17 year
olds)

1=Never

2=0nce or twice
3=3-4 times

4=5 times or more

Yes (1)=3-4 times;
5 times or more

4=Seldom or never
5=Usually there is not seatbelt where I sit

Been a passenger in a 1=Never Yes (1)=3-4 times;

vehicle after the driver 2=0nce or twice 5 times or more

drank or used drugs (asked | 3=3-4 times

of 16-17 year olds) 4=5 times or more

Use a seat belt when riding | 1=Always Yes (1)=Seldom or

inacar 2=0ften never
3=Sometimes

Sex — no protection (16-19

1=Yes

Yes (1)=Yes

control (birth control pills,
diaphragm, etc.) the last
time you had consensual
sexual intercourse (Asked
of 14-15 year olds)

year olds) (look at 2=No

wording)

Sex —no condom (14-15 1=Yes Yes (1)=If NO (2)
year olds) 2=No to condom AND
Did you or your partner 1=Yes NO (2) to other
use other methods of birth | 2=No forms of birth

control

11.04% of respondents met the criteria to be classified as engaging in risky health behaviours.
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Secondary outcome 6: Poor academic outcomes

Table A.8 Poor academic outcomes questionnaire and coding
Question: Possible responses: Coding
How well do you think you | 1=Very well Yes (1)=Poorly;
are doing in your school 2=Well Very poorly
work? 3=Average
4=Poorly
5=Very poorly
Skipped a day of school 1=Never Yes (1)=3-4 times;
without permission 2=0nce or twice 5 times or more
3=3-4 times
4=5 times or more
Been suspended from 1=Never Yes (1)=0Once or
school 2=0nce or twice twice; 3-4 times; 5
3=3-4 times times or more
4=5 times or more
Dropped out of school 1=Never Yes (1)=0Once or
(asked of 14-15 year olds) | 2=Once or twice twice; 3-4 times; 5
3=3-4 times times or more

4=5 times or more

19.13% of respondents met the criteria to be classified as having poor academic outcomes.
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Appendix 6 Calculation of PPV & NPV in stepwise selection logistic regression

Table A.9 Logistic regression SAS Output - At the 0.24 (24% cutoff) for high risk:
Probabilit | Correct Not correct | Correc | Sensitivit | Specificit | False False
y level t% y y Positive | negative
Even | Non- | Even | Non- S S
t even |t even
t t
0.24 69 5438 | 190 | 691 | 86.2 9.1 96.6 734 11.3

Using the SAS output, positive predictive value and negative predictive value needed to be calculated
for the logistic regression. The Diagnostic test evaluation from MedCalc was used to calculate PPV
and NPV (281).

Disease
Test Present n Absent n Total
Positive True Positive a=69 False Positive b=|190 a+b=259
Negative  False Negative c=|691 True Negative d= 5438 c+d=6129
Total a+c=T760 b+d=5628
Test
Results

Sensitivity aj o =908 % 95% Cl: 7.13 % to 11.35 %

d
Specificity b d =96.62 % 95% Cl: 96.12 % to 97.08 %
Positive e
Likelihood ~——onsitvity =269 95% Cl: 2.06 to 3.50
Ratio 100 - Specificity
Negative 100 - Sensitivit
Likelihood —— 0 = 0.94 95% Cl: 0.92 to 0.96
Ratio Specificity
Disease atc _ .
prevalence 3+ b+ crd =11.90 % (*) 095% Cl: 11.11 % to 12.72 %
Positive -
Predictive =26.64 % (*) 95% Cl: 21.36 % to 32.47 %
Value a+b
Negative d
Predictive =88.73 % (") 95% Cl: 87.91 % to 89.51 %
Value c+d
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o Sensitivity: probability that a test result will be positive when the disease is present (true
positive rate).
=a/ (at+c)

o Specificity: probability that a test result will be negative when the disease is not present (true
negative rate).
=d/ (b+d)

o Positive likelihood ratio: ratio between the probability of a positive test result given the
presence of the disease and the probability of a positive test result given the absence of the
disease, i.e.
= True positive rate / False positive rate = Sensitivity / (1-Specificity)

e Negative likelihood ratio: ratio between the probability of a negative test result given the
presence of the disease and the probability of a negative test result given the absence of the
disease, i.e.
= False negative rate / True negative rate = (1-Sensitivity) / Specificity

e Positive predictive value: probability that the disease is present when the test is positive.
=a/ (at+b)

o Negative predictive value: probability that the disease is not present when the test is negative.
=d /(c+d)

Sensitivity, specificity, positive and negative predictive value as well as disease prevalence are expressed as
percentages for ease of interpretation.
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Appendix 7 ALSPAC technical coding details for predictor variables

35 variables that determined the splits in the CHID model, CART model, or the stepwise-selection
regression model from the NLSCY dataset. In order to validate the model, variables in ALSPAC
were selected and coded to be as comparable to the NLSCY variables as possible. In a few cases, no
comparable variable was available. Details for the coding of all the predictors for ALSPAC are as

follows.

PRE- AND POST-NATAL

VARIABLE

QUESTION

CODING

Prenatal over-the-
counter medication
use

Mothers were asked at 18
weeks gestation about a
list of pills, ointments,
and medications.
Mothers were asked
about a variety of
conditions, several of
which are likely to be
treated using over-the-
counter medications,
including nausea,
heartburn, vomiting, and
migraines. A derived
variable was generated
combining the responses
to use of a medication for
nausea, heartburn,
vomiting, and migraines.

If the mother answered ‘yes’ to use of
medications for any of those conditions, they
were coded as ‘yes’ to use of prenatal over-the-
counter medications. Those who did not report
taking medication for those conditions were
coded as ‘no’ and those without a valid
response were coded as missing.

Prenatal smoking

Mothers were asked
about “how many
cigarettes per day are you
yourself smoking at the
moment” at 32 weeks
gestation.

Using the derived variable (c483) which
grouped cigarette use, those who reported no
cigarette use were coded as ‘no’ while those
who reported at least 1 cigarette per day were
coded as ‘yes.” Those who reported occasional
smoking and those without a response were
coded as missing.

Prenatal problems

Mothers were asked
about health during
gestation at multiple time
points, but were
specifically asked about
gestational diabetes and
hypertension in
pregnancy at 12 weeks.
Mothers were asked at 12
weeks if they have a
history of diabetes. Of
those with a history, they
were asked if they had
diabetes in pregnancy
only. Similarly, all

Those who said ‘yes’ were considered to have
gestational diabetes. Those who said they had
no history of diabetes, or who said the diabetes
was not only during pregnancy were coded as
‘no’. Those who said ‘yes’ to both questions
were coded as ‘yes’ while those who did not
have a history of hypertension, or if it was not
in pregnancy only were coded as ‘no’.
Responses to these were combined to create a
derived variable for presence of prenatal health
problems. If coded as ‘yes’ to either or both
conditions, the mothers were said to have
experienced prenatal problems. If no to both,
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mothers were asked if
they had a history of
hypertension. Of those
that said yes, they were
asked a follow-up
question if the
hypertension was only
during pregnancy.

they were coded as ‘no’. Anyone missing
responses to both questions was coded as
‘missing’.

Breastfeeding

Mothers were asked at 4
weeks and 6 months
about breastfeeding.

Any report of breastfeeding in either cycle was
coded as ‘yes’, those who said ‘no’ in both
cycle were coded as ‘no’ and those without a
valid response to both questions were coded as
‘missing’.

INDIVIDUAL
VARIABLE QUESTION CODING
Gender Gender of the child was

recorded at birth
(variable kz021)

Rural/urban

Rural or urban residence was a significant
predictor in the NLSCY models, but no
comparable question was asked in ALSPAC
and therefore it was excluded from analysis.

Child injury

A series of questions
about the study child
injuries in the past 12
months was asked at 3
years, 2 months.

Mothers who indicated the child had
experienced a burn, bad fall, swallowed
anything/she shouldn’t have such as pills,
buttons, disinfectant, or other accident was
coded as ‘yes’ while those who did not report
any injury in the past 12 months was coded as

B

no-.

Child activity
limitation

ALSPAC does not ask specifically about activity limitations of children.
The closest approximation is text which details chronic conditions
experienced by members of the family. As a close proxy for the NLSCY
variable does not exist in the dataset, this was excluded from analysis.

PPVT

The WASI module was asked in ALSPAC, which measures 1Q and
developmental progress, however, an issue was discovered with the scoring
of the measure so the data has not yet been released until the issues can be

resolved.

Conduct disorder

Conduct disorder was
one of the disorders
measured in the
ALSPAC at 3 years, 6
months. Each participant
was given a score,
ranging from O to 16. As
per Goodman (2001;
1997), those who score at
the 90" percentile or
above, corresponding to

Thus, those who had a score of 7-16 were
coded as ‘yes’ for a conduct disorder, where
those with a score of 0-6 were coded as ‘no’.
Those without valid scores were coded as
‘missing’.
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a score of 7 or above can
be said to have a conduct
disorder

Experience of any
stressful life
experience between
birth and 5 years

The mother was asked at
several time points about
various stressful
experiences (at 8 weeks;
2 years, 9 months; 3
years, 11 months; and 5
years, 1 month). All
participants were asked
about a particular
stressful experience with
the following response
options: “yes, and it
affected me a lot”, “yes,
moderately affected”,
“yes, mildly affected”,
and “yes, but did not
affect me at all” and “no,
did not happen”. As a
more comprehensive list
of events was included in
the ALSPAC module
than were on the NLSCY
module, only events that
replicate those included
in the NLSCY module
were included in the
summary variable.
Further, as the NLSCY
asks about events that
caused a great deal of
stress or worry for the
child, only events to
which the mother
reported being greatly or
moderately affected were
included in the derived
variable. The variables
from the stressful
included for this
summary variable are as
follows: your partner
died, one of your
children died, a friend or
relative died, one of your
children was ill, your
partner was ill, a friend
or relative was ill, you
were admitted to

A report of “yes, and affected me a lot’ or
“yes, moderately affected” to any one of these
variables in any of the cycles was coded as
‘yes’ to the experience of a stressful life
experience. Additionally, variables about
maternal/partner’s drug addition, alcoholism,
or mental illnesses, which were asked at (D),
were also included. Answer of ‘yes’ to any of
these questions was also coded as ‘yes’ to
having experienced a stressful life experience,
and ‘no’ to these and not strongly affected by
the aforementioned items was considered no.
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hospital, you were
divorced, you were very
ill, your partner went
away, you and your
partner were separated,
you moved house, your
partner was physically
cruel to you, you got
married, your partner
was physically cruel to
your children, your
partner was emotionally
cruel to you, your partner
was emotionally cruel to
your children, you were
emotionally cruel to your
children.

Death in the family
between (birth and
5 years)

Mothers were asked at 8
weeks; 2 years, 9
months; 3 years, 11
months; and 5 years, 1
month if “a friend or
relative died”.

Those who responded “yes, and affected me a
lot”, “yes, and moderately affected” at any of
the time points were coded as ‘yes’ while those
who said they were “mildly affected” or “not
affected at all” were included with ‘no’.

FAMILY

VARIABLE

QUESTION

CODING

Young maternal
age at birth (under
25 years)

In ALSPAC, maternal
age (in years) was
provided at 8 weeks
gestation, so this time
point was used to create a
“young maternal age”
predictor.

Those aged 24 or under were coded as ‘yes’
and all others were coded as ‘no’. Those who
did not provide a valid response were coded as
‘missing’.

Old maternal age
at birth (40 or
older)

Maternal age (in years)
was provided at 8 weeks
gestation.

Similarly, old maternal age was determined at
8 weeks gestation and all those ages 40 or
older were coded as ‘yes’ while all other
participants were coded as ‘no’. Those who
did not provide a valid response were coded as
‘missing’.

Immigrant status
of parents

Immigrant status of the
mother/partner is not
specifically asked in
ALSPAC, but both the
mother and partner were
asked to provide
information about their
birth, including to
indicate “where parents
lived at time of birth”.

Those who indicated that their parents were
living outside of the UK at the time of their
birth were considered to be immigrants.
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No maternal basic
education level

No maternal
college/university
degree

Educational attainment
of the mother was
ascertained in pregnancy.
There are important
differences between UK
and Canadian education
systems, which made it
challenging to find the
equivalent educational
cut-off that is similar to
achieving a high school
diploma in Canada, and
previous authors use
various cut-off points for
educational
qualifications.

For this analysis, anyone with CSE/no
qualifications was considered to have less than
basic education and was coded as ‘yes’, while
those with O level, A level, or a degree were
coded as ‘no’. Those without a valid response
were coded as ‘missing’.

Those who reported having a degree were
coded as ‘no’ and anyone who reported a lower
level of educational qualifications (CSE/no
qualifications, vocational, O level, A level)
were coded as “yes’. Those without a valid
responses were coded as ‘missing’.

Unemployment of
mum or spouse

Job situation of mother
and partner were asked at
8 weeks.

Those who responded that either they or their
spouse was unemployed were coded as 'yes'
while any other response was coded as 'no'.
Those without a valid response were coded as
missing.

Financial
difficulties

Similar to the Low
Income Cut-off measure
used in the NLSCY, the
financial difficulties
score uses 5 questions to
assess how difficult it is
for the mother to afford
food, clothing, heat,
rent/mortgage, and things
needed for the baby with
a final score ranging
between 0 and 15.

Using the cutoffs proposed by Chittleborogh
(2012), those who scored between 9 and 15
were said to be experiencing financial
difficulties and were coded as 'yes' while those
who scored =>8 were said to not have financial
difficulties and coded as 'no' (282). Those
without a response to this module were coded
as 'missing’.

Housing tenure

Housing tenure was
asked at 8 weeks
gestation.

Those who owned their home or had a
mortgage were coded as 'yes' to home
ownership, while those who rented from a
council, private landlord, or housing
association or other were coded as 'no' to home
ownership. Those without a valid response
were coded as 'missing'.

No participation in
religious activities

At 5 years, 1 month,
mothers were asked
about the frequency at
which she goes to a place
of worship.

Those who reported ‘not at all” were coded as
not participating in religious activities, while
those who reported ‘yes, at least once a week’,
‘yes, at least once a month’, or ‘yes, at least
once a year’ were coded as participating in
religious activities. All those without a valid
response were coded as ‘missing’.
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Parental activity
limitation

ALSPAC does not ask
specifically of activity
limitation resulting from
chronic conditions, so the
closest proxy available
was a single item
guestion that asked about
present health as “fit and
well”.

Those who responded that they were “often
unwell” or “never well” were coded as having
an activity limitation due to poor health, while
all others were coded as not having a limitation
from a health condition

Maternal current
smoking

Mothers were asked
about the number of
cigarettes she currently
smokes per day.

Those who responded with =>1 were coded as
'yes' while those who reported 0 cigarettes per
day were coded as 'no'. Those who did not
provide a valid response were coded as
'missing'.

Maternal binge
drinking

Mothers were asked to
report on their current
alcohol use each day of
the week by type of
alcohol consumed (beer,
wine, cider, etc) at 3
years, 11 months.

The definition of binge drinking used for the
NLSCY was 5 or more drinks on an occasion,
S0 in order to estimate binge drinking,
participants who reported 5 or more alcoholic
drinks of any kind on at least one day of the
week were said to currently binge drink and
were coded as ‘yes’. Those who never
exceeded 4 drinks on any day of the week,
once all types of alcohol were combined were
coded as ‘no’. Those without a valid response
were coded as 'missing'.

Single parent status

Single parent status was
assessed at multiple
times throughout early
childhood, including: 8
weeks; 8 months; 1 year,
9 months; 2 years, 9
months; and 3 years, 11
months

Those who indicated “no partner in the
household” during at least one of the time
points were coded as ‘yes’ to experiencing a
period of single parenthood, while all others
were coded as ‘no’, as they did not report a
period where there was no partner in the
household.

Intact vs. blended
family

Family composition at 3
years, 11 months was
assessed based on
responses to several
guestions.

Families were said to be intact unless one of
the following was reported: ‘present marital
status divorced/separated’, ‘biological father
does not live with child’, ‘biological mother
does not live with child’, ‘0 children living in
the family that have you or your partner as
natural parents’, ‘1 or more children partner is
natural parent but you are not mum’, ‘one or
more children to which neither you nor your
partner are natural parents — adopted, fostered,
etc.” If any of the above was reported, the
family was coded as blended, non-intact
family.
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Inconsistent
parenting

Parenting styles were
measured quite
differently on the
NLSCY and ALSPAC.
On the NLSCY, there is
a parenting subscale that
measures the level of
consistency in parenting.
The closest proxy
included on ALSPAC is
a single item question
asked at 3 year, 6
months: "do you start by
being firm then usually
give way."

Those who answered 'yes, usually' and 'yes,
sometimes' were said to have inconsistent
parenting style and were coded as 'yes' while
those who responded 'no’ were coded as 'no'.
Those without responses were coded as
missing.

Hostile/ineffective
parenting

Similarly,
hostile/ineffective
parenting was measured
using a multi-item scale
in the NLSCY, which
asks questions about how
the parent feels managing
and disciplining their
child. The closest
approximation of this is a
single item asked at 4
years, 9 months: "Who is
the most frequent winner
of battle of wills?"

Those who responded that the winner is
usually the child or "about even" were coded
as 'yes' while those who said the parent usually
won battle of wills or ‘neither' were coded as
'no’.

Punitive/aversive
parenting

Three questions asked at
4 years, 9 months were
similar to questions
asked on the NLSCY's
punitive/aversive
parenting style scale.
These items included
‘parent tries to reason
with child when child has
tantrum’, ‘parent slaps or
hits child when child has
tantrum’, and ‘parent
shouts at child when
child has tantrum’.

For these three items, there were 5 possible
responses: 1=never, 2=rarely, 3=once/month,
4=once/week, 5=daily. In order to combine
these three variables, "reasoning" was reverse
coded so a low score would represent
punitive/aversive parenting and a high score
would represent the absence of this parenting
style. The scores on these three questions were
combined to get a score between 3 and 9. The
lowest 10th percentile was said to have a
problematic level of aversive/punitive
parenting, which was determined to be scores
between 3 and 6, coded as 'yes'. Those with a
score between 7 and 9 were coded as 'no' and
those without a valid response were coded as
'missing’.

167



INTERPERSONAL

VARIABLE

QUESTION

CODING

TV exposure

A predictor in the
NLSCY models was
exposure to violence on
TV; however, ALSPAC
does not specifically ask
participants about this.

As a proxy estimate, the top 90" percentile of
time spent watching TV was coded as having
high exposure to TV, presuming that these
children would be more likely to be exposed to
violence, as they watch the most TV during the
week.

Change in ALSPAC does not If the child is not in weekday childcare or they
childcare specifically ask about report ‘still have’ for their childcare providers,
arrangements chan_ges in childcare they were coded as not having changed
prowders, h_owever, there childcare. However, if they reported stopping
is an extensive module, . )
which asks when about one of their providers, they were coded as
details of weekday ‘yes’ to changing childcare. If there was no
childcare. valid response to the first question on the
childcare module, they were coded as
‘missing’.
Parental Mothers were asked Mother who reported doing volunteer work

volunteering

about their community
involvement at 5 years, 1
month.

were coded as ‘yes’ while mothers who did not
report doing volunteer work were coded as
‘no’. Those who did not provide a response to
this question were coded as ‘missing’.

Low social support

Social support was
measured using a multi-
item scale, and a score
between 0 and 30 was
derived for participants,
where a high score
indicates high social
support and a low score
indicates low social
support. This module
was asked at several time
points during early
childhood at the
following ages: 8 weeks;
8 months; 1 year, 9
months. The derived
social support scores
available at all three time
points put missing values
to the mode.

The cut-off of the lowest 10" percentile was
chosen to indicate low levels of social support.
Any participant scoring between 0 and 12 in
any of the cycles were said to have low social
support and coded as ‘yes’, while those with a
score of 13 or above were said to have
moderate or good social support. Those
without a valid social support score during any
of the cycles were coded as ‘missing’.
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ENVIRONMENT

VARIABLE QUESTION CODING
Low The closest proxy to the | Those who report that the neighbourhood is
neighbourhood neighbourhood cohesion | ‘not very good’ or ‘not good at all” were said
cohesion score included on to have low neighbourhood cohesion, while
ALSPAC is the since those who indicated their neighbourhood was
item that asks the mother | ‘very good’ or ‘good’ were said to have
is she “thinks the moderate or high neighbourhood cohesion.
neighbourhood is a good | Those who did not respond to either were
place to live”, which is coded as ‘missing’.
asked at 2 years 9 months
and 5 years, 1 month.
Low Neighbourhood safety is | Those scoring in the top 10% were said to have
neighbourhood estimated from the high neighbhourhood stress, proxy for low
safety neighbourhood stress level of neighbourhood safety, which

score, which ranges from
0-23, where high scores
indicate a high level of
neighbourhood stress or
alternately, a low level of
neighbourhood safety.

corresponded to 8 or over on the
neighbourhood stress scale.
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Appendix 8 ALSPAC self-harm questionnaire

SECTION XX: DELIBERATE SELF-HARM

Life has many ups and downs. Sometimes people feel upset. These feelings
can be so bad that people who have them may feel suicidal or want to self-
harm. The following questions ask you about your feelings and the feelings
of people close to you. We know this is a sensitive subject, but it is
important to ask about it now, as it is not uncommon. By finding out about
self-harm we can find ways of helping people.

l. 3) Has anyone in your family (not including yourself) ever hunt themselves on purpose
(e.g. by taking an overdose of pills, or by cutting themselves)?

Yes D No B — If no, g0 to question 2

If yes,
b} Who in your family has done this? Please mark gll_boxes that apply.

B Mum 1

i) Dad l

iii} Brother
iv)_Si

v} Someone else

¢} Which of these actions best describes what they did? Please mark all boxes that apply.

1 Swallowed pills or something poisonous

ii} Cut themselves

iii} Bumnt themselves, e.g. with cigaretie

iv) _Something else 1

2. a) Have any of your close friends ever hurt themselves on purpose?

Yes |l No E —— [f no, go to question 3
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If yes,

b} Which of these actions best describes what they did? Please mark all boxes that apply.

1) Swallowed pills or something poisonous

if) Cut themselves

iii) Bumt themselves, e.g. with cigarete

iv)_Something else

3. g) Have vou ever hurt yourself on purpose in any way (e.g. by taking an overdose of
pills, or by cutting yourself)?

e [

If yes,

No E ——# [f no, go to question 6a on page XX

b} How many times have you done this in the last vear? Please mark one box only.

Onee

G=10 times

2-5 times

More than
10 times |4

c) When was the last time you hurt yourself on purpose? Please mark one box only.

In the last week More than a week
|I

ago but in the last vear

More than a
YEar ago

d) The last time you hurt yourself on purpose, which of the actions below best

describes what you did? Please mark all boxes that apply.

1) Swallowed pills or something poisonous

i} Cut vourself

iii) Bumt vourself, e.g. with cigarette

iv)._Something else

Please say what:

o
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€) Do any of the following reasons help to explain why you hurt yourself on that occasion?
Flease mark all boxes that apply.

iy I'wanted to show how desperate [ was

fegling

ii} I wanted to die
iii) I wanmed o punish myself
iv) I wanted to frighten someone

v} I wanted to get relief from a terrible
state of mind

¥il_Some other reascn

f} Adter you had hurt yourself on that occasion, how did you feel? Please mark one box
only.

Better than hefﬂre| The same as before | Worse than |
] Before

£} The last time you hurt vourself in any way (e.g. by taking an overdose of pills, or by
cutting yourself) did vou seek medical help / first aid from any of the following? Please
mark all boxes that apply.

i) GP (family doctor) 1
it} Hospital gasuality / emergency department 1
iif) Other health professional 1

4, Cn any of the occasions when you have hurt yourself on purpose, have you ever
seriously wanted to kill vourself?

Yes I Nr.:u|

3. g) Have vou ever tried to get help from someone or somewhere about hurting yourself
on purpose, or about wanting to kill yourself?

Yes D Mo B = [ no, go to question Ga
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If yes,

b}  Who have you been to for help? Please mark all boxes that apply.

6. a)

k)

7. )

k)

i) Mum or Dad

iil Brother or sister

ili}) Someone else in your family 1

iv) A friend

¥} A teacher

i) A school counsellor

wii) Peer supponermediator ar school

wili)A GP (family doctor)

ix) A social worker

X} A psychologist or psychiatrist

xi) A telephone help line

xii) Somewhere else (e.g. internet, book, —
magaging, other person, etc.) I

Have yvou ever felt that life was not worth living?

v |

If yes,

Mo E — I no, skip to the end

When was the last time you felt like this? Flease mark one box only.

In the last week

More than a week More than a

aen but in the last vear yedr ago 3

Have vou ever found vourself wishing you were dead and away from it all?

Yes 1

If yes,

Mo

— If oo, skip to the end

When was the last time you felt like this? Flease mark one box only.

In the last week
|I

More than a week More than a |

ago but in the last vear Ye&r ago

173



8. a) Have vou ever thought of killing wourself, even if you would not really do it?

Yes |] Mo | | ——# If no, skip to the end

If yes,
b} When was the last time yvou felt like this? P'lease mark one box only.
In the last week D More than a week More than a D
ago but in the last vear YE&r ago
g, Have vou ever made plans to kill yourself?

Yes |:| HGL_I

You can get information and advice relating to any of the
gquestions by contacting the organisations on the enclosed
Helpline information sheet.
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