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Abstract

Suicide is a serious social problem across the world. In this article we examine
suicide rates in three Western countries over a longer period of time than is
typically considered to determine if extended underlying patterns are dis-
cernable. Since assumptions of traditional time series analyses are likely vi-
olated with such long-term data, we have utilized Hidden Markov probability
models in analyzing yearly suicide data (including birth sex) over a 60-year
period across three countries (Canada, USA, and Great Britain). Apart from
the expected larger numbers of suicides by males across all three countries,
we uncovered two underlying states of 25.39 and 12.61 years duration within
which differing trends for males and females are evident.
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1. Introduction

The World Health Organization (WHO) estimates that more than three-quarters of
a million people worldwide take their own lives yearly [1]. The majority of sui-
cides occur in low and middle income countries, and suicide is the second lead-
ing cause of death worldwide for individuals in the 15 - 29 age range. Previous
studies have indicted suicide outcomes to be related to occupation and levels of
job stress. Milner, Spittal, Pirkis and Lamontagne [2] conducted a meta-analysis
on 34 studies on suicide across occupations and found that the lowest skill oc-

cupations were overall at higher risk of suicide than those working in higher skill
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occupations. Part of the reason for such differences may be due to lower skill
occupations being associated with higher job stress. In support of this conjec-
ture, Milner, Witt, LaMontagne, and Niedhammer [3] meta-analyzed 22 studies
that considered job stressors and suicide and found that lower supervisor and
colleague support (related to higher job stress) were related to higher suicidal
outcomes. At the same time, at particular times in higher social class careers,
suicide rates can be associated with different kinds of stressors and high suicide
rates. An example of the latter can be found in student and resident rates in
medical school [4].

The three countries chosen for inclusion in this study (Canada, The United
States, and Great Britain) were done so for their overlapping histories, common
central language, political and economic traditions, and data accessibility. In the
United Kingdom (Great Britain), the standardized suicide rate (in 2017) was 10
deaths per 100,000 people, with the highest rate among males aged 45 to 49, and
aged 50 to 54 for females. The rate for males was, overall, three times that of fe-
males [5]. At the same time, there has been a decrease in all overall suicide rate
in male suicide. In the UK, there has been a significant decrease in male suicide.
The male suicide rate in the years 2016-2017 was the lowest in over 30 years. In
Scotland the overall suicide rate decreased during 2016-2017 but remained stable
overall in Northern Ireland over the same time period [6].

In Canada, according to the Canadian Association for Suicide Prevention
(CARP) [7],

Males are three times likely to die by suicide than females, with higher rates
prevailing at a consistent trend. Although men are more likely to die by sui-
cide, females are three times more likely to attempt to end their lives. In ad-
dition, women are hospitalized 1.5 times more often than males for suicide
related behaviors. The discrepancy may be due to the fact that females tend
to use less immediately lethal methods. Based on the Canadian Community
Health Survey, 14.7% of Canadians have thoughts about suicide and 3.5%
have attempted suicide in their lifetime. (Assessed May 3, 2019)

The most at-risk Canadian group for suicide is those in the age range 15 - 24.
In this Canadian age group, severe depression and suicidal thoughts were consi-
dered characteristics of suicidal behavior [8].

In the United States, the American Foundation for Suicide Prevention [9] [10]

informs us that suicide is the 10" leading cause of death in that country, with
over 43,000 Americans taking their own lives in the year 2017 alone (assessed
May 3, 2019). In 2017, men died by suicide more than three times the rate for

women.

2. Methodology
2.1. Data Collection

The suicide data were obtained from the OECD database [11].
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Suicide rates are defined as the deaths deliberately initiated and performed
by a person in the full knowledge or expectation of its fatal outcome. Com-
parability of data between countries is affected by a number of reporting
criteria, including how a person’s intention of killing themselves is ascer-
tained, who is responsible for completing the death certificate, whether a
forensic investigation is carried out, and the provisions for confidentiality
of the cause of death. Caution is required therefore in interpreting varia-
tions across countries. The rates have been directly age-standardized to the
2010 OECD population to remove variations arising from differences in age
structures across countries and over time. The original source of the data is
the WHO Mortality Database. This indicator is presented as a total and per
gender and is measured in terms of deaths per 100,000 inhabitants (total),

per 100,000 men and per 100,000 women.

Different kinds of information can be obtained depending on the time frame
considered in the study (daily, weekly, monthly, yearly, decade) and the type and
number of variables used in the study (sex, age, SES, location, weather condi-
tions, etc). While each study can utilize different time units and variables, each
approach can contribute in different ways to an understanding of suicide. In this
study we have chosen to analyze data using yearly total suicides in three West-
ern countries (USA, UK, and Canada) over the time period 1960-2015. The
yearly data was differenced to obtain yearly changes in suicide rates, resulting in
data that is approximately stationary in nature. The birth sex of the suicides was
included as clear patterns of differencing the sexes have been uniformly found
across the world, and consequently, we were interested in determining possible

different underlying trends in suicides by sex.

2.2. Analysis Method

Traditionally, in social research, longitudinal studies have been analyzed using
time series methods (ARMA, ARIMA etc.). The random component that is
driving these models is assumed to have constant distributional properties. This
is not always true. If the data is observed over longer periods of time there are
likely underlying states generating the observed data with differing distributional
properties. In this case it is important that the differing underlying hidden states
are identified. These hidden states would correspond to periods where underly-
ing social, political, or environmental factors have changed. To uncover possible
underlying states Hidden Markov and Autoregressive Hidden Markov models
were fit to the data in this study. The data analyzed was yearly changes rather
than the raw data to obtain some level of stationarity (the distribution is time
independent).

3. Results

3.1. Descriptive Statistics

The mean suicide rates for the six groups (Canada—Male, Female; Great Brit-
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ain—Male, Female; US—Male, Female) over the 60 year period are in Table 1.

The table above indicates that over the long time period under consideration,
the male rate of suicide was three times that of females in both the Canada and
the United States, and over twice the rate in Great Britain.

The graph of the raw data (no differencing) in Figure 1 shows the suicide
rates for the three countries separated according to sex over the sixty-year time
period.

The graph (Figure 1) and table (Table 1) reinforces the expected finding of a
consistent pattern of higher male suicides than female over time in all three
countries. Males in all three countries also show more volatility over time than
females. This graph also indicates when the suicide rates for specific groups are
increasing or decreasing over time.

The graph (Figure 2) shows volatility in the year to year changes in suicide
rates. Without further analysis it is difficult to assess whether the central values
of the yearly changes in suicide rates are nonzero (positive or negative) during
particular periods of time. During positive average changes the suicide rate is
increasing and during negative average changes the rate is decreasing. It will be
noted that the greatest volatility is shown in yearly changes in Canadian males.
However, males in all three countries show greater volitivity in changes in sui-

cide than females.

Table 1. Mean suicide rates birth sex for Canada, Great Britain and the United States.

Canada Great Britain Us
Male Female Male Female Male Female
19.76 6.06 12.06 5.15 21.01 5.79

Suicide Rates

_—
5 __/\/ e A N —

1960 1970 1980 1990 2000 2010 2020

Male-CAN

Female-CAN

Male-GBR Female-GBR

Male-US Female-US

Figure 1. Raw data of suicide rates for birth sex and country over 60 years.

yearly changes Suicide Rates

4 e \/|a]e-CAN Female-CAN = Male-GBR Female-GBR e \/a|e-US Female-US
1960 1970 1980 1990 2000 2010 2020

Figure 2. Yearly changes in suicide rate for sex and country over 60 years.
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3.2. Data Analysis by HMM

The authors initially considered modeling the data with an Autoregressive Hid-
den Markov model (ARHMM). This model allows for autocorrelation between
the observation vectors when the process is in a given state. On the other hand,
the simpler Hidden Markov Model (HMM) assumes that the observation vectors
are independent when the process is in a given state. Once both models have
been fit a test can be carried out to see whether the more advanced Autoregres-
sive Hidden Markov Model is required over the simpler Hidden Markov model
(HMM). The statistical test used is the asymptotic Likelihood Ratio test where
the test statistic is: U =2(In(L,)-In(L,)) which has a chi-square distribution
with v= degrees of freedom = number of parameters of the ARHMM-number of
parameters of the HMM = 42, In(L,) = loglikelihood when fitting ARHMM
and In(L,) = loglikelihood when fitting HMM [12]. When the models were fit
it was found that In(L,) =-123.1061and In(L) =-138.4736.

Thus U= 30.735 for v= 42 degrees of freedom, p-value = 0.900716, indicating
that the ARHMM is not required over the HMM. Consequently, the following
Parameter estimates reported are only for the HMM. In the fitting of the model
two states were identified.

The first thing one notes in Table 2 is that the standard deviations are all large
compared to their respective means, indicating much volatility within each
country and between the sex of the suicide. In both states, positive means of
yearly changes indicate the suicide rate is a random walk that is drifting upwards
(increasing) while negative means indicate suicide rate is a random walk that is
drifting downwards (decreasing). The means of yearly changes close to zero in-
dicate behaviour of a stationary random walk. The above summary of the two
fitted states indicates that when in state one there is a positive mean change for
Canadian males. In other words, when the suicide rate for the three countries is
in state one, the suicide rate for Canadian males is increasing (and for Canadian
females as well, but less so), but decreasing for both males and females in Great
Britain and the United States (note the rates of decrease are greater in Great
Britain than the United States). In the second state, the suicide rate for males in
all three countries is decreasing, with the rate of decrease higher in Canadian
males. The suicide rate changes for females in state two is slight in all three

countries.

Table 2. Summary of state parameters for the fitted HMM.

Can GBR UsS
Male Female Male Female Male Female
Mean 0.203 0.043 -0.079 -0.161 —-0.002 —0.027
State 1
Std Dev 1.170 0.547 0.715 0.392 0.508 0.341
Mean —0.153 0.018 —-0.039 —-0.040 —-0.024 0.018
State 2
Std Dev 0.938 0.265 0.450 0.152 0.440 0.153
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The correlation matrix (and Principle Components) of both states given
(Table 3) provide information on the combined behavior of the suicide rates (and
yearly changes) when the process is in that state. These provide information on
what is happening within the states beyond that explained by the mean/average
changes.

The principal components help us understand complex correlation structures.
The first principal component is a linear combination of the observations that
accounts for the maximum percentage of variance in the observations. When in
state 1, the first principal component indicates 63% of the variability of yearly
suicide changes when in state 1. A plausible interpretation of the loadings is that
during state 1 increases in suicide rates in Great Britain correspond to decreases
in Canada and the US and vice-versa.

When in state 2 (Table 4), the first principal component indicates 46% of the
variability of yearly suicide changes when in state 1. Similar to state 1, interpre-
tation of the loadings is that during state 2 increases in suicide rates in Great

Britain correspond to decreases in Canada and the US and vice-versa.

Table 3. Correlation matrices and principle components for state 1. (a) Correlation ma-

trix; (b) Principle Components.

(a)

Can GBR UsS
Male Female Male Female Male Female
Male 1.000 0.662 —-0.338 —-0.310 0.129 0.032
Can
Female 0.662 1.000 -0.405 -0.395 -0.055 0.419
Male —0.338 —0.405 1.000 0.592 -0.003 -0.103
GBR
Female —-0.310 —-0.395 0.592 1.000 —0.034 -0.139
Male 0.129 —-0.055 —0.003 —-0.034 1.000 0.418
us
Female 0.032 0.419 —-0.103 —-0.139 0.418 1.000
(b)
Principle components
1 2 3 4 5 6
Male —-0.433 0.516 0.241 -0.072 0.021 0.695
Can
Female —0.442 0.220 0.488 —-0.002 —0.402 -0.597
Male 0.403 0.215 0.363 0.810 0.040 0.049
GBR
Female 0.459 0.272 -0.177 —-0.191 —-0.791 0.150
Male -0.311 0.419 -0.732 0.384 —0.005 -0.211
us
Female -0.384 -0.625 -0.072 0.393 —0.459 0.303
eigenvalue 3.775 0.888 0.792 0.369 0.162 0.014
% 62.9% 14.8% 13.2% 6.1% 2.7% 0.2%
cum % 62.9% 77.7% 90.9% 97.1% 99.8% 100.0%
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Table 4. Correlation matrices and principle components for state 2. (a) Correlation ma-
trix; (b) Principle Components.

(a)

Can GBR UsS
Male Female Male Female Male Female
Male 1.000 0.409 0.000 0.030 0.057 -0.175
Can
Female 0.409 1.000 0.057 0.410 -0.024 -0.097
Male 0.000 0.057 1.000 0.583 —0.006 0.036
GBR
Female 0.030 0.410 0.583 1.000 -0.173 0.083
Male 0.057 —-0.024 —-0.006 —-0.173 1.000 0.553
UsS
Female -0.175 -0.097 0.036 0.083 0.553 1.000
(b)
Principle components
1 2 3 4 5 6
Male —-0.351 —-0.603 -0.315 0.205 0.160 0.588
Can
Female —-0.458 —0.460 —-0.128 —-0.272 —-0.101 —0.691
Male 0.446 -0.220 -0.291 -0.676 -0.399 0.229
GBR
Female 0.472 -0.087 -0.513 0.082 0.646 -0.286
Male —-0.248 0.462 -0.731 0.213 —-0.380 —-0.036
Us
Female —0.429 0.394 —0.050 -0.613 0.493 0.200
eigenvalue 2.747 1.310 0.906 0.566 0.288 0.183
% 45.8% 21.8% 15.1% 9.4% 4.8% 3.1%
cum % 45.8% 67.6% 82.7% 92.2% 96.9% 100.0%

State Transition probabilities

These indicate probabilities of staying in the same state which in turn affect
the average length of stay in the state (see Table 5).

In a Hidden Markov Model it is possible to compute the probability of being
in either state 1 or state 2 given the data. The graph (Figure 3) shows the post-

erior probabilities of State 2.

4. Discussion

The goal of this paper was to contribute to providing a long-term perspective
regarding suicide across three Western countries (Canada, Great Britain and the
US). Long term focuses on statistics of suicide tend to report only descriptive
trends over time periods. The sixty-year time period covered in this study was
deemed sufficient to uncover any underlying useful trends in the data. Prelimi-
nary descriptive analysis of the data shows (consistent with other studies) a
higher suicide rate for males than females in all three countries. Our use of Hid-
den Markov Models to examine time trends in suicide rates of males and females

in the 3 countries uncovered 2 long term states underlying the data. In state 1
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Table 5. Transition matrix for state probabilities.

Transition matrix

to State 1 To State 2 Length of stay in State
From State 1 0.921 0.079 12.61 yrs
From State 2 0.039 0.961 25.39 yrs

Posterior Probabilities of State 2
1.20E+00

1.00E+00

8.00E-01
6.00E-01
4.00E-01
2.00E-01

0.00E+00
1960 1970 1980 1990 2000 2010 2020

—spl

Figure 3. State 2 posterior probabilities.

(25.4 year) suicide rates are drifting upwards for Canadian males and females
while drifting downwards for males and females in both Great Britain and the
US. When in state 2 (12.6 years), suicide rates are drifting downwards for all
groups except Canadian and US females. It is unclear to the authors what these
patterns suggest in explanation. Further research could explore the social rea-
sons (perhaps the social policies and economic health of the countries) for these
trends during the two different states, and whether they hold in other countries.
It would also be worth exploring if these underlying trends are found in other
countries.

It may also be useful to point out that Hidden Markov Models, used to un-
cover hidden underlying trends in suicide in this article, may have a wider role
to play in the emerging field of Cliodynamics, which studies historical trends in
order to predict future periods of social and economic stability or instability [13]
[14].
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