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ABSTRACT

BACKGROUND: Ongoing surveillance of
the means of suicide is necessary for
effective prevention. We examined how
mortality rates owing to different means
of suicide changed in Canada from 1981
to 2018.

METHODS: We obtained data from 1981
to 2018 on suicide deaths of individuals
aged 10 years and older, from the Can-
adian Vital Statistics Death Database.
We used joinpoint regression analysis to
examine changes over time in the sui-
cide mortality rate for the 3 most com-
mon means of suicide.

RESULTS: The age-standardized suicide
mortality rate declined in earlier decades
for both sexes, but did not significantly
change in recent decades for either sex.
The age-standardized rate of suicide by suf-
focation increased from 1993 for females
(2.1% per year) and from 1996 for males
(0.4% per year). The age-standardized
rate of suicide by poisoning decreased
for females (2.2% per year) and males
(2.1% per year) from 1981 to 2018. The
age-standardized rate of suicide by firearm
decreased from 1981 to 2008 (7.4% per
year) but did not significantly change there-
after for females; for males, it decreased

2.1% per year from 1981 to 1993 and 5.7%
per year from 1993 to 2007, but did not sig-
nificantly change thereafter.

INTERPRETATION: For both sexes, the
rate of suicide by poisoning is decreas-
ing, the rate of suicide by suffocation is
increasing, and the rate of suicide by
firearm has not significantly changed in
the last decade. Given the high propor-
tion of suicide deaths by suffocation, its
increasing rate and the difficulty of
restricting the means of suffocation,
other approaches to suicide prevention
are needed.

it was a few decades ago, but continued declines have

been absent in recent years and the impact of suicide
remains high.? Suicide was the ninth leading cause of death in
2018.2 More than three-quarters of suicide deaths in Canada are a
result of suffocation, poisoning and firearms.* Suffocation is the
predominant suicide method in most countries.* However, the
prevalence of different means of suicide can vary over time
because of changes in the accessibility of certain means.” Evi-
dence suggests that the relative frequency of different means of
suicide has changed in Canada, but those studies have not
included data from more recent years.®® Ongoing surveillance of
the means of suicide and understanding changes over time are
essential for designing and implementing prevention programs.*
It is especially important to consider sex and age in suicide
surveillance, because of differences across these sociodemo-
graphic characteristics. For instance, females are more likely to
self-report thoughts of suicide and to be admitted to hospital
owing to self-inflicted injuries,>!* while suicide mortality rates are

T he overall suicide mortality rate in Canada is lower than

about 3 times higher among males than females in Canada.?®¢
Higher suicide mortality rates for males have been observed in
almost all countries,! and have been attributed, in part, to more
lethal means of suicide (e.g., firearms).>512 Suicide-related
behaviour also varies across the lifespan, with the suicide mor-
tality rate tending to be high in middle-aged adults and males
older than 80 years, but hospital admissions owing to self-
inflicted injuries tending to occur during adolescence (particu-
larly among females).23>6:13

Canadian data from 2000 to 2009 indicated that suicide by suf-
focation was more prevalent among individuals aged 15-39 years,
while suicide by firearm was more prevalent among individuals
aged 60 years and older.® Canadian data for 2001 to 2011 suggested
that rates of suicide by firearm and poisoning declined for males
aged 15 years and older, but were unchanged among females dur-
ing this period.® Less is known about whether the means used by
age and sex groups have fluctuated over longer periods and in
more recent years. We sought to document the means of suicide
deaths in Canada in 2018 (the most recent data available at the
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time of writing) and investigate how the use of different means has
changed for males and females and across age groups since 1981.

Methods

Data sources

We analyzed data from 1981 to 2018 on suicide deaths of individuals
aged 10 years and older, from the Canadian Vital Statistics Death
Database. We identified suicide deaths from 1981 to 1999 using
diagnostic codes E950-E959 from the International Classification of
Diseases, 9th Revision (ICD-9), and 2000 to 2018 using diagnostic
codes X60-X84 and Y87.0 from the International Statistical Classifica-
tion of Diseases and Related Health Problems, 10th Revision (ICD-
10).1* Comparability studies suggest ICD coding changes did not
substantially affect the number of deaths classified as suicides.****
We grouped means of suicide into the following categories: hanging,
strangulation or suffocation (E953, X70); poisoning (E950-E952, X60-
X69); firearms or explosives (E955, X72-X75); falls (E957, X80); cutting
or piercing (E956, X78-X79); and other (all other codes). We obtained
data for 1981 to 1999 through a data-sharing agreement between
the Public Health Agency of Canada and Statistics Canada; data for
2000 to 2018 are available online.* We used population estimates
from Statistics Canada to calculate mortality rates.'’

Statistical analysis

We calculated age-standardized suicide mortality rates per 100000
population by the direct method, using the 2011 population as the
standard population. We calculated crude mortality rates for age-
stratified analyses. We analyzed changes in suicide mortality over
time using the Joinpoint Regression Program Version 4.7.0.0.%®

Joinpoint regression analysis models time trends using segmented
linear regression. The method identifies changes in the slope of the
regression function, determining the number and location of these
changes (i.e., join points). We calculated the annual percent change
(APC) to interpret the rate change per year using the formula
APC = [exp(B) - 1] x 100

where B is the regression coefficient of log suicide mortality rate
on year. We computed the average annual percent change (AAPC)
from 1981 to 2018 by the weighted average of the APCs, with the
weights equal to the length of the segments (i.e., the number of
years) from the joinpoint model. We obtained 95% confidence
intervals (Cls) for the APC and AAPC estimates. We investigated
changes over time for the 3 most common means of suicide in
Canada (i.e., suffocation, poisoning and firearm) at the national
level and stratified by sex (female and male) and by age (10-19,
20-34, 35-64, and 65 yr or older). We chose these age groups to
represent adolescents, young adults, middle-aged adults and
older adults. For nonstratified analyses, we used a p value of 0.05
as the cut-off for statistical significance. For the stratified analy-
ses, we applied Bonferroni corrections for multiple comparisons.
For sex-stratified analyses, we used a p value of 0.025; for analy-
ses stratified by sex and by age, we used a p value of 0.005.

Results

Suicide deaths in 2018

Figure 1 presents the age-standardized suicide mortality rates
and the number of deaths from each of the means of suicide in
2018. According to the data, suicide by suffocation was more
prevalent than other means, for both males and females. For

Total
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Poisoning
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Figure 1: Age-standardized suicide mortality rates (and number of deaths) by means of suicide (suffocation, hanging or strangulation; poisoning; fire-

arms or explosives; falls; cutting or piercing; and other) in Canada, 2018.
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males, the age-standardized mortality rate of suicide by suffoca-
tion (9.6 per 100000 population) was 3.2 times higher than that
for firearms (3.0 per 100000 population) and 4.0 times higher
than that for poisoning (2.4 per 100000 population). For females,
the age-standardized mortality rate of suicide by suffocation
(3.0 per 100000 population) was almost 1.8 times higher than
that for poisoning (1.7 per 100000 population) and 30 times
higher than that for firearms (0.1 per 100000 population). Age-
standardized suicide mortality rates for males exceeded those
for females across each of the 6 examined means of suicide.

Changes in the suicide mortality rate

Table 1 presents all of the estimates from the joinpoint analyses.
A total of 142343 suicide deaths of individuals aged 10 years and
older occurred in Canada from 1981 to 2018. Overall, we observed
a significant decrease in Canada’s age-standardized suicide mor-
tality rate from 1981 to 2008 (1.2% per year), but no significant
changes after that. As plotted in Figure 2, we also observed a pla-
teauing when we examined males and females separately. For
females, the overall age-standardized suicide mortality rate
decreased significantly from 1981 to 1991 (by 3.3% per year), but
did not change significantly after that. For males, the overall age-
standardized suicide mortality rate decreased significantly from
1981 to 1999 (by 0.6% per year), but did not change significantly
after that. Mean-specific changes over time are plotted in Figure 3,
and Appendix 1, Figures S1-S8 (available at www.cmaj.ca/
lookup/doi/10.1503/cmaj.202378/tab-related-content).

Change in means of suicide

Suffocation

The age-standardized mortality rate of suicide by suffocation
increased significantly for both males and females in recent
decades, although the magnitude of this increase differs (Appen-
dix 1, Figure S1). For females, the increase has been consistent and
significant from 1993 to 2018 at 2.1% per year, but for males it
increased significantly from 1988 to 1996 (by 4.1% per year) and by
0.4% per year afterward. As shown in Appendix 1, Figure S2, a rising
crude mortality rate of suicide by suffocation in more recent per-
iods was apparent across almost all age groups of females, except
for those aged 65 years and older, among whom this suicide mor-
tality rate declined significantly (1.9% per year) across the 38-year
range of this study. The crude rate of suicide by suffocation has
been increasing faster for females aged 10-19 years (2.8% per year
since 1995) and 20-34 years (3.7% per year since 1981) than for
females aged 35-64 years (1.5% per year since 1994). In age-stratified
analyses, we observed a significantly increasing crude mortality rate
of suicide by suffocation in men aged 35-64 years (0.6% per
year since 1999), but it declined significantly since 1997 (by 1.2% per year)
for males aged 10-19 years and since 1981 (by 0.8% per year) for
males aged 65 years and older (Appendix 1, Figure S3).

Poisoning

From 1981, the age-standardized mortality rate of suicide by poi-
soning decreased by an average of 2.2% per year for females and
2.1% per year for males (Appendix 1, Figure S4). Among females

younger than age 65 years, crude mortality rates of suicide by
poisoning declined significantly recently (Appendix 1, Figure S5).
By contrast, from 2000, for females aged 65 years and older, the
crude rate increased significantly, by 1.8% per year. Among
males in all age groups, the most recent trends for poisoning
decreased significantly (Appendix 1, Figure S6).

Firearms

Over the 38 years of data examined in this study, the age-
standardized mortality rate of suicide by firearm fell by an aver-
age of 5.2% per year among females, and by an average of 3.1%
per year among males. However, these reductions occurred pri-
marily in earlier decades (see Appendix 1, Figure S7 for the over-
all sex-stratified firearm results). From 1981 to 2008, the age-
standardized mortality rate of suicide by firearm for females fell
by 7.4% per year, but did not change significantly thereafter.
Similarly, this rate for males decreased significantly from 1981 to
1993 (by 2.1% per year) and from 1993 to 2007 (by 5.7% per year),
but did not change significantly thereafter. However, differences
in age-specific patterns of firearm suicide mortality were
observed among males (see Appendix 1, Figure S8). The crude
rate decreased consistently and significantly from 1981 for males
aged 65 years and older (by 2.4% per year), and decreased across
most of the study period for males aged 35-64 years (except from
2008-2015, when no significant change occurred). Younger males
also had significantly decreasing crude mortality rates for suicide
by firearm in earlier decades, but the crude rate did not change
significantly from 2004 for males aged 10-19 years, and it
increased significantly from 2008 for males aged 20-34 years (by
2.4% per year). Given the small number of suicide deaths by fire-
arm among females (i.e., around 0.4 per 100000 population after
2012), we did not conduct joinpoint analyses of age groups.

Interpretation

In this study of patterns in suicide deaths in Canada over almost
4 decades, we found that the rate of suicide by suffocation is gener-
ally increasing, while that for poisoning is decreasing. The rate of sui-
cide by firearm had been declining, but we observed no significant
changes in recent years among both sexes. These trends tended to
prevail across age groups, although there were some exceptions.

The increasing rate of suicide by suffocation among some
sociodemographic groups in Canada may partially explain why the
overall suicide rate has not continued to decrease in recent years.?
Increasing rates of suicide by suffocation have also been observed
in other countries; for instance, Norway and the United States.}%%
Recent Canadian research reported rising suicide rates among
females aged 10-24 and 45-64 years.2 Our research suggests that
this may reflect rising rates of suicide by suffocation among
females younger than 65 years. Substitution of less lethal means of
suicide (e.g., poisoning) with more lethal ones (e.g., suffocation)
over time among younger females might explain this increase.?*

We found a decrease in poisoning suicide rates among almost
all sociodemographic groups examined. The overall decrease coin-
cides with increases in unintentional poisoning deaths observed
during parts of the same time period, which might indicate that
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some intentional poisoning deaths are being misclassified as
unintentional.>?? Decreases in the rate of suicide by firearm in
earlier decades have been attributed, in part, to passage of fire-
arms legislation in 1977 and 1991.2 Although the rate of suicide
by firearm and the overall suicide rate have been increasing in
the US over the past decade,* these rates have not shown any
significant changes in Canada over the same time period.

Limitations
There are several limitations to this study. Discussion of potential
drivers of the observed trends is speculative, as the analyses are

purely descriptive. The joinpoint regression analyses were limited
to describing segments of linear trends, which may be an over-
simplification. Moreover, the optimum number of join points was
based on statistical significance, which could have resulted in
overfitting. Another limitation is the different editions of the ICD
used, from 1981 to 1999 and from 2000 to 2018, which could argu-
ably explain some of the trend changes observed during the
period of transition. Caution is also warranted when interpreting
findings related to poisoning because of the difficulty of establish-
ing intent in poisoning deaths, the potential misclassification of
some suicide deaths as unintentional poisoning, and changes in

Table 1 (part 1 of 2): Results from joinpoint analyses of suicide mortality rates in Canada by means, sex and age, 1981-2018*

Trend 1 Trend 2 Trend 3 Trend 4 Trend 5 Trend 6
Age Years Years Years Years Years Years
group, APC APC APC APC APC APC
Mean Sex yr (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) AAPC
All means Both All 1981-2008 2008-2015 2015-2018 - - - -1.0*
-1.2* 0.9 -4.3 (-1.7t0-0.4)
(-1.4t0 -1.0) (-1.1t03.1) (-10.0t0 1.8)
Female All 1981-1991 1991-2018 - - - - -0.8*
-3.3* 0.1 (-1.2t0 -0.4)
(-4.6 t0 -2.0) (-0.2t0 0.4)
Male All 1981-1999 1999-2004 2004-2018 - - - -0.8*
-0.6* -3.1 -0.3 (-1.4t0-0.3)
(-1.0t0 -0.3) (6.7 t0 0.5) (-0.8t0 0.3)
Suffocation, Both All 1981-1990 1990-1995 1995-2018 - - - 1.1*
hanging or -0.7 6.2* 0.7* (0.3t0 1.9)
strangulation (-2.2t00.8) (0.9to 11.7) (0.4t01.1)
Female All 1981-1990 1990-1993 1993-2018 - - - 1.5
-3.7* 13.0 ik (-0.3t03.3)
(-5.6t0-1.8) (-9.0t0 40.3) (1.6 to0 2.5)
10-19 1981-1995 1995-2018 = = = = 6.7*
13.3* 2.8* (5.0t08.3)
(9.5t017.2) (1.2t0 4.5)
20-34 1981-2018 = = = = = 3.7*
3.7 (3.3t04.1)
(3.3t04.1)
35-64 1981-1990 1990-1994 1994-2018 - - - 0.7
-5.9* 12.1 1.5% (-1.0to0 2.5)
(-8.5t0-3.3) (-3.7t0 30.4) (0.9t02.1)
65+ 1981-2018 - - - - - -1.9*
-1.9* (-2.5t0-1.2)
(-2.5t0-1.2)
Male All 1981-1988 1988-1996 1996-2018 - - - 0.9%
-0.8 4.1* 0.4* (0.3t0 1.6)
(-2.9t01.3) (1.9t0 6.4) (0.004 t0 0.8)
10-19 1981-1997 1997-2018 - - - - 0.6
3.0% -1.2* (-0.2t0 1.5)
(1.5 t0 4.6) (-2.2t0-0.2)
20-34 1981-1995 1995-2018 - - - - 1.2*
4.2* -0.5 (0.8t01.7)
(3.1t05.3) (-1.0t0 0.01)
35-64 1981-1988 1988-1999 1999-2018 - - - 1.4*
-2.4* 5.2* 0.6* (0.8t02)
(-4.4t0-0.4) (4.0t06.5) (0.2t01.1)
65+ 1981-2018 - - - - - -0.8*
-0.8* (-1.2t0-0.5)
(-1.2t0 -0.5)
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Table 1 (part 2 of 2): Results from joinpoint analyses of suicide mortality rates in Canada by means, sex and age, 1981-2018*

Trend 1 Trend 2 Trend 3 Trend 4 Trend 5 Trend 6
Age Years Years Years Years Years Years
group, APC APC APC APC APC APC
Mean Sex yr (95% CI) (95% CI) (95% CI) (95% Cl) (95% Cl) (95% Cl) AAPC
Poisoning Both All 1981-2015 2015-2018 - - - - -2.1*
-1.5* -9.3* (-2.9to-1.4)
(-1.7to-1.2) (-17.3t0 -0.5)
Female All 1981-1998 1998-2015 2015-2018 - - - -2.2*
“AF" 0.3 -12.6* (-3.1t0-1.3)
(-3.4t0-2.1) (-0.4t0 1.1) (-20.7 to -3.6)
10-19 1981-2018 = = = = = -3.2%
-3.2* (-5.0t0 -1.4)
(-5.0to -1.4)
20-34 1981-2018 = = = = = -3.1*
-3.1* (-3.5t0-2.6)
(-3.5t0-2.6)
35-64 1981-1998 1998-2015 2015-2018 - - - -2.1*
29" 0.5 -15.8* (-3.1to-1.1)
(-2.9to-1.4) (-0.3t0 1.4) (-24.9t0 -5.5)
65+ 1981-2000 2000-2018 - - - - -1.0*
-3.6* 1.8* (-2.1t0-0.02)
(-5.0t0 -2.2) (0.2t03.4)
Male All 1981-1987 1987-1990 1990-1995 1995-2000 2000-2015 2015-2018 -2.1*
1.2 -6.5 4.3 -5.9% -1.5% -10.4* (-3.9t0-0.3)
(-1.7t04.2) (-21.4t0 11.2) (-1.3t010.1) (-11.0to -0.6) (-2.3t0-0.7) (-17.8t0-2.3)
10-19 1981-2018 - - - - - -5.2*
-5.2* (-5.9to -4.5)
(5.9 to -4.5)
20-34 1981-1995 1995-2005 2005-2018 - - - -3.1*
-0.6 7.7 A7 (-4.1t0-2.1)
(-2.0t00.8) (-10.2to -5.1) (-3.7t0-0.6)
35-64 1981-2010 2010-2018 - - - - -1.8*
@7 -5.5* (-2.5t0-1.1)
(-1.2t0-0.3) (-8.2t0-2.6)
65+ 1981-2018 = = = = = -0.7*
-0.7* (-1.2t0-0.3)
(-1.2t0-0.3)
Firearms or Both All 1981-1993 1993-2005 2005-2018 = = = -3.3*
explosives -2.1* -6.2* -1.6* (-3.8t0-2.8)
(-3.0t0-1.3) (-7.1t0-5.3) (-2.4t0-0.9)
Female All 1981-2008 2008-2018 - - - - -5.2*
-7.4* 1.0 (-7.1t0-3.4)
(-8.8t0-6.1) (-5.3t07.7)
Male All 1981-1993 1993-2007 2007-2018 - - - -3.1*
-2.1* -5.7* -0.7 (-3.6 t0 -2.6)
(-3.0t0-1.3) (-6.4 to -5.0) (-1.7t00.3)
10-19 1981-1993 1993-2004 2004-2018 - - - -4.7*
-23 =A11,2° -15 (-6.6 to -2.8)
(-5.6t01.2) (-15.2t0 -7.0) (-4.1t01.3)
20-34 1981-1992 1992-2008 2008-2018 - - - -4.0*
-2.8* -8.7* 2.4* (-4.9t0-3.2)
(-4.5t0 -1.0) (-9.7t0-7.7) (0.3t0 4.6)
35-64 1981-1993 1993-2008 2008-2015 2015-2018 - - -3.1*
-1.8* -4.9* 0.9 -7.8* (-3.7to-2.4)
(-2.5t0-1.0) (-5.5 to -4.4) (-1.2t02.9) (-13.2t0-2.1)
65+ 1981-2018 - - - - - -2.4*
-2.4* (-2.7to-2.1)
(-2.7t0-2.1)
Note: AAPC = average annual percent change between 1981 and 2018, APC = annual percent change within each temporal trend, CI = confidence interval.
*Statistical significance.
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Figure 2: Age-standardized suicide mortality rates by sex in Canada, 1981-2018.

2012

2016

2020

8
c T A
= | . . .
E o | Suffocation, hanging or strangulatlgn 2
2
o 6 1
=%
=]
=]
=)
=] 5 A
S
-
S
o
o
@ 4
-
©
e
°
o
=~ 3 4
o
S
]
-
=
£ 21
@
w . .
:tﬂ Firearm or explosive
1 A
O T T T T T T T T T
1980 1984 1988 1992 1996 2000 2004 2008 2012 2016 2020
Year

Figure 3: Age-standardized mortality rates of suicide by suffocation, hanging or strangulation; poisoning; and firearms or explosives in Canada for both
sexes, 1981-2018.
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the use of the undetermined-intent category over time.*?2¢ More
research is needed to understand these potential issues and other
explanations (e.g., increased use of psychiatric medications that
are less lethal when overdoses are attempted).?” We present
results for 4 age groups, but findings might have varied had differ-
ent age categories been examined.® Additional studies could also
examine variations in suicide rates by means over time by other
sociodemographic characteristics (e.g., marital status). Finally,
the most recent data available for analysis at the time of writing
were from 2018 and we were therefore not able to examine the
impact of coronavirus disease 2019 on patterns of suicide in Can-
ada; its potential impact warrants urgent investigation.?s%

Conclusion

The current analysis of suicide deaths from 1981 to 2018 yields
greater understanding of recent and long-term changes in means
of suicide in Canada. Although the suicide rate is lower than it was
in the 1980s, the significant number of Canadians who die by sui-
cide each year and the increasing suffocation suicide rate rein-
forces the importance of suicide prevention as a public health and
safety issue in Canada. Although means restriction might have
partially contributed to declines in the firearm and poisoning sui-
cide rates, and may be feasible for preventing suffocation suicide
deaths within institutions (such as correctional facilities and hos-
pitals), the widespread physical accessibility of means of suffoca-
tion in the community makes restriction a less realistic suicide
prevention strategy for the general population.*® A range of sui-
cide prevention strategies, including those aimed at reducing
cognitive accessibility (e.g., safe messaging and responsible
media guidelines), improving mental health literacy and aware-
ness of mental health supports, and addressing upstream risk and
protective factors may be needed to reverse the worrying trend of
increasing suffocation suicide mortality rates.”
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