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ARTICLE INFO ABSTRACT

Objective: : This study examined the patterns of association between mental disorders and subsequent suicide in
a community sample representative of the Canadian household population.

Methods: : This retrospective cohort study used data from the Canadian Community Health Survey 2002 linked
to the Death Database 2000-2011 and the Hospitalization Database 1999/2000-2012/2013) (n=27,000).
Mental disorders (past year major depressive episodes (MDE), bipolar disorders (BPD), anxiety disorders (AD),
and substance dependence (SD)) and subsequent suicide events (deaths or hospitalizations for suicide attempts)
were identified. Competing risk regression models were used to analyze the time-to-event data, adjusting for age,
sex, marital status, and educational attainment.

Results: : Past year mental disorders were diagnosed in 11.38% of the cohort and 0.41% had suicide events. An
increased hazard of suicide events associated with MDE, SD and AD weakened over-time, but this was not
observed for BPD. For example, the HR of suicide events for MDE was 6.02 (95% confidence interval (CI) =2.65,
13.68) in the first 4 years, whereas, it was 2.03 (95% CI=0.91, 4.53) after 4 years. Whereas, the HRs of suicide
events for BPD were 16.95 (95% CI=6.88, 41.75) and 15.81 (95% CI=5.89, 42.45) before and after 4 years.

Limitations: : Diagnostic data are likely to underestimate the prevalence of suicide events.

Conclusions: : The risk of suicide events declined over time for MDE, SA and AD, but remained high for BPD. This
may reflect improvement over time in MDE, SA and AD, but indicates that people living with BPD have a
persistent elevated hazard of suicide events.
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1. Background suicidal deaths are associated with past suicidal behaviors involving suicidal

ideation, suicide attempts, self-harm, and suicide-related hospitalizations

Suicide, a preventable cause of death, is the 10% leading cause of death
worldwide (World Health Organization, 2014). Every 40 seconds a person
dies by suicide in the world, which represents a worldwide suicide rate of
11.4 per 100,000 population (World Health Organization, 2014). In Ca-
nada, it is the 9 leading cause of death for the overall population and 2
leading cause of death for young adults (Government of Canada, 2020).
Currently, an average of 10 people die due to suicide each day in Canada
(Government of Canada, 2020), representing 10.3 suicide deaths per
100,000 population (Statisitics Canada, 2020a). These estimates are likely
to be even higher as suicide cases are likely to be under-reported. As suicide
often affects young people, it makes a large contribution to years of po-
tential life lost. Additionally, the repetition of suicidal behaviors is common
(Government of Canada, 2020; Carroll et al., 2014; Kapur et al., 2006). Most
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(Government of Canada, 2020). Overall, suicide leads not only to the loss of
individual life, but is also a burdensome issue for affected families, and for
society as a whole. Therefore, suicide is a serious public health problem and
it warrants public health attention for its prevention. An important step for
development and refinement of preventative public health interventions for
suicide is to establish its risk factors, specifically modifiable risk factors such
as mental disorders.

Evidence exists for an association between mental disorders (such as
major depressive disorders (MDE), bipolar disorder (BPD), substance de-
pendence (SD), and anxiety disorders (SD)) and subsequent suicidality
(including suicidal thoughts and attempts) and deaths by suicide (Gili et al.,
2019; Harris and Barraclough, 1997; Nock et al., 2009; Nock et al., 2010;
Too et al., 2019; Weissman et al., 1989). To illustrate, numerous studies
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including systematic reviews have reported that suicidal behaviors and
deaths are common among those with mental disorders (Gili et al., 2019;
Harris and Barraclough, 1997; Nock et al., 2009; Nock et al., 2010;
Too et al., 2019; Weissman et al., 1989). More than 90% of people that
attempted suicide or died by suicide were found to have one or more mental
disorders in studies based on clinical samples (Arsenault-Lapierre et al.,
2004; Cavanagh et al., 2003; Wunderlich et al., 1998). A recent systematic
review conducted by Too, et al found the pooled risk ratio of suicide was 7.5
(95% CI= 6.6, 8.6) and the population attributable risk of suicide up to
21% for mental disorder (Too et al., 2019). However, these findings vary by
the study sample (general vs clinical population), the mental disorders
(single mental disorders and comorbid mental disorders) and the suicide
outcomes (ideation, attempt, and death) (Bostwick and Pankratz, 2000;
Harris and Barraclough, 1997; Nock et al., 2009; Nock et al., 2010;
Too et al., 2019; Weissman et al., 1989; Wunderlich et al., 1998).

Existing evidence on the relationship between mental disorders and
suicide is predominantly based on the psychological autopsy, cross-sectional
study design, and clinical samples admitted to psychiatric hospitals utilizing
mental health services (Bertolote et al., 2003; Borges et al, 2010;
Bostwick and Pankratz, 2000; Cavanagh et al., 2003; Harris and
Barraclough, 1997; Nock et al., 2010; Weissman et al., 1989). Studies that
were conducted in clinical patients or that used cross-sectional study designs
or psychological autopsy methods are vulnerable to biases and may have
limited generalizability. For example, psychological autopsy studies poten-
tially introduce recall bias as they retrospectively obtain information on
mental disorders and suicidal behaviours of those who died by suicide
through structured interviews with individuals who were close to them.
Studies based on clinical samples are vulnerable to selection bias since they
over-represent people with more severe illness, and suicidal ideation or risk
is a common reason for admission to clinical services. Studies that assess
mental disorders (as exposures) in a community-based sample and pro-
spectively measure suicide (as outcome) with several years of follow up are
needed to obtain valid estimates of the strength of association between
mental disorders and suicide. Furthermore, to our knowledge, there are no
such studies that have examined the characteristics of the relationship be-
tween mental disorders and suicide, particularly, suicide risk patterns over
time. This current study examined the patterns of association between
mental disorders and suicide events in a nationally representative sample of
the Canadian household population.

2. Methods
2.1. Data sources

This is a retrospective cohort study that used data from the

CCHS 1.2 (2002) sample
15+ years
N=37,000

No permission to share
N=2,000

Permission to share
N=35,000

Failure to ink to CVSD
N=3,000

Linked to CVSD 2000-2011
N=32,000

Excluded CCHS samples from Quebec
N=5,000

Final CCHS sample
included in analysis
N=27,000
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Canadian Community Health Survey (CCHS) cycle 1.2 (conducted in
2002) linked to the death data from the Canadian Vital Statistics Death
Database (CVSD) 2000 to 2011, and hospitalization data from the
Discharge Abstract Database (DAD), fiscal years 1999/2000 to 2012/
2013. In Canada, health care is a provincial responsibility, and almost
all hospitalizations occur in public hospitals. These hospitals submit
data to the provincial government for reasons of remuneration, and all
provinces except Quebec submit their data to a national registry
maintained by the Canadian Institute for Health Information.

Briefly, the CCHS cycle 1.2 was a content focus survey on mental
health and was conducted between June 2002 and December 2002 in a
sample of approximately 37,000 individuals who were representative of
the Canadian household population living in the 10 Canadian pro-
vinces. People who are institutionalized, full time members of the
armed forces or residents of reserves and other Indigenous settlements
are outside of the target population. These exclusions represent ap-
proximately 3% of the national population. Detailed information on this
survey, including response rates, questionnaires, survey methodology,
and data accuracy are available on the Statistics Canada website
(Statisitics Canada, 2020b). As part of its record linkage initiatives,
Statistics Canada linked the CCHS survey data to the CVSD 2000 to
2011 on December 31, 2011, and the DAD (fiscal year 1999/2000 to
2012/2013), housed at the Canadian Institute for Health Information.
The record linkage collected mortality data from CVSD, including a
death date and reported International Classification of Diseases Tenth
Revision, Canadian Modification (ICD-10-CA) codes for the underlying
causes of death, and hospitalization data from DAD, including hospi-
talization dates and reported ICD-9-CA and ICD-10-CA codes for 25
diagnoses. A detailed description of data linkage procedures and its
quality assessment has been reported elsewhere (Sanmartin et al.,
2016). The data were accessed through and analyzed at the Prairie
Regional Data Centre, located at the University of Calgary. Ethics ap-
proval was not applicable as the University of Calgary does not require
ethics review for secondary data analysis using Statistics Canada data.

As shown in Figure 1, out of 37,000 CCHS 2002 respondents, 35,000
respondents (approximately 90%) consented to have their survey data
linked with other administrative data sources, including the CVSD and
the DAD, at the time of their participation in the survey. Among those
who providing consent for linkage, 32,000 survey respondents were
successfully linked (using a probabilistic linkage conducted by Statistics
Canada) to CVSD on December 31, 2011. As the DAD does not include
hospitalization data from Quebec, this study excluded survey re-
spondents from Quebec, leading to n= 27,000 being analyzed. These
numbers were rounded as required by Statistics Canada's data release
guidelines.

Fig. 1. Flow diagram for data linkage CCHS 1.2 Sample (estimates are rounded in
keeping with Statistics Canada data release guidelines)

CCHS: Canadian Community Health Survey; CVSD: Canadian Vital Statistics
Database; DAD: Discharge Abstract Database

CCHS samples from Quebec province were excluded as DAD does not include
hospitalization data from Quebec
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2.2. Measures

Suicide events were defined as the first occurrence of hospitalization
for suicide attempt or death due to suicide, a composite variable.
Hospitalizations for suicide attempts were identified using ICD-9-CA
(E950-E959) and ICD-10-CA (X60-X84, Y87.0) codes for intentional
self-harm from the DAD (Statistics Canada, 2005). Both ICD-9-CA and
ICD-10-CA codes were used as not all provinces fully transitioned to
ICD-10 until 2004/05. Deaths due to suicide were identified using ICD-
10-CA codes for intentional self-harm (X60-X84, Y87.0) from the CVSD
(Statistics Canada, 2005). Past 12 months mental disorders_ major de-
pressive episodes (MDE), bipolar disorders (BPD), anxiety disorders
(AD: includes panic anxiety disorder, social phobia, and agoraphobia),
and substance dependent (SD)_ of the survey respondents were identi-
fied in the survey data. The description on how these mental disorders
were diagnosed is documented elsewhere (Statistics Canada, 2020b;
Tjepkema, 2004). MDE and AD were diagnosed using a Canadian
adaptation of the World Mental Health version of the Composite In-
ternational Diagnostic Interview instrument (WMH-CIDI) . The WMH-
CIDI measures episodes of symptoms and duration, frequency and se-
verity of the symptoms to identify the presence of these mental dis-
orders. SD was defined based on illicit drug dependence or alcohol
dependence. At the time of the survey, cannabis was considered an il-
licit drug. Respondents were considered to have an illicit drug depen-
dence if they experienced at least three symptoms of dependence re-
lated to their drug use at least monthly in the past 12 months.
Respondents were considered alcohol dependence if they exhibited
binge drinking (5 or more drinks during one occasion at least
once a month during the past 12 months) and showed three or more
symptoms affecting everyday activities (Statistics Canada, 2020b;
Tjepkema, 2004). We identified respondents who had past 12-month
MDE and life-time mania according to the WMH-CIDI in the survey data
and considered the diagnosis of a manic episode to indicate BPD, in
keeping with the DSM approach. Age, sex, marital status, and highest
educational level achieved were chosen as covariates. Age was treated
as a continuous variable. Marital status was dichotomized as married
(included common-law) and single (included never married, previously
married, widowed, and divorced). Additional covariates were not in-
cluded since the goal of the analysis was to quantify the strength of
association, not to isolate independent causal factors.

2.3. Data analysis

A recorded date of interview for each respondent in the survey was
treated as the baseline time point. Survey respondents were followed up
from the date of the interview to the data linkage date for CVSD
(December 31, 2011) to see the suicide events (hospitalizations due to
suicide attempts or deaths due to suicide). Survey participants who
remained alive and were not hospitalized for suicide attempts before
the data linkage date (December 31, 2011) were censored at that date.
Time to event was calculated by subtracting the dates of baseline in-
terview from the hospitalization dates for suicide attempts or the dates
of deaths due to suicide (which ever occurred first). The total persons
time at risk was 240,000 years (rounded).

The proportion of survey respondents who had mental disorders in
the past 12 months and later had suicide events was assessed.
Competing risk regression models that adjust for competing risk (i.e.,
other cause-related deaths) were used to estimate hazard ratios (HR)
and 95% confidence intervals (CI). First, a model for each mental dis-
order was constructed to assess the hazard of suicide associated with
each mental disorder compared to the absence of the disorder. The
models were adjusted for age, sex, marital status, and educational at-
tainment as these variables were associated with both mental disorders
and suicide. Then, interaction terms between mental disorders were
used to assess whether the hazard of suicide varied in relation to co-
morbidities. As none of the interaction terms were significant, the
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interaction terms were dropped from the models and are not discussed
further in this report.

The Cox proportion hazard assumption (whether the effect of
mental disorders is constant over time) was evaluated using log-log
plots, a statistical test based on the Schoenfeld residuals, and by as-
sessing the statistical significance of interaction terms involving time by
exposure. The models for MDE and SD did not meet the assumption:
significant violations of the proportional hazards assumption were ob-
served, indicating that the relative hazard of suicide events for MDE
and SD changed significantly over time. Therefore, the models were
stratified using the time to event cut-off 4-year. These stratified models
met the Cox proportional hazard assumption.

The CCHS survey used stratified, multistage sample selection tech-
niques which included clustering and unequal selection probabilities.
Sampling weights, provided by Statistics Canada, were used to ensure
the representativeness of target population, with the provision that
Quebec was excluded as this province does not participate in the DAD-
CCHS linkage. All analyses were performed using STATA statistical
software version 16.0. An alpha-level of 5% was used to assess statis-
tical significance.

As we combined hospitalizations for suicide attempts and deaths
due to suicide into a single variable (which was required to have an
adequately powered analysis), we performed sensitivity analyses to
compare the hazard ratios for suicide attempt and suicidal death.
Furthermore, the risk patterns of suicide attempt and death were as-
sessed across male and female groups to examine whether the patterns
aligned with known characteristics from literature (i.e., males having
lower suicide attempts, but higher death due to suicide, compared to
females) (Government of Canada, 2020). For these analyses, two se-
parate models were constructed, a Cox model for suicide attempts and a
competing risk model for suicidal death. Each model included mental
disorders, age, sex, marital status, and education attainment variables
and the estimates were adjusted for every other variable included (si-
multaneous adjustment).

3. Results

Of the approximately 27,000 respondents eligible for this analysis,
0.41% had a suicide event (hospitalized for suicide attempts or died due
to suicide). The respondents with suicide events were younger (mean
age= 39.21 years) than those who did not (mean age =43.78 years). As
shown in Table 1, a high proportion of respondents with suicide events
were single or previously married (including widow/separated/di-
vorced) and had post-secondary education. Of those with suicide
events, 15.58% had MDE, 14.47% had BPD, 27.40% had AD, and
15.58% had SD.

Table 2 shows the association between past 12-month mental dis-
orders and subsequent suicide event (hospitalization for suicide at-
tempts or death due to suicide). All mental disorders were significantly
associated with an increased hazard of suicide. The increased hazard of
suicide events was different across mental disorders. Adjusting for age,
sex, marital status, and educational attainment, the HR was 4.04 (95%
CI=2.13, 7.66) for MDE, and the HR for BPD was 16.49 (95% CI=8.45,
32.17). Similarly, the HR was 6.23 (95% CI=3.69, 10.50) for AD and
was 3.79 (95% CI=2.01, 7.15) for SD. In all of these HRs, the group
with no disorder was included as the reference category. However, the
strength of associations differed significantly over time for MDE (p-
value for the time by exposure interaction was p=0.012) and for SD (p-
value for the time by exposure interaction was p=0.047), but not for
BPD (p-value for interaction term was p=0.770) and AD (p-value for
interaction term was p=0.107) (Table 2).

Based on the stratified models using the time to event cut-off 4
years, the adjusted HR of suicide among those with MDE was 6.02 (95%
CI=2.65, 13.68) in the first 4 years, whereas, it was 2.03 (95%
CI=0.91, 4.53) after 4 years. Similarly, the adjusted HRs of suicide for
SD were 6.29 (95% CI=2.79, 14.17) and 1.82 (95% CI=0.65, 5.07)
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Table 1
Characteristics of survey respondents (n= 27,000)
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Characteristics variables Overall % (95%

Hospitalizations for suicide attempts or death

Hospitalizations for suicide attempts or death

CD due to suicide: yes % (95% CI) due to suicide: no % (95% CI)
Sex:
Female 50.80 (50.80, 50.65 (50.30, 51.00) 50.84 (50.82, 50.86)
50.86)
Male 49.16 (49.14, 50.65 (50.30, 51.00) 49.16 (49.14, 49.18)
49.18)
Marital status:
Married common-law 62.31 (62.28, 36.36 (36.02, 36.700 62.41 (62.39, 62.43)
62.33)
Widow/separated/divorced/single 37.69 (37.67, 63.64 (63.30, 63.98) 37.59 (37.57, 37.61)
37.72)
Educational attainment:
Less than secondary school graduation 24.50 (24.48, 38.16 (37.81, 38.50) 24.44 (24.42, 24.46)
24.52)
Secondary school graduation 19.77 (19.75, 28.95 (28.63, 29.27) 19.73 (19.71, 19.75)
19.79)
Some post-secondary education 9.11 (9.10, 3.95 (3.81, 4.09) 9.13 (9.12, 9.15)
9.13)
Post-secondary credit/diploma or university 46.62 (46.60, 30.26 (29.94, 30.59) 46.70 (46.67, 46.72)
46.65)
Past 12 months mental disorders:
Major depressive disorder 3.90 (3.89, 15.58 (15.33, 15.84) 3.86 (3.85, 3.86)
3.91)
Bipolar disorder 0.87 (0.86, 14.47 (14.22, 14.73) 0.80 (0.80, 0.80)
0.87)
Any anxiety disorders 5.13 (5.12, 27.40 (27.07, 27.72) 5.04 (5.03, 5.05)
5.14)
Substance dependence 3.36 (3.35, 15.58 (15.33, 15.84) 3.31 (3.30, 3.32)
3.37)
Any mental disorder 11.38 (11.36, 47.30 (47.94, 47.66) 11.23 (11.22, 11.25)
11.39)
Subsequent suicide events (hospitalizations for suicide 0.41 (0.40, - -
attempts or death due to suicide) 0.41)

Note: any anxiety disorders include panic anxiety disorder or social phobia or agoraphobia; substance dependence includes illicit drug or alcohol dependence or both

before and after 4 years. However, the risk of suicide associated with
BPD remained high over time, similar HRs were observed in the first 4
years and after 4 years. The adjusted HRs of suicide for BPD were 16.95
(95% CI=6.88, 41.75) and 15.81 (95% CI=5.89, 42.45) before and
after 4 years, respectively. Although the interaction term of AD with
time was not significant, the adjusted HRs of suicide for AD were 8.74
(95% CI=4.32, 17.69) and 3.73 (95% CI=1.55, 8.96) before and after
4 years, respectively (Table 3).

Sensitivity analysis, as shown in Table 4, shows that the relative
hazard of suicide attempts (HR =6.50, 95% CI=3.67, 11.50) and the
relative hazard of death due to suicide (HR=7.74, 95% CI=2.93,
20.41) associated with any mental disorders are similar. Compared to
females, males had lower hazard of suicide attempt (HR=0.82, 95%
CI=0.48, 1.41) but higher the hazard of death due to suicide
(HR=1.85, 95% CI=0.71, 4.87) although these differences were not
statistically significant.

Table 2

4. Discussion
4.1. Main Findings

This study examined the patterns of association between mental
disorders and subsequent suicide events in nationally representative
community sample in Canada using national survey data 2002 linked
with the national mortality database 1999,/2000-2012/2013 and hos-
pitalization database 2002-2011. It found an increased hazard of sui-
cide associated with each mental disorder, namely MDE, BPD, AD, and
SD. The hazard was distinct across these mental disorders. Importantly,
the increased hazard of suicide events associated with MDE, SD, and AD
was smaller after stratification by year, but the strongly elevated hazard
ratio associated with BPD remained unchanged over time.

Patterns of association between past 12 months mental disorders and subsequent suicide events

Mental disorders™ Unadjusted HR (95% CI)

Adjusted ° HR (95% CI)

P value for adjusted HR P value for interaction with time to event

4.49 (2.32, 8.64)
21.00 (11.44, 38.56)
6.99 (4.24, 11.51)
5.11 (2.91, 8.98)

Major depressive disorder 4.04 (2.13, 7.66)
Bipolar disorder
Any anxiety disorders

Substance dependence 3.79 (2.01, 7.15)

16.49 (8.45, 32.17)
6.23 (3.69, 10.50)

<0.0001 0.012
<0.0001 0.770
<0.0001 0.107
<0.0001 0.047

2 Individual model was constructed for each mental disorder, where reference group was absence of the mental disorder
b Adjusted for age, sex, marital status and educational attainment; any anxiety disorders include panic anxiety disorder or social phobia or agoraphobia or their
combination; substance dependence includes illicit drug or alcohol dependence or both
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Table 3
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Patterns of association between past 12 months mental disorder and subsequent suicide events stratified by time to the event

Models stratified by time to the event (4 years)
Time to the event <4 years

Mental disorders” Unadjusted HR (95% CI)

Adjusted” HR (95% CI)

Time to the event >4 years

Unadjusted HR (95% CI) Adjusted” HR (95% CI)

Major depressive disorder
Bipolar disorder

Any anxiety disorders
Any substance dependent

6.94 (2.97, 16.19)
22.29 (9.92, 50.05)
10.38 (5.37, 20.07)
7.34 (3.57, 15.09)

6.02 (2.65, 13.68)
16.95 (6.88, 41.75)
8.74 (4.32, 17.69)
6.29 (2.79, 14.17)

2.11 (0.95, 4.66)
19.19 (7.70, 47.84)
3.88 (1.67, 9.04)
2.82 (1.10, 7.20)

2.03 (0.91, 4.53)
15.81 (5.89, 42.45)
3.73 (1.55, 8.96)
1.82 (0.65, 5.07)

2 Individual model was constructed for each mental disorder, where reference group was absence of the mental disorder
> Adjusted for age, sex, marital status, and educational attainment; any anxiety disorders include panic anxiety disorder or social phobia or agoraphobia or their
combination; substance dependence includes illicit drug or alcohol dependence or both

4.2. Interpretations

Previous studies have shown the association between mental dis-
orders and suicidality, including the unique associations for individual
mental disorders and comorbid mental disorders (Bertolote et al., 2003;
Borges et al., 2010; Bostwick and Pankratz, 2000; Cavanagh et al.,
2003; Harris and Barraclough, 1997; Nock et al., 2010; Weissman et al.,
1989). These findings reinforce the widely accepted idea that better
management of mental disorders, including improved access to and
quality of mental health services, may be important for suicide pre-
vention, although we did not attempt to adjust for the effects of treat-
ment in this analysis. Our findings — that the association changes
(declines) over time for MDE, SD, and AD but that it remains unchanged
for BPD — enhance the prior understanding of the association between
mental disorders and suicidality. The findings that the majority of
suicide occurs in people with MDE, SD, and AD in the early years fol-
lowing documentation of a diagnosis, suggesting that this is a time of
particularly high risk. Whereas, the findings that the risk of suicide
persists over time in people with BPD suggest that continuous long-term
follow up may be required in this group.

The association between mental disorders and suicide was stronger
in previous studies than in our study. For example, the reported relative
risk was 13.41 for depression, 18.82 for BPD, 27.60 for affective dis-
order, 9.40 for AD, and 11.98 for substance use (Hoye et al., 2016;
Meier et al., 2016; Too et al., 2019; Webb et al., 2014; Webb et al.,
2013). While the measurement variation, of exposures and/or out-
comes, across studies affects the differences in strength of association, it
is important to note that the previous studies were mostly conducted in
clinical samples in hospital settings that mostly include more severely
ill patients or vulnerable populations for suicide. Our study was con-
ducted in a nationally representative community sample and confirms
that these mental disorders are associated with suicide in community

Table 4

populations. Our study should encourage future studies to focus on
examining interventions for suicide prevention in community-based
samples.

Differences in the pattern of risk over time may be related to
characteristics of these disorders. MDE may more often (compared to
the other disorders we examined) be precipitated by environmental
(stressful life events, such as stress, loss, threats, and social isolation)
characteristics (Nabeshima and Kim, 2013). As time passes, the effects
of life events and other environmental determinants may diminish. A
similar pattern may not occur in BPD due to its greater heritability. BPD
is considered 60% to 80% heritable (Nabeshima and Kim, 2013;
Smoller and Finn, 2003), and thereby they may change less over time.
Another possible explanation for the declining relative hazard of suicide
over time in people with MDE could be the result of the lower severity
of MDE over time due to treatment and management (Stone et al.,
2009), but if this were the case a similar dynamic would be expected for
BPD. Similarly, positive psychological changes in people managing
their SD may underpin the apparently declining HR with time. How-
ever, we were unable to analyze the risks by severity of disorder since
the CCHS did not measure severity of disorders.

4.3. Strengths/limitations

This study has several strengths. First, this study used CCHS data,
which was collected in a nationally representative community sample,
in contrast to previous studies which were mostly conducted in clinical
samples in hospital settings. Second, the current study had access to
approximately 10 years of follow up data. This provided an opportunity
to analyze the association between past mental disorders and sub-
sequent suicide using the time-to-event data, where the mental dis-
orders (exposures) preceded the suicide outcomes or the directionality
of association was clear. Furthermore, the use of record linkage data

Association of past 12 months any mental disorder, separately with subsequent suicide attempt and death due to suicide (sensitivity analysis)

Variables
cD?

Suicide attempt (cox model) Adjusted HR (95%

Death due to suicide (competing risk model) Adjusted HR (95%
CcD?

Any mental disorder b 6.50 (3.67, 11.50)

Age 0.99 (0.98, 1.01)
Sex:

Female (reference) -

Male 0.82 (0.48, 1.41)

Marital status:
Married/common-law (reference) -
Widow/separated/divorced/single 2.19 (1.23, 3.87)
Educational attainment:
= Secondary school graduation (reference) -
Secondary school graduated 0.78 (0.40, 1.53)
Some post-secondary education 0.12 (0.04, 0.36)
Post-secondary credit/diploma or university degree  0.47 (0.25, 0.85)

7.74 (2.93, 20.41)
1.02 (1.00, 1.03)

1.85 (0.71, 4.87)

2.35 (0.86, 6.44)

1.35 (0.40, 4.54)
0.60 (0.10, 3.79)
0.51 (0.18, 1.43)

@ Adjusted for every other variables in the model (simultaneous adjustment).
b

any mental disorder include mood disorders (major depressive disorder and mania), anxiety disorders (panic anxiety disorder, social phobia, and agoraphobia),

and substance dependence (illicit drug and alcohol dependence), where reference group is absence of any mental disorder
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circumvented the issue of recall bias to which psychological autopsies
are prone. We combined suicidal death cases and hospitalizations for
suicide attempts as a single suicide variable to address the small sample
size issue for such a rare outcome. As our sensitivity analyses showed
similar risk patterns of suicide attempt and suicidal death by mental
disorders, and the risk patterns of suicide attempt and suicidal death
across males and females as existed in the literature, such combination
was justifiable. While we used ICD-9 and ICD-10 case definitions for
suicide diagnostic data contained in the administrative databases (DAD
and mortality database), as recommended by Statistics Canada, the
diagnostic data are likely to underestimate the prevalence of suicide,
specifically attempts (Rahme et al., 2016), since not all attempts require
hospitalization. This could have diluted the observed association biased
towards the null. Although it can be expected that actual association is
stronger than the observed association, it is unlikely that this influenced
the observed suicide risk patterns over time.

Our regression models included mental disorders, age (continuous
variable), sex, marital status, and education attainment variables to
estimate the adjusted HRs of suicide events for mental disorders. We
also estimated the adjusted HRs of suicide events (separately for suicide
attempt and death due to suicide) across male and female groups, to
assess whether the suicide patterns aligned with known characteristics
from literature (males having lower suicide attempts, but higher death
due to suicide, compared to females). However, we are unable to fur-
ther analyze the hazards of suicide according to gender and age quar-
tiles due to the COVID-19 related lockdown and entry permission re-
striction in the Prairie Regional Data Centre at the University of
Calgary. This analysis is valuable as it allows to determine the hazards
of suicide in each age quartile (HRs are more interpretable in catego-
rical variables) and the hazards in males and females by each age
quartile (i.e., effect modification by age in male and female).

5. Conclusions

The risk of suicidal behavior declined over time after a past year
diagnosis of MDE, SA, and AD. This may reflect improvement over time
in MDE, SA, and AD (where peak prevalence is observed in the young
people) and their consequence on suicidal behavior. The findings un-
derscore the well-known importance of management strategies em-
ployed soon after the diagnosis of MDE, SD, and ADs. The risk of suicide
associated with BPD seems to strongly persist over time.
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