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Trends in socioeconomic inequalities in suicide mortality in Barcelona during the

economic crisis (2006-2016)

Abstract

Background: Suicide rates are often considered a measure of a country's emotional
well-being, especially in times of economic crisis, but few studies have analyzed the
socioeconomic inequalities in suicide in that period. This study analyzes the trends of
socioeconomic inequalities in mortality by suicide in Barcelona before and after the start
of the recent economic crisis.

Methods: We conducted a trend study of three time periods: pre-economic crisis (2006-
2008), early crisis (2009-2012) and late crisis (2013-2016). We analyzed the number of
suicides among Barcelona residents in relation to individual variables, and contextual
variables related to the neighborhood of residence. We calculated age-standardized
suicide mortality rates according to the independent variables, and fit Poisson regression
models to obtain the relative risks (RR) for each time period.

Results: During 2006-2008, men with a lower level of education were more likely to
commit suicide than more well-educated men. This difference disappeared after the
onset of the crisis. We found no differences among women. During 2013-2016, suicide
risk increased among men living in neighborhoods with higher unemployment levels and
among women living neighborhoods with a higher proportion of elderly people living
alone.

Conclusions: We observed risks of suicide among men living in neighborhoods of
Barcelona with higher unemployment levels, and women living in neighborhoods with a
higher proportion of elderly people living alone. In addition, inequalities in suicide
mortality according to educational level tended to disappear during the crisis. Thus, it is
important to continue monitoring suicide determinants especially in times of economic

crisis.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 22


http://bmjopen.bmj.com/

Page 3 of 22

oNOYTULT D WN =

BMJ Open

Strengths and limitations
Data were obtained from Barcelona’s Judicial Mortality Registry, which is up-to-date and
prevents underreporting suicide as a cause of death.

The analysis includes socioeconomic variables, both social and material, which prove to
be very useful for suicide surveillance during the economic crisis.

The low number of suicides in Barcelona, especially among women, hindered the
detection of significant associations and stratified analyses.

A change in Barcelona’s territorial divisions in 2009 made it difficult to obtain contextual
data for the time periods studied.
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Introduction

Suicide is a major problem for public health. Suicide rates are often considered as
measure of a country’s emotional well-being(1), especially in times of economic crisis

such as that experienced by western countries since 2008.

Suicide, like other health issues, is conditioned by various social determinants. We have
summarized these determinants in a conceptual framework (Fig. 1), drawing upon
information presented previously by the Commission on Reducing Social Inequalities in
Spain (Comision para Reducir las Desigualdades Sociales en Salud en Espafia)(2).
These determinants can be classified as either structural or intermediary. In terms of
structural determinants, both socioeconomic and political features of a country can
influence suicide mortality rates. As macroeconomic and welfare state policies depend
on the government in power and also on political traditions, austerity measures and
reduced social benefits implemented during an economic crisis tend to increase suicide
rates(3). In addition, social cohesion is known to be a protective factor against suicide,
with previous studies showing that high social trust (as part of social capital)(4,5) and
high electoral participation (voter turnout) are associated with fewer suicides(6,7).
Intermediary determinants, which are very important for suicide risk, can be divided into
material and social resources. Higher rates of suicide are known to occur in areas with
greater levels of unemployment(8) or less social or family support, as measured by the
proportion of people living alone(9). Moreover, mental illness is also a risk factor for
suicide, and is involved in a high percentage of cases(10). As all these determinants
change according to the axes of inequality, they influence suicide in a non-uniform way.
For example particular groups are more affected, such as men(11), both young and old
adults(8,12), and individuals with a poorer socioeconomic position - whether it be in

terms of education, income or occupation(12—-16).

While many studies have analyzed trends in suicide mortality during economic
crises(17), few have examined concurrent trends in socioeconomic inequalities in suicide
mortality during these periods. These latter studies have observed greater suicide
mortality among men of manual social class(18) or with a lower level of education(19).
However, a more recent study conducted in Spain showed that the trend in educational
inequalities in suicide mortality was stable among men before and during the latest
economic recession(20). Thus, further studies are required to investigate the impact of

the economic crisis on social inequalities in suicide mortality are required.
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The objective of our study was to analyze trends in socioeconomic inequalities in suicide
mortality in Barcelona before and after the onset of the recent economic crisis, taking
into account both individual factors and contextual factors such as the deceased’s

neighborhood of residence.

Methods

Design and information sources

We performed a trend study of the period 2006-2016, including all Barcelona residents
aged >25 years. We gathered information from the Judicial Mortality Registry
(maintained by the Catalan Institute of Legal Medicine and Forensic Sciences and
Barcelona’s Municipal Population Census) and the Drug Addiction Information System
maintained by Barcelona Public Health Agency, the city’s Municipal Population Census,

and the Department of Statistics of Barcelona City Council.

Variables and indicators

The dependent variable in our study was suicide mortality: codes X60-X84 of the
International Classification of Diseases (ICD-10).

Individual explanatory variables were: i) level of education (“primary education or lower”
or “secondary education or higher”) as an indicator of individual socioeconomic position,
ii) country of birth (“Spain” or “elsewhere”), iii) neighborhood of residence, and iv) year
of death (“pre-economic crisis” [2006-2008], “early crisis” [2009-2012], or “late crisis”
[2013-2016]). We used gender as a stratification variable and age as an adjustment
variable.

Contextual explanatory variables related to the neighborhood of residence were chosen
based on the conceptual framework (Fig. 1): i) level of unemployment (in terms of the
average annual percentage of individuals enrolled in the Employment Service of
Catalonia) among individuals aged 16-64 years in 2011, ii) the percentage of individuals
aged >65 years who lived alone in 2008, iii) the percentage of individuals who
participated in general elections in 2011, and iv) the index of high-risk drug use in 2015
(a synthetic index that evaluates drug use by combining five indicators: the incidence of
treatment initiation for substance abuse, the incidence of overdose-induced mortality
according to place of residence and place of death, the incidence of drug-related hospital

emergencies, and the incidence of syringes found in the streets).
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Data analysis

All analyses were carried out using STATA 13 program, and were stratified by gender.
First, we directly calculated age-standardized suicide mortality rates (ASMR) according
to gender, level of education, and country of birth, for each time period using the study
population described above.

Second, we calculated age-standardized suicide mortality rates for the neighborhoods
represented in the quartile maps. We calculated the Spearman correlation between
suicide mortality rates and the contextual variables.

Finally, due the hierarchical structure of the data, we conducted a multilevel analysis by
fitting a Poisson regression model with a random neighborhood effect (random constant)
to control for variability between neighborhoods. As we found no significant variability,
we decided to fit Poisson regression models including individual and contextual
neighborhood variables to estimate relative risks (RR) and 95% confidence intervals
(95% CI). Initially, we fit a model containing the individual variables and a term
representing the interaction between educational level and time period. In subsequent
models, we added a different contextual variable together and a term representing the
interaction between this variable and the time period, thereby generating four different
models. We evaluated the model fit using the deviance and likelihood ratio between
nested models. We then estimated trends in the associations for each variable using the

time period as a continuous variable in the model.

Results

Between 2006 and 2016, 1,178 residents of Barcelona aged >25 years committed
suicide. For 996 of these individuals, we were able to retrieve information regarding their
education levels and neighborhoods of residence. In total, 69.6% (n=722) of the study
population were men.

We observed a decrease in the age-standardized suicide mortality rate among men
during the study period (Table 1), while that among women remained stable. In all three
periods the suicide mortality rate was higher among men than women, and among men
born in Spain than among those born elsewhere, although this difference decreased with
time. In terms of education level, the rate of suicide between 2006 and 2008 was higher
among men with a lower level of education. However, in this group of men the rate
decreased in the other time periods, while men with a higher level of education had a

higher rate that was stable over time.
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Among women, the highest suicide rates were observed during the pre-crisis period
(2006-2008) among those born outside of Spain. In this group of women, the rate
decreased in the other time periods, while the rate for women born in Spain was higher.
Regarding level of education, women with a higher level of education had higher suicide
mortality rates in all three periods, and this rate remained stable over time among in this

group, and also in women with a lower level of education.

Our analysis of the distribution of suicide mortality in the various neighborhoods of
Barcelona (Fig. 2) did not reveal any clear pattern for men or women in any of the time
periods.. Table 2 shows the Spearman correlations between suicide mortality rates and
the contextual explanatory variables, and shows that suicide mortality in men is positively
correlated with the index of high-risk drug use, and negatively correlated with voter
turnout. In contrast, suicide mortality among women is positively correlated with voter
turnout, and with the proportion of elderly people living alone. Unemployment was not
significantly correlated with suicide rate in either men or women, although the correlation
in men tended to be opposite to that in women. The distribution in quartiles across the
neighborhoods of Barcelona of average annual percentage of unemployed individuals,
2011; the percentage of people aged >65 years who live alone, 2008; the percentage of
participation in general elections, 2011; and the index of high-risk drug use, 2015 is in

Supplementary Figure 1.

Table 3 summarizes the associations between suicide mortality in men and the individual
and contextual characteristics for the three time periods studied. During the pre-crisis
period, less well-educated men were more likely to commit suicide than those with a
higher level of education (RR=1.46; 95%CI: 1.11-1.91), whereas the level of risk in each
group was similar during the early (RR=0.96; 95%CI: 0.72-1.28) and late (RR=1.04;
95%CI: 0.77-1.40) crisis periods. While men living in areas with high unemployment (3
quartile) had greater risk of suicide during the early crisis (RR=1.56; 95%CI: 1.08-2.25),
those living in areas with the highest unemployment had greater risk during the late crisis
period (RR=1.57; 95%CI: 1.09-2.25). During the pre-crisis period, men living in
neighborhoods in the 4 quartile of voter turnout were less likely to commit suicide
(RR=0.55; 95%CI: 0.40-0.90), as were men living in areas in the 3 quartile during the
late crisis period (RR=0.53; 95%CI: 0.37-0.78). Nonetheless, the greatest risk was
observed during the early crisis period among men living in 2" quartile areas (RR=1.61;
95%Cl: 1.05-2.46), with significant variation in risk over time. In addition, the index of

high-risk drug use was a risk factor during the pre-crisis period among men living in 4t
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quartile neighborhoods (RR=1.53; 95%CI: 1.04-2.24), and in the early crisis period
among those living in 3 quartile neighborhoods (RR=1.66: 95%ClI: 1.16-2.37).

Table 4 summarizes the associations between suicide mortality in women and the
individual and contextual characteristics for the three time periods studied. Regarding
level of education, we found no statistically significant differences in suicide risk for any
of the periods. In contrast unemployment proved to be protective against suicide during
the late crisis among women living in neighborhoods in the 3 quartile of unemployment
(RR=0.48; 95%CI: 0.27-0.84). Finally, women living in neighborhoods with the highest
proportions of elderly people living alone were generally more likely to commit suicide
during the late crisis period (RR=2.13; 95%ClI: 1.15-3.93), although this risk did not vary

significantly over time.

Discussion

In this study, we analyzed trends in socioeconomic inequalities in relation to suicide
mortality in Barcelona. We found that after the onset of the economic crisis, inequalities
in suicide rates according to level of education tended to disappear in men, suicide risk
tended to increase among men living in neighborhoods with higher unemployment.
Among women, we did not find any inequalities in relation to education level, but
observed higher suicide risk in the late crisis period among those living in neighborhoods
with a higher proportion of elderly people living alone.

Several studies have reported an association between suicide mortality and lower
education levels(12—14), but few have evaluated the effect of economic crises. Studies
in the United States(21) and in Asian countries(19) found that inequality according to
level of education remained stable or even increased during economic recession. This
contrasts with our results, in that we found that suicide mortality decreased among men
with a lower level of education and remained stable among men with a higher level of
education. This suggests that the economic crisis in Barcelona has had a greater effect
on men with a socioeconomic advantage, possibly because labor market restructuring
created additional work-related stress and a feeling of job insecurity. In such a scenario,
men with greater responsibilities could experience a more negative response, and a
decline in mental health(22). This notion is supported by the results of a Norwegian
study(23) that found that suicide rates were higher among women with a higher level of

education.
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There is abundant evidence on the association between unemployment levels and
suicide, especially during times of economic crisis(8,24,25). Consistent with this
evidence, we found that, during the early (2009-2012) and late (2013-2016) crisis
periods, men living in areas with higher unemployment were more likely to commit
suicide. In women, we found the opposite, with those living in neighborhoods with high

unemployment being less likely to commit suicide.

It is widely accepted that poor mental health is associated with suicide mortality(10).
During the economic crisis in Spain, men experienced a general deterioration in mental
health(26), especially those from lower socioeconomic classes. We observed general
correlation between suicide and the indicator for substance consumption, although note
that we did not have access to the relevant individual information to properly support this
assertion, so it may be susceptible to ecological fallacy. More specifically, we found that
men living in neighborhoods with problematic drug consumption had higher risk of

suicide (although the statistical significance of this decreased in the late crisis period).

The material and social factors that influence suicide mortality appear to differ between
men and women, which may be because traditional gender roles create more pressure
on men in terms of economic income and unemployment. In contrast, job loss among
women is culturally more accepted since women typically find psychological
compensation in their family role(27). According to studies on masculinity, this could also
be associated with the fact that men are less likely to express their feelings and seek
support in social networks when they need help regarding their mental health(28). In
contrast, increased suicide risk among women is more likely to be due to alterations in
social factors than to alterations in material factors. This is confirmed by a study
conducted in Denmark(29) and by our study, in that we observe greater suicide risk

among women living in neighborhoods where more elderly people live alone.

One of the limitations of our study is low statistical power due to the low number of
suicides in Barcelona, especially among women, which made it impossible to detect
significant associations and to stratify the analyses by other variables such as age. It
was also quite difficult to obtain contextual data for the time periods studied because in
2009 Barcelona underwent a change in its territorial divisions. Nonetheless, we were
able to collect indicators for most determinants that are relevant for social inequalities in

suicide.
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The main strength of our study is that we use data from Barcelona’s Judicial Mortality
Registry, which not only is more up-to-date than the Mortality Registry, but also avoids
underreporting suicide as a cause of death(30). Furthermore, this registry allows us to
analyze social inequalities because it includes socioeconomic variables (education level,
country of birth, and neighborhood of residence), and thus proves very useful for suicide
surveillance during the economic crisis. Similarly, while most previous studies only
analyzed variables related to material deprivation in suicide mortality, we evaluated both

social and material contextual indicators.

In conclusion, we have shown that education level inequalities in suicide mortality among
men tended to disappear during the crisis, although men living in neighborhoods with
higher unemployment levels were still more likely to commit suicide. In contrast, we found
no association between suicide and education level in women, but women living in
neighborhoods with a higher number of elderly people living alone were more likely to
commit suicide. Future studies should analyze the socioeconomic inequalities of suicide
and further explore the causes of gender differences in suicide. Since suicide is the
endpoint of a process that can be treated previously at the population level, it is also
important to continue monitoring its social determinants, especially during periods of
economic crisis. This could be accomplished by establishing alliances with health centers
that deal with cases of attempted suicide. In this way, we could gain further insight into
the phenomenon, and develop better strategies to improve the living conditions of people

and preventing unnecessary deaths.
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Figure 1
Conceptual framework of the determinants of inequalities in suicide. This figure has

been adapted from the conceptual framework of the determinants of health inequalities

oNOYTULT D WN =

developed by the Commission on Reducing Social Inequalities in Spain (Comision para

Reducir las Desigualdades Sociales en Salud en Espana).

14 Figure 2

16 Distribution in quartiles of age-standardized mortality rates in men during the periods
17 (a) 2006-2008 (b) 2009-2012 (c) 2013-2016, and in women during the periods (d)

19 2006-2008 (e) 2009-2012 (f) 2013-2016.
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Age-standardized suicide mortality rates (ASMR)* stratified by gender, country of birth, and level of educati
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. Barcelona, 2006-2016.

2006 - 2008 2009 - 2012 013 - 2016
n Population ~ ASMR (95%Cl) n Population  ASMR (95%Cl) Population ASMR (95%Cl)
Men
Total 221 1,762,191  13.87 (12.04-15.90) 225 2,379,238  9.89 (8.62-11.29) 242 2,350,383 10.59 (9.28-12.02)
Country of birth  Spain 199 1,402,158  14.73 (12.71-16.98) 201 1,815,824  11.01(9.53-12.66) 04 1,771,794 11.26 (9.75-12.94)
Elsewhere 22 360,033 6.14 (3.00-13.65) 24 563,414 7.26 (3.07-14.62) 38 578,589  8.71 (4.39-15.53)
A of Primary or g5 533 198 16.69 (13.34-20.63) 69 659,573 8.95(6.84-11.52) H3 500,705  9.34 (6.89-12.43)
education lower
Sfﬁ%“hi?ry 125 1,228,993  11.71(9.51-14.28) 156 1,719,665  9.43 (7.9-11.19) 79 1,849,678 10.09 (8.55-11.84)
Women
Total 86 2,026,864  4.20 (3.36-5.19) 100 2,733,362  3.61 (2.94-4.4) 122 2,720,035 4.22 (3.49-5.04)
Country of birth  Spain 73 1,683,270  4.16 (3.24-5.25) 97 2,171,574  4.41(3.55-5.41) 2,102,161 4.78 (3.90-5.80)
Elsewhere 13 343,594 6.57 (2.7-13.14) 3 561,788 0.46 (0.09-2.52) 617,874  2.04 (0.64-4.88)
Level | of Primary —or 55 753 70 3.74 (2.24-5.87) 33 908,527 2.99 (1.79-4.70) 2 733,161  3.85(2.14-6.40)
education lower
ifﬁf;”rﬁry 54 1,273,794  4.47 (3.28-5.98) 67 1,824,835  3.76 (2.87-4.85) 0 1,986,874 4.27 (3.34-5.39)

*Rate per 100,000 inhabitants
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Table 2

Spearman correlations between suicide mortality and the contextual variables during the three time periods.

BMJ Open

ASMR 2006- ASMR 2009- ASMR 2013-

2008 2012 2016
Men
% unemployment, 2011 0.01 0.1 0.22
% elderly people living alone, 2008 0.10 0.02 0.12
% voter turnout, 2011 -0.20 0.02 -0,28*
Index of high-risk drug use, 2015 0.13 0.02 0,25*
Women
% unemployment, 2011 -0.12 -0.12 -0.19
% elderly people living alone, 2008 0,26* 0.16 0,39*
% voter turnout, 2011 0.19 0.02 0,23*
Index of high-risk drug use, 2015 -0.17 -0.04 -0.14

* Significant correlation, p<0.05

ASMR = Age-standardized suicide mortality rates
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Table 3
Association between suicide mortality among men and individual and contextual factors for each time periods Barcelona, 2006-2016.
Model 1 Model 2 Model 3 Model 4 Model 5 p
RR RR RR RR RR interaction
Men P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P22 P3 P1 P2 P3
Level Primary or 1.46* 096 1.04 146 089 097 1.46* 095 1.05 1.33" O.QJ“'F\?: 097 1.36* 0.92 0.98
of education lower ©
Secpndary 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.0@; 1.00 1.00 1.00 1.00 0.081
or higher =1 '
% Q1 (least) 1.00 1.00 1.00 8
Unemployment 097 141 1.16 8 0212
Q3 0.86 1.56* 1.03 g
Q4 (most) 1.04 136 1.57* Z
% Elderly Q1 (least) 1.00 1.00 1.00 =
living alone Q2 110 094 095 e 0.749
Q3 092 085 094 8
Q4 (most) 130 088 1.22 3
% Voter turnout Q1 (least) 1.00 1.o§ 1.00
Q2 0.72 1.65 0.95 0.013
Q3 0.60 1.1% 0.53*
Q4 (most) 0.55* 1.1g; 0.78
Drug use index Q71 (least) g 1.00 1.00 1.00
Q2 = 108 1.08 1.03 0192
Q3 § 1.03  1.66* 1.29
Q4 (most) 3 153 1.02 1.37
Deviance 3,412.89 3,398.70 3,404.99 3,385.90 ;9 3,394.63
p value 0.116 0.5448 0.0014 g 0.0323
@

o
RR = relative risk; * p<0.05; P 1= pre-crisis period (2006-2008); P 2= early crisis period (2009-2012); P 3= late crisis p&riod (2013-2016)
RR for each variable in each time period was obtained from the combined effect of the variable coefficients and the int%action between the variable and the period.
<

46U
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2 i
4 Table 4 %
Z Association between suicide mortality among women and individual and contextual factors for each time pefod. Barcelona, 2006-2016.
- Model 1 Model 2 Model 3 Model 4 & Model 5 p
8 P4 interaction
9 RR RR RR RR © RR
10 Women P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P28 P3 P1 P2 P3
11 Level Primary or  0.71 070 098 0.78 0.73 1.07 0.71 071 1.02 0.74 0.6%° 103 070 068 0.99
12 of education lower &
13 Secondary  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.003 1.00 1.00 1.00 1.00 0.407
14 or higher s '
15 % Q1 (least) 1.00 1.00 1.00 ]
16 Unemployment ~p 085 1.01 0.81 =
17 3 0.809
18 Q3 0.74 0.67 0.48* =
19 Q4 (most) 066 1.06 0.88 2
20 % Elderly Q1 (least) 1.00 1.00 1.00 3
2! living alone 5 161 102 1.36 =
22 3 0.374
23 Q3 146 119 1.85 5 '
24 Q4 (most) 1.14 1.04 213" Ta'
;2 % Voter turnout Q1 (least) 1.00 1.0 1.00
Q2 1.20 0.742 1.05
27 >
28 Q3 120 0.8%5 1.17 0.927
29 Q4 (most) 134 080, 1.32
g? Drug use index Q1 (least) S 100 1.00 1.00
32 Q2 g 1.09 0.82 1.00
33 Q3 2 114 075 o082 079
gfj‘ Q4 (most) a 1.09 135 093
36 Deviance 1,899.06 1,886.99 1,887.73 1,896.30 = 1,894.52
37 p value 0.210 0.254 0.973 E 0.873
38 RR = relative risk; * p<0.05; P 1= pre-crisis period (2006-2008); P 2= early crisis period (2009-2012); P 3= late crisis pgriod (2013-2016)
ig RR for each variable in each time period was obtained from the combined effect of the variable coefficients and the intgaction between the variable and the period.
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Supplementary Figure 1

Distribution in quartiles across the neighborhoods of Barcelona of: (a) average annual
percentage of unemployed individuals, 2011; (b) the percentage of people aged >65
years who live alone, 2008; (c) the percentage of participation in general elections, 2011;
and (d) the index of high-risk drug use, 2015.

(a) Average annual percentage of unemployed individuals, Barcelona 2011 (b) Percentage of people aged >65 years who live alone, Barcelona 2008

Average annual percentage Percentage
[4.2916667,8.708233) 6.6.9.2000002
(8.708333,9.6999998] {9 2000002,10 ]71
(9.6999998,10.9] (10.7.11.7]
(10.9,12.283334] (11.7.132)
(12.283334,17.9) (13.2.17.5)

(c) Percentage of participation in general elections, Barcelona 2011 (d) Index of high-risk drug use, Barcelona 2015.

Percentage
[42.6,59.599998]
(59.599998,66.800002]
(66.800002,68.699997]
(68.699997,71]

(71.80]

Index

[-1.16.0.84)
(0.84,0.68]
(-0.68,0.20]
(0.20,0.26]

(0.26,14.39)
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Trends in socioeconomic inequalities in suicide mortality in Barcelona during the

economic crisis (2006-2016)

Abstract

Background: Suicide rates are often considered a measure of a country's emotional
well-being, especially in times of economic crisis, but few studies have analysed
socioeconomic inequalities in suicide during these periods. This study aimed to analyse
trends in socioeconomic inequalities in suicide mortality in Barcelona before and after
the start of the economic crisis that started at the end of 2008, including both individual
factors and contextual factors of the deceased’s neighbourhood of residence.

Methods: We conducted a trend study of three time periods: pre-economic crisis (2006-
2008), early crisis (2009-2012) and late crisis (2013-2016). We analysed the number of
suicides among Barcelona residents in relation to individual variables and contextual
variables related to the neighbourhood of residence. We calculated age-standardised
suicide mortality rates according to independent variables and fitted Poisson regression
models to obtain the relative risks (RR) for each time period.

Results: From 2006 to 2008, men with a lower educational level were more likely to
commit suicide than better educated men. This difference disappeared after the onset of
the crisis. We found no differences among women. From 2013 to 2016, suicide risk
increased among men living in neighbourhoods with higher unemployment levels and
among women living neighbourhoods with a higher proportion of elderly people living
alone.

Conclusions: We observed risks for suicide among men living in neighbourhoods of
Barcelona with higher unemployment levels, and women living in neighbourhoods with
a higher proportion of elderly people living alone. Inequalities in suicide mortality
according to educational level tended to disappear during the crisis among men. Thus,
it is important to continue to monitor suicide determinants especially in times of economic

crisis.
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Strengths and limitations of this study
= Data were obtained from the Judicial Mortality Registry of Barcelona, which is up-
to-date and prevents underreporting of suicide as a cause of death.

= The analysis includes socioeconomic variables, both social and material, which
proved to be very useful for suicide surveillance during the economic crisis.

= The low number of suicides in Barcelona, especially among women, hindered
detection of significant associations and stratified analyses.

= A change in Barcelona’s territorial divisions in 2009 hampered collection of
contextual data for the time periods studied.
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INTRODUCTION

Suicide is a major problem for public health. Suicide rates are often considered
as a measure of a country’s emotional well-being,(1) especially in times of economic

crisis such as that experienced by western countries since 2008.

Like other health issues, suicide is influenced by various social determinants. We
have summarised these determinants in a conceptual framework (figure 1), drawing on
information previously presented by the Commission on Reducing Social Inequalities in
Spain (Comision para Reducir las Desigualdades Sociales en Salud en Espafia).(2)
These determinants can be classified as either structural or intermediary. In terms of
structural determinants, both the socioeconomic and political features of a country can
influence suicide mortality rates. Because macroeconomic and welfare state policies
depend on the government in power, as well as on political traditions, austerity measures
and reduced social benefits implemented during an economic crisis tend to increase
suicide rates.(3) In addition, social cohesion is known to be a protective factor against
suicide, with previous studies showing that high social trust (as part of social capital)(4,5)
and high electoral participation (voter turnout) are associated with fewer suicides.(6,7)
Intermediary determinants, which are very important for suicide risk, can be divided into
material and social resources. Higher suicide rates are known to occur in areas with
greater unemployment(8) or less social or family support, as measured by the proportion
of people living alone.(9) Moreover, mental illness is also a risk factor for suicide and is
involved in a high percentage of cases.(10) Because all these determinants change
according to axes of inequality, they influence suicide in a non-uniform manner. For
example, particular groups are more affected, such as men,(11) both young and old
adults(8,12), and individuals with a poorer socioeconomic position - whether it be in

terms of education, income or occupation.(12—-16)

While many studies have analysed trends in suicide mortality during economic
crises,(17) few have examined concurrent trends in socioeconomic inequalities in suicide
mortality during these periods. These latter studies have observed greater suicide
mortality among men from a manual social class(18) or with a lower level of
education.(19) However, a more recent study conducted in Spain showed that the trend
in educational inequalities in suicide mortality was stable among men before and during
the latest economic recession.(20) Thus, further studies are required to investigate the

impact of the economic crisis on social inequalities in suicide mortality, using updated
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data after the economic crisis by gender and taking into account many aspects presented

in our conceptual framework.

The objective of our study was to analyse trends in socioeconomic inequalities in
suicide mortality in Barcelona before and after the onset of the recent economic crisis,
including both individual and contextual factors of the deceased’s neighbourhood of

residence.

METHODS

Design and information sources

We performed a trend study of the period 2006 to 2016, including all Barcelona
residents aged >25 years. We gathered information from the Judicial Mortality Registry
(maintained by the Catalan Institute of Legal Medicine and Forensic Sciences and the
Municipal Population Census of Barcelona) and the Drug Addiction Information System
maintained by Barcelona Public Health Agency, the city’s Municipal Population Census,

and the Department of Statistics of Barcelona City Council.

Variables and indicators

The dependent variable was suicide mortality: codes X60-X84 of the International
Classification of Diseases (ICD-10).

Individual explanatory variables were: i) educational level (“primary education or
lower” or “secondary education or higher”) as an indicator of individual socioeconomic
position, ii) country of birth (“Spain” or “elsewhere”), iii) neighbourhood of residence, and
iv) year of death (“pre-economic crisis” [2006-2008], “early crisis” [2009-2012], or “late
crisis” [2013-2016]). We used gender as a stratification variable and age as an
adjustment variable.

Contextual explanatory variables related to the neighbourhood of residence were
chosen based on the conceptual framework (figure 1): i) level of unemployment (in terms
of the average annual percentage of individuals enrolled in the Employment Service of
Catalonia) among individuals aged 16 to 64 years in 2011, ii) the percentage of
individuals aged >65 years who lived alone in 2008, iii) the percentage of individuals who
participated in general elections in 2011, and iv) the index of high-risk drug use in 2015
(a synthetic index that evaluates drug use by combining five indicators: the incidence of
treatment initiation for substance abuse, the incidence of overdose-induced mortality
according to place of residence and place of death, the incidence of drug-related hospital

emergencies, and the incidence of syringes found in the streets).
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Patient and public involvement

This study analysed the Judicial Mortality Registry database. Therefore, we did
not inform participants of the research question, outcome measures, or results. No
participants were involved in the study, including it design, recruitment or conduct. There

was no patient adviser for the contributors’ statement.

Data analysis

All analyses were carried out using the STATA 13 programme, and were stratified
by gender.

First, we directly calculated age-standardised suicide mortality rates (ASMR)
according to gender, educational level, and country of birth, for each time period using
the study population described above. And we conducted Poisson regression models
adjusted for age using the variable period in continuous to estimate trends across time.

Second, we calculated age-standardised suicide mortality rates for the
neighbourhoods represented in the quartiie maps. We calculated the Spearman
correlation between suicide mortality rates and the contextual variables.

Finally, due to the hierarchical structure of the data, we conducted a multilevel
analysis by fitting a Poisson regression model with a random neighbourhood effect
(random constant) to control for variability between neighbourhoods. As we found no
significant variability, we decided to fit Poisson regression models including individual
and contextual neighbourhood variables to estimate relative risks (RR) of suicide
mortality and 95% confidence intervals (95% CI). Initially, we fitted a model (Model 1)
containing the individual variables and a term representing the interaction between
educational level and time period. In subsequent models, we added a different contextual
variable and a term representing the interaction between this variable and the time
period, thereby generating four different models (Model 2: % Unemployment; Model 3 %
Elderly living alone; Model 4: % Voter turnout; Model 5: Drug use index). We evaluated
the model fit by using the deviance and likelihood ratio between nested models (p value).
We then estimated the interaction of contextual explanatory variables and time periods
for each variable using the time period as a categorical variable in the model (presenting

the p value of the interaction).
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RESULTS

Between 2006 and 2016, 1,178 residents of Barcelona aged >25 years
committed suicide. In 996 of these individuals, we were able to retrieve information
regarding their educational levels and neighbourhoods of residence through the Judicial
Mortality Registry. These individuals formed the final study sample and constituted the
target population for the statistical analyses. In total, 69.1% (n=688) of the study
population were men.

The age-standardised suicide mortality rate decreased among men (p value=
0.022) during the study period (table 1), while rates among women remained stable. In
all three periods, the suicide mortality rate was higher among men than women. Suicide
mortality rate was higher among men born in Spain compare to those born elsewhere.
This difference decreased with time because rates among men born outside of Spain
increased during the last period of the study (p value= 0.019). By educational level, the
rate of suicide between 2006 and 2008 was higher among men with a lower level of
education. However, in this group of men, the rate decreased in the other time periods
(p value=: 0.002), while men with a higher educational level had stable rate over time.

Among women, suicide rates were highest during the pre-crisis period (2006-
2008) among those born outside Spain, but the number of suicides was very low in this
group. In this group of women, the rate decreased in the other time periods (p value =
0.025), while the rate was higher for women born in Spain. By educational level, women
with a higher level of education had higher suicide mortality rates in all three periods,
and this rate remained stable over time among in this group, as well as in women with a
lower level of education.

Analysis of the distribution of suicide mortality in the various neighbourhoods of
Barcelona (figure 2) revealed no clear patterns for men or women in any of the time
periods. Table 2 shows the Spearman correlations between suicide mortality rates and
the contextual explanatory variables, and shows that suicide mortality in men was
positively correlated with the index of high-risk drug use, and negatively correlated with
voter turnout. In contrast, suicide mortality among women was positively correlated with
voter turnout, and with the proportion of elderly people living alone. Unemployment was
not significantly correlated with the suicide rate in either men or women, although the
correlation in men tended to be opposite to that in women. Supplementary figure 1 shows
the distribution in quartiles across the neighbourhoods of Barcelona of average annual
percentage of unemployed individuals for 2011, the percentage of people aged >65
years living alone in 2008, the percentage of participation in the general election in 2011,

and the index of high-risk drug use in 2015.
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Table 3 summarises the associations between suicide mortality in men and the
individual and contextual characteristics for the three time periods studied. During the
pre-crisis period, less well-educated men were more likely to commit suicide than those
with a higher level of education (RR=1.46; 95%CI: 1.11-1.91), whereas the level of risk
in each group was similar during the early (RR=0.96; 95%CI: 0.72-1.28) and late
(RR=1.04; 95%CI: 0.77-1.40) crisis periods. While men living in areas with high
unemployment (3 quartile) had greater risk of suicide during the early crisis (RR=1.56;
95%CI: 1.08-2.25), those living in areas with the highest unemployment had greater risk
during the late crisis period (RR=1.57; 95%CI: 1.09-2.25). During the pre-crisis period,
men living in neighbourhoods in the 4t quartile of voter turnout were less likely to commit
suicide (RR=0.55; 95%CI: 0.40-0.90), as were men living in areas in the 3 quartile
during the late crisis period (RR=0.53; 95%CI: 0.37-0.78). Nonetheless, the highest risk
was observed during the early crisis period among men living in 2" quartile areas
(RR=1.61; 95%ClI: 1.05-2.46), with significant variation in risk over time. In addition, the
index of high-risk drug use was a risk factor during the pre-crisis period among men living
in 4t quartile neighbourhoods (RR=1.53; 95%CI: 1.04-2.24), and in the early crisis period
among those living in 3 quartile neighbourhoods (RR=1.66: 95%Cl: 1.16-2.37).

Table 4 summarises the associations between suicide mortality in women and the
individual and contextual characteristics for the three time periods studied. Educational
level showed no statistically significant differences in suicide risk for any of the periods.
In contrast, unemployment proved to be protective against suicide during the late crisis
among women living in neighbourhoods in the 3 quartile of unemployment (RR=0.48;
95%CI: 0.27-0.84). Finally, women living in neighbourhoods with the highest proportions
of elderly people living alone were generally more likely to commit suicide during the late
crisis period (RR=2.13; 95%CI: 1.15-3.93), although this risk did not vary significantly

over time.

DISCUSSION

In this study, we analysed trends in socioeconomic inequalities in suicide
mortality in Barcelona. We found that after the onset of the economic crisis, inequalities
in suicide rates by educational level of education tended to disappear in men, while
suicide risk tended to increase among men living in neighbourhoods with higher
unemployment. Among women, we found no inequalities by educational level, but
observed higher suicide risk in the late crisis period among those living in

neighbourhoods with a higher proportion of elderly people living alone.
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Several studies have reported an association between suicide mortality and lower
educational levels,(12—-14) but few have evaluated the late effect of economic crises.
Studies in the United States(21) and Asian countries(19) found that inequality by
educational level remained stable or even increased during economic recession. This
contrasts with our results, in that we found that suicide mortality decreased among men
with a lower educational level and remained stable among men with a higher level of
education. This suggests that the economic crisis in Barcelona has had a greater effect
on men with a socioeconomic advantage, possibly because labour market restructuring
created additional work-related stress and a feeling of job insecurity. In such a scenario,
men with greater responsibilities could experience a more negative response, and a
decline in mental health.(22) This notion is supported by the results of a Norwegian
study(23) reporting that suicide rates were higher among women with a higher level of

education.

There is abundant evidence on the association between unemployment levels
and suicide, especially during times of economic crisis.(8,24,25) Consistent with this
evidence, we found that during the early (2009-2012) and late (2013-2016) crisis periods
men living in areas with higher unemployment were more likely to commit suicide. In
women, we found the opposite, with those living in neighbourhoods with high

unemployment being less likely to commit suicide.

It is widely accepted that poor mental health is associated with suicide
mortality.(10) During the economic crisis in Spain, men experienced a general
deterioration in mental health,(26) especially those from lower socioeconomic classes.
We observed a general correlation between suicide and the indicator for substance
consumption, although we did not have access to the relevant individual information to
properly support this assertion, so it may be susceptible to ecological fallacy. More
specifically, we found that men living in neighbourhoods with problematic drug
consumption had a higher risk of suicide (although the statistical significance of this

factor decreased in the late crisis period).

The material and social factors that influence suicide mortality appear to differ
between men and women, which may be because traditional gender roles create more
pressure on men in terms of income and unemployment. In contrast, job loss among
women is culturally more accepted since women typically find psychological
compensation in their family role.(27) According to studies on masculinity, this could also

be associated with the fact that men are less likely to express their feelings and seek
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support in social networks when they need help concerning their mental health.(28) In
contrast, the increased risk of suicide among women may be likely due to alterations in
social factors than to alterations in material factors. This is similar to a study conducted
in Denmark(29) and in our study, in that we observed a higher suicide risk among women

living in neighborhoods with more elderly people living alone.

One of the limitations of our study is its low statistical power due to the small
number of suicides in Barcelona, especially among women, which made it impossible to
detect significant associations and to stratify the analyses by other variables such as
age. It was also fairly difficult to obtain contextual data for the time periods studied
because Barcelona underwent a change in its territorial divisions in 2009. Nonetheless,
we were able to collect indicators for most determinants that are relevant for social

inequalities in suicide.

The main strength of our study is that this study offers a conceptual framework
that presents the social determinants most commonly related to suicide. It also offers an
analysis by gender, which is relevant taking into account the difference in the risk factors
for each gender. On the other hand, we used data from the Judicial Mortality Registry of
Barcelona, which is not only more up-to-date than the Mortality Registry, but also avoids
underreporting suicide as a cause of death.(30). Furthermore, this registry allowed us to
analyse social inequalities because it includes socioeconomic variables (educational
level, country of birth, and neighbourhood of residence), and was thus very useful for
suicide surveillance during the economic crisis. Likewise, the records to obtain the
contextual variables have a tradition of being of good quality and provide information at
a small area level, which is not always available for this type of study. Similarly, while
most previous studies only analysed variables related to material deprivation in suicide

mortality, we evaluated both social and material contextual indicators.

Another strength is that this study provides a conceptual framework that concisely
presents the social determinants most commonly related to suicide. It also provides an
analysis by gender, which is relevant when considering the differences in the risk factors

for each gender.

In conclusion, we have shown that inequalities in suicide mortality by educational
level among men tended to disappear during the crisis, although men living in
neighbourhoods with higher unemployment may be more likely to commit suicide. In

contrast, we found no association between suicide and educational level in women, but
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suicide might be more likely in women living in neighbourhoods with a higher number of
elderly people living alone. Future studies should analyse the socioeconomic inequalities
of suicide and further explore the causes of gender differences in this phenomenon.
Since suicide is the endpoint of a process that can be treated previously at the population
level, it is also important to continue monitoring its social determinants, especially during
periods of economic crisis. This could be accomplished by establishing alliances with
health centres that deal with cases of attempted suicide. In this way, we could gain further
insight into the phenomenon, and develop better strategies to improve the living

conditions of people and prevent unnecessary deaths.
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Figure 1

Conceptual framework of the determinants of inequalities in suicide. This figure was
adapted from the conceptual framework of the determinants of health inequalities
developed by the Commission on Reducing Social Inequalities in Spain (Comisién para

Reducir las Desiguald ades Sociales en Salud en Espana). (2)

Figure 2

Distribution in quartiles of age-standardised mortality rates in men during the periods
(a) 2006-2008 (b) 2009-2012 (c) 2013-2016, and in women during the periods (d)
2006-2008 (e) 2009-2012 (f) 2013-2016.
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6 Age-standardised suicide mortality rates (ASMR)* stratified by gender, country of birth, and educational Ieveﬂm Barcelona, 2006-2016
7 >
?O 2006 - 2008 2009 - 2012 201352016
o
11 n  Population ASMR (95%Cl) n  Populaton ASMR (95%Cl) n Population ASMR (95%Cl) P value
12 Men g
13
Total 221 1,762,191 13.87 (12.04-15.90) 225 2,379,238 9.89 (8.62-11.29) 242 2,350,383 10.59 (9.28-12.02) 0.022
14
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16 birth Elsewhere 22 360,033 6.14 (3.00-13.65) 24 563,414 7.26 (3.07-14.62) 38 578,589 8.71 (4.39-15.53) 0.019
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18 education Secondary or higher 125 1,228 993 11.71 (9.51-14.28) 156 1,719,665 9.43 (7.9-11.19) 179 #,849,678 10.09 (8.55-11.84) 0.577
19 Women g
20 g
21 Total 86 2,026,864 4.20 (3.36-5.19) 100 2,733,362 3.61(2.94-4.40) 122 %,720,035 4.22 (3.49-5.04) 0.665
2 Country of Spain 73 1,683,270 4.16 (3.24-5.25) 97 2,171,574 4.41(3.55-541) 113 2,102,161 4.78 (3.90-5.80)  0.168
23 birth Elsewhere 13 343,594  6.57 (2.7-13.14) 3 561,788 0.46(0.09-252) 9 $17,874 2.04(0.64-4.88) 0.025
24 Level of Primary or lower 32 753,070 3.74 (2.24-5.87) 33 908,527 2.99 (1.79-4.70) 42 -733,161 3.85 (2.14-6.40) 0.333
25 education  Secondary or higher 54 1,273,794 4.47 (3.28-5.98) 67 1,824,835 3.76 (2.87-4.85) 80 9,986,874 4.27(3.34-5.39) 0.661
26 g
27 1
28 *Rate per 100,000 inhabitants =
29 ©
N
2(1) P value= to compare age-standardised suicide mortality rates trends §
32 g
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34 &
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Table 2

Spearman correlations between suicide mortality and the contextual variables during the three time periods.

BMJ Open

ASMR 2006- ASMR 2009- ASMR 2013-

2008 2012 2016
Men
% unemployment, 2011 0.01 0.1 0.22
% elderly people living alone, 2008 0.10 0.02 0.12
% voter turnout, 2011 -0.20 0.02 -0.28*
Index of high-risk drug use, 2015 0.13 0.02 0.25*
Women
% unemployment, 2011 -0.12 -0.12 -0.19
% elderly people living alone, 2008 0.26* 0.16 0.39*
% voter turnout, 2011 0.19 0.02 0.23*
Index of high-risk drug use, 2015 -0.17 -0.04 -0.14

* Significant correlation, p<0.05

ASMR = Age-standardised suicide mortality rates
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Z Association between suicide mortality among men and individual and contextual factors for each time period Barcelona, 2006-2016
- Model 1 Model 2 Model 3 Model 4 > Model 5 p
8 RR RR RR RR g RR interaction
9 Men P1 P2 P3 P 1 P2 P3 P1 P2 P3 P1 P22 P3 P 1 P2 P3
10 Level Primary or 1.46* 096 1.04 146* 089 097 146* 095 105 133 098 097 1.36* 092 098
11 of education lower ©
12 Secondary 1.00 1.00 1.00 100 100 100 100 100 100 100 10& 100 1.00 1.00 1.00
13 : = 0.081
or higher 3
14 % Q1 (least) 100 1.00 1.00 8
12 Unemployment 097 141 1.16 8 0212
17 Q3 0.86 1.56* 1.03 S
18 Q4 (most) 1.04 136 1.57* ;%’T
;g % Elderly Q1 (least) 1.00 1.00 1.00 =
i living alone Q2 110 094 095 H 0.749
22 Q3 092 085 0.94 g
;j Q4 (most) 130 088 1.22 E]
25 % Voter turnout Q1 (least) 1.00 1.0@ 1.00
26 Q2 0.72 1.6§* 0.95 0.013
27 Q3 060 113 0.53"
;g Q4 (most) 0.55* 11E 0.78
30 Drug use index Q71 (least) 5 1.00 1.00 1.00
31 Q2 g 1.08 1.08 1.03 0.192
gg Q3 s 103 166 1.29
34 Q4 (most) 2 1.53* 1.02 1.37
35 Deviance 3,412.89 3,398.70 3,404.99 3,385.90 g 3,394.63
36 p value 0.116 0.5448 0.0014 @ 0.0323
37 5]
38 RR = relative risk; * p<0.05; P 1= pre-crisis period (2006-2008); P 2= early crisis period (2009-2012); P 3= late crisis geriod (2013-2016)
39 RR for each variable in each time period was obtained from the combined effect of the variable coefficients and the n‘g‘eractlon between the variable and the period.
40 p value= likelihood ratio test to compare models with and without contextual explanatory variables
41 p interaction= likelihood ratio test to compare models with and without the interaction of contextual explanatory variabfes and time period variable
42 All models were adjusted by Age and Country of birth. Model 1: Level of education, Model 2: Level Education and % &employment, Model 3: Level Education and %
43 Elderly living alone, Model 4: Level Education and % Voter turnout, Model 5: Level Education and Drug use index
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Association between suicide mortality among women and individual and contextual factors for each time pefod. Barcelona, 2006-2016
Model 1 Model 2 Model 3 Model 4 & Model 5 p
P4 interaction
RR RR RR RR © RR
Women P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P28 P3 P1 P2 P3
Level Primary or  0.71 070 098 0.78 073 107 071 071 1.02 074 069 1.03 0.70 0.68 0.99
of education lower <
Secondary 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.008 1.00 1.00 1.00 1.00
. =} 0.407
or higher 2
% Q1 (least) 1.00 1.00 1.00 ]
Unemployment ) 085 1.01 0.81 3
0.809
Q3 0.74 0.67 0.48* =
Q4 (most) 066 1.06 0.88 2
% Elderly Q1 (least) 1.00 1.00 1.00 E]
living alone Q2 161 1.02 136 =
S 0.374
Q3 146 1.19 1.85 % '
Q4 (most) 114 1.04 2.13* B
% Voter turnout Q1 (least) 1.00 1.002 1.00
Q2 1.20 0.74:(3> 1.05
Q3 120 08X 1.17 0.927
Q4 (most) 134  0.807 1.32
Drug use index Q1 (least) § 1.00 1.00 1.00
Q2 g 1.09 0.82 1.00
Q3 2 114 075 o082 079
Q4 (most) al 1.09 1.35 0.93
Deviance 1,899.06 1,886.99 1,887.73 1,896.30 = 1,894.52
p value 0.210 0.254 0.973 E 0.873

RR = relative risk; * p<0.05; P 1= pre-crisis period (2006-2008); P 2= early crisis period (2009-2012); P 3= late cr|S|s~:Eer|od (2013-2016)
RR for each variable in each time period was obtained from the combined effect of the variable coefficients and the |Meract|on between the variable and the period.
p value= likelihood ratio test to compare models with and without contextual explanatory variables
p interaction= likelihood ratio test to compare models with and without the interaction of contextual explanatory varlab%s and time period variable
All models were adjusted by Age and Country of birth. Model 1: Level of education, Model 2: Level Education and % Unemployment Model 3: Level Education and %
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25 Figure 1: Conceptual framework of the determinants of inequalities in suicide. This figure was adapted from
26 the conceptual framework of the determinants of health inequalities developed by the Commission on
27 Reducing Social Inequalities in Spain (Comision para Reducir las Desiguald ades Sociales en Salud en
Espafia). (2)
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a) Suicide Rates in Men Barcelona, 2006-2008 b) Suicide Rates in Men Barcelona, 2009-2012 c) Suicide Rates in Men Barcelona, 2013-2016

Figure 2: Distribution in quartiles of age-standardised mortality rates in men during the periods (a) 2006-
2008 (b) 2009-2012 (c) 2013-2016, and in women during the periods (d) 2006-2008 (e) 2009-2012 (f)
2013-2016.
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Supplementary Figure 1

Distribution in quartiles across the neighborhoods of Barcelona of: (a) average annual
percentage of unemployed individuals, 2011; (b) the percentage of people aged >65
years who live alone, 2008; (c) the percentage of participation in general elections, 2011;
and (d) the index of high-risk drug use, 2015.

(a) Average annual percentage of unemployed (b) Percentage of people aged >65 years
individuals, Barcelona 2011 who live alone, Barcelona 2008
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(c) Percentage of participation

in general elections, Barcelona 2011 (d) Index of high-risk drug use, Barcelona 2015.
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Socioeconomic inequalities in suicide mortality in Barcelona during the
economic crisis (2006-2016): a time trend study

Abstract

Objectives: This study aimed to analyse trends in socioeconomic inequalities in suicide
mortality in Barcelona before and after the start of the economic crisis that started at the
end of 2008, including both individual factors and contextual factors of the deceased’s
neighbourhood of residence.

Design: Trend study of three time periods: pre-economic crisis (2006-2008), early crisis
(2009-2012) and late crisis (2013-2016).

Setting: Total Barcelona residents between 2006 — 2016 (>25 years of age) and death
data derived from the Judicial Mortality Registry of Barcelona.

Participants: 996 deaths by suicide between 2006 and 2016 were analysed.

Primary and secondary outcome measures: Age-standardised suicide mortality rates
and the associations (relative and absolute risk) between suicide mortality and individual
and contextual characteristics for the three time periods.

Results: From 2006 to 2008, men with a lower educational level were more likely to
commit suicide than better educated men (RR=1.46; 95%CI: 1.11-1.91). This difference
disappeared after the onset of the crisis. We found no differences among women. From
2013 to 2016, suicide risk increased among men living in neighbourhoods with higher
unemployment levels (RR=1.57; 95%CIl: 1.09-2.25) and among women living
neighbourhoods with a higher proportion of elderly people living alone (RR=2.13; 95%Cl:
1.15-3.93).

Conclusions: We observed risks for suicide among men living in neighbourhoods of
Barcelona with higher unemployment levels, and women living in neighbourhoods with
a higher proportion of elderly people living alone. Inequalities in suicide mortality
according to educational level tended to disappear during the crisis among men. Thus,
it is important to continue to monitor suicide determinants especially in times of economic

crisis.
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Strengths and limitations of this study
= Data were obtained from the Judicial Mortality Registry of Barcelona, which is up-
to-date and prevents underreporting of suicide as a cause of death.

= The analysis includes socioeconomic variables, both social and material, which
proved to be very useful for suicide surveillance during the economic crisis.

= The low number of suicides in Barcelona, especially among women, hindered
detection of significant associations and stratified analyses.

= A change in Barcelona’s territorial divisions in 2009 hampered collection of
contextual data for the time periods studied.
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INTRODUCTION

Suicide is a major problem for public health. Suicide rates are often considered
as a measure of a country’s emotional well-being,(1) especially in times of economic

crisis such as that experienced by western countries since 2008.

Like other health issues, suicide is influenced by various social determinants. We
have summarised these determinants in a conceptual framework (figure 1), drawing on
information previously presented by the Commission on Reducing Social Inequalities in
Spain (Comision para Reducir las Desigualdades Sociales en Salud en Espafia).(2)
These determinants can be classified as either structural or intermediary. In terms of
structural determinants, both the socioeconomic and political features of a country can
influence suicide mortality rates. Because macroeconomic and welfare state policies
depend on the government in power, as well as on political traditions, austerity measures
and reduced social benefits implemented during an economic crisis tend to increase
suicide rates.(3) In addition, social cohesion is known to be a protective factor against
suicide, with previous studies showing that high social trust (as part of social capital)(4,5)
and high electoral participation (voter turnout) are associated with fewer suicides.(6,7)
Intermediary determinants, which are very important for suicide risk, can be divided into
material and social resources. Higher suicide rates are known to occur in areas with
greater unemployment(8) or less social or family support, as measured by the proportion
of people living alone.(9) Moreover, mental illness is also a risk factor for suicide and is
involved in a high percentage of cases.(10) Because all these determinants change
according to axes of inequality, they influence suicide in a non-uniform manner. For
example, particular groups are more affected, such as men,(11) both young and old
adults(8,12), and individuals with a poorer socioeconomic position - whether it be in

terms of education, income or occupation.(12—-16)

While many studies have analysed trends in suicide mortality during economic
crises,(17) few have examined concurrent trends in socioeconomic inequalities in suicide
mortality during these periods. These latter studies have observed greater suicide
mortality among men from a manual social class(18) or with a lower level of
education.(19) However, a more recent study conducted in Spain showed that the trend
in educational inequalities in suicide mortality was stable among men before and during
the latest economic recession.(20) Thus, further studies are required to investigate the

impact of the economic crisis on social inequalities in suicide mortality, using updated
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data after the economic crisis by gender and taking into account many aspects presented

in our conceptual framework.

The objective of our study was to analyse trends in socioeconomic inequalities in
suicide mortality in Barcelona before and after the onset of the recent economic crisis,
including both individual and contextual factors of the deceased’s neighbourhood of

residence.

METHODS

Design and information sources

We performed a trend study of the period 2006 to 2016, including all Barcelona
residents aged >25 years. We gathered information from the Judicial Mortality Registry
(maintained by the Catalan Institute of Legal Medicine and Forensic Sciences and the
Municipal Population Census of Barcelona) and the Drug Addiction Information System
maintained by Barcelona Public Health Agency, the city’s Municipal Population Census,

and the Department of Statistics of Barcelona City Council.

Variables and indicators

The dependent variable was suicide mortality: codes X60-X84 of the International
Classification of Diseases (ICD-10).

Individual explanatory variables were: i) educational level (“primary education or
lower” or “secondary education or higher”) as an indicator of individual socioeconomic
position, ii) country of birth (“Spain” or “elsewhere”), iii) neighbourhood of residence, and
iv) year of death (“pre-economic crisis” [2006-2008], “early crisis” [2009-2012], or “late
crisis” [2013-2016]). We used gender as a stratification variable and age as an
adjustment variable. For all independent variables, the proportion of missing data was
<11%. An analysis of missing data was carried out. We observed a random distribution
of the independent variables among people older than 25 years, with the education level

and the address assigned, and those who did not have this information.

Contextual explanatory variables related to the neighbourhood of residence were chosen
based on the conceptual framework (figure 1): i) level of unemployment (in terms of the
average annual percentage of individuals enrolled in the Employment Service of
Catalonia) among individuals aged 16 to 64 years in 2011, ii) the percentage of
individuals aged >65 years who lived alone in 2008, iii) the percentage of individuals who

participated in general elections in 2011, and iv) the index of high-risk drug use in 2015
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(a synthetic index that evaluates drug use by combining five indicators: the incidence of
treatment initiation for substance abuse, the incidence of overdose-induced mortality
according to place of residence and place of death, the incidence of drug-related hospital
emergencies, and the incidence of syringes found in the streets). All the contextual
explanatory variables related to the neighbourhood of residence were categorized in

quartiles.

Patient and public involvement

This study analysed the Judicial Mortality Registry database. Therefore, we did
not inform participants of the research question, outcome measures, or results. No
participants were involved in the study, including it design, recruitment or conduct. There

was no patient adviser for the contributors’ statement.

Data analysis

All analyses were carried out using the STATA 13 programme, and were stratified
by gender.

First, we directly calculated age-standardised suicide mortality rates (ASMR)
according to gender, educational level, and country of birth, for each time period using
the study population described above. And we conducted Poisson regression models
adjusted for age using the variable period in continuous to estimate trends across time.

Second, we calculated age-standardised suicide mortality rates for the
neighbourhoods represented in the quartile maps. We calculated the Spearman
correlation between suicide mortality rates and the contextual variables.

Finally, due to the hierarchical structure of the data, we conducted a multilevel
analysis by fitting a Poisson regression model with a random neighbourhood effect
(random constant) to control for variability between neighbourhoods. As we found no
significant variability, we decided to fit Poisson regression models including individual
and contextual neighbourhood variables to estimate relative risks (RR) and absolute risk
(AR) of suicide mortality and 95% confidence intervals (95% CI). Initially, we fitted a
model (Model 1) containing the individual variables and a term representing the
interaction between educational level and time period. In subsequent models, we added
a different contextual variable and a term representing the interaction between this
variable and the time period, thereby generating four different models (Model 2: %
Unemployment; Model 3 % Elderly living alone; Model 4: % Voter turnout; Model 5: Drug
use index). We evaluated the model fit by using the deviance and likelihood ratio

between nested models (p value). We then estimated the interaction of contextual
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explanatory variables and time periods for each variable using the time period as a

categorical variable in the model (presenting the p value of the interaction).

RESULTS
Between 2006 and 2016, 1,178 residents of Barcelona aged >25 years

committed suicide. In 996 of these individuals, we were able to retrieve information
regarding their educational levels and neighbourhoods of residence through the Judicial
Mortality Registry. These individuals formed the final study sample and constituted the
target population for the statistical analyses. In total, 69.1% (n=688) of the study
population were men.

The age-standardised suicide mortality rate decreased among men (p value=
0.022) during the study period (table 1), while rates among women remained stable. In
all three periods, the suicide mortality rate was higher among men than women. Suicide
mortality rate was higher among men born in Spain compare to those born elsewhere.
This difference decreased with time because rates among men born outside of Spain
increased during the last period of the study (p value= 0.019). By educational level, the
rate of suicide between 2006 and 2008 was higher among men with a lower level of
education. However, in this group of men, the rate decreased in the other time periods
(p value= 0.002), while men with a higher educational level had stable rate over time.

Among women, suicide rates were highest during the pre-crisis period (2006-
2008) among those born outside Spain, but the number of suicides was very low in this
group. In this group of women, the rate decreased in the other time periods (p value =
0.025), while the rate was higher for women born in Spain. By educational level, women
with a higher level of education had higher suicide mortality rates in all three periods,
and this rate remained stable over time among in this group, as well as in women with a
lower level of education.

Analysis of the distribution of suicide mortality in the various neighbourhoods of
Barcelona (figure 2) revealed no clear patterns for men or women in any of the time
periods. Table 2 shows the Spearman correlations between suicide mortality rates and
the contextual explanatory variables, and shows that suicide mortality in men was
positively correlated with the index of high-risk drug use, and negatively correlated with
voter turnout. In contrast, suicide mortality among women was positively correlated with
voter turnout, and with the proportion of elderly people living alone. Unemployment was
not significantly correlated with the suicide rate in either men or women, although the

correlation in men tended to be opposite to that in women. Supplementary figure 1 shows
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the distribution in quartiles across the neighbourhoods of Barcelona of average annual
percentage of unemployed individuals for 2011, the percentage of people aged >65
years living alone in 2008, the percentage of participation in the general election in 2011,

and the index of high-risk drug use in 2015.

Table 3 summarises the associations between suicide mortality in men and the individual
and contextual characteristics for the three time periods studied. During the pre-crisis
period, less well-educated men were more likely to commit suicide than those with a
higher level of education (RR=1.46; 95%CI: 1.11-1.91), whereas the level of risk in each
group was similar during the early (RR=0.96; 95%CI: 0.72-1.28) and late (RR=1.04;
95%Cl: 0.77-1.40) crisis periods. While men living in areas with high unemployment (3
quartile) had greater risk of suicide during the early crisis (RR=1.56; 95%CI: 1.08-2.25),
those living in areas with the highest unemployment had greater risk during the late crisis
period (RR=1.57; 95%CI: 1.09-2.25). During the pre-crisis period, men living in
neighbourhoods in the 1st quartile of voter turned out to be more likely to commit suicide
(RR=1.68; 95%CI: 0.40-0.90). Nonetheless, men living in neighbourhoods in the
3 quartile areas were less likely to commit suicide during the late crisis period (RR=0.69;
95%CI: 0.49-0.98), with significant variation in the relative risk over time. In addition, the
index of high-risk drug use was a risk factor during the pre-crisis period among men living
in 4t quartile neighbourhoods (RR=1.53; 95%CI: 1.04-2.24), and in the early crisis period
among those living in 3 quartile neighbourhoods (RR=1.66: 95%Cl: 1.16-2.37).

Table 4 summarises the associations between suicide mortality in women and the
individual and contextual characteristics for the three time periods studied. Educational
level showed no statistically significant differences in suicide risk for any of the periods.
In contrast, unemployment proved to be protective against suicide during the late crisis
among women living in neighbourhoods in the 3 quartile of unemployment (RR=0.48;
95%CI: 0.27-0.84). Finally, women living in neighbourhoods with the highest proportions
of elderly people living alone were generally more likely to commit suicide during the late
crisis period (RR=2.13; 95%CI: 1.15-3.93), although this risk did not vary significantly

over time.

In general, the results obtained from absolute risks have the same pattern as those
observed for the relative risks in both men and women. In men, the absolute risk
decreases in those with lower levels of education, and increases in men living in
neighbourhoods with higher unemployment. In women, the absolute risk increases in
women who live in neighbourhoods with more elderly people living alone (Supplementary
Table 1).
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DISCUSSION

In this study, we analysed trends in socioeconomic inequalities in suicide
mortality in Barcelona. We found that after the onset of the economic crisis, inequalities
in suicide rates by educational level of education tended to disappear in men, while
suicide risk tended to increase among men living in neighbourhoods with higher
unemployment. Among women, we found no inequalities by educational level, but
observed higher suicide risk in the late crisis period among those living in
neighbourhoods with a higher proportion of elderly people living alone.

Several studies have reported an association between suicide mortality and lower
educational levels,(12—14) but few have evaluated the late effect of economic crises.
Studies in the United States(21) and Asian countries(19) found that inequality by
educational level remained stable or even increased during economic recession. This
contrasts with our results, in that we found that suicide mortality decreased among men
with a lower educational level and remained stable among men with a higher level of
education. This suggests that the economic crisis in Barcelona has had a greater effect
on men with a socioeconomic advantage, possibly because labour market restructuring
created additional work-related stress and a feeling of job insecurity. In such a scenario,
men with greater responsibilities could experience a more negative response, and a
decline in mental health.(22) This notion is supported by the results of a Norwegian
study(23) reporting that suicide rates were higher among women with a higher level of

education.

There is abundant evidence on the association between unemployment levels
and suicide, especially during times of economic crisis.(8,24,25) Consistent with this
evidence, we found that during the early (2009-2012) and late (2013-2016) crisis periods
men living in areas with higher unemployment were more likely to commit suicide. In
women, we found the opposite, with those living in neighbourhoods with high

unemployment being less likely to commit suicide.

It is widely accepted that poor mental health is associated with suicide
mortality.(10) During the economic crisis in Spain, men experienced a general
deterioration in mental health,(26) especially those from lower socioeconomic classes.
We observed a general correlation between suicide and the indicator for substance
consumption, although we did not have access to the relevant individual information to
properly support this assertion, so it may be susceptible to ecological fallacy. More

specifically, we found that men living in neighbourhoods with problematic drug
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consumption had a higher risk of suicide (although the statistical significance of this

factor decreased in the late crisis period).

The material and social factors that influence suicide mortality appear to differ
between men and women, which may be because traditional gender roles create more
pressure on men in terms of income and unemployment. In contrast, job loss among
women is culturally more accepted since women typically find psychological
compensation in their family role.(27) According to studies on masculinity, this could also
be associated with the fact that men are less likely to express their feelings and seek
support in social networks when they need help concerning their mental health.(28) In
contrast, the increased risk of suicide among women may be likely due to alterations in
social factors than to alterations in material factors. This is similar to a study conducted
in Denmark(29) and in our study, in that we observed a higher suicide risk among women

living in neighborhoods with more elderly people living alone.

One of the limitations of our study is its low statistical power due to the small
number of suicides in Barcelona, especially among women, which made it impossible to
detect significant associations and to stratify the analyses by other variables such as
age. It was also fairly difficult to obtain contextual data for the time periods studied
because Barcelona underwent a change in its territorial divisions in 2009. Nonetheless,
we were able to collect indicators for most determinants that are relevant for social

inequalities in suicide.

The main strength of our study is that this study offers a conceptual framework
that presents the social determinants most commonly related to suicide. It also offers an
analysis by gender, which is relevant taking into account the difference in the risk factors
for each gender. On the other hand, we used data from the Judicial Mortality Registry of
Barcelona, which is not only more up-to-date than the Mortality Registry, but also avoids
underreporting suicide as a cause of death.(30). Furthermore, this registry allowed us to
analyse social inequalities because it includes socioeconomic variables (educational
level, country of birth, and neighbourhood of residence), and was thus very useful for
suicide surveillance during the economic crisis. Likewise, the records to obtain the
contextual variables have a tradition of being of good quality and provide information at
a small area level, which is not always available for this type of study. Similarly, while
most previous studies only analysed variables related to material deprivation in suicide

mortality, we evaluated both social and material contextual indicators.
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Another strength is that this study provides a conceptual framework that concisely
presents the social determinants most commonly related to suicide. It also provides an
analysis by gender, which is relevant when considering the differences in the risk factors

for each gender.

In conclusion, we have shown that inequalities in suicide mortality by educational
level among men tended to disappear during the crisis, although men living in
neighbourhoods with higher unemployment may be more likely to commit suicide. In
contrast, we found no association between suicide and educational level in women, but
suicide might be more likely in women living in neighbourhoods with a higher number of
elderly people living alone. Future studies should analyse the socioeconomic inequalities
of suicide and further explore the causes of gender differences in this phenomenon.
Since suicide is the endpoint of a process that can be treated previously at the population
level, it is also important to continue monitoring its social determinants, especially during
periods of economic crisis. This could be accomplished by establishing alliances with
health centres that deal with cases of attempted suicide. In this way, we could gain further
insight into the phenomenon, and develop better strategies to improve the living

conditions of people and prevent unnecessary deaths.
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Figure 1

Conceptual framework of the determinants of inequalities in suicide. This figure was
adapted from the conceptual framework of the determinants of health inequalities
developed by the Commission on Reducing Social Inequalities in Spain (Comisién para

Reducir las Desiguald ades Sociales en Salud en Espana). (2)

Figure 2

Distribution in quartiles of age-standardised mortality rates in men during the periods
(a) 2006-2008 (b) 2009-2012 (c) 2013-2016, and in women during the periods (d)
2006-2008 (e) 2009-2012 (f) 2013-2016.
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5 Table 1 N
o
6 Age-standardised suicide mortality rates (ASMR)* stratified by gender, country of birth, and educational Ieveﬂm Barcelona, 2006-2016
7 >
?O 2006 - 2008 2009 - 2012 201352016
o
11 n  Population ASMR (95%Cl) n  Populaton ASMR (95%Cl) n Population ASMR (95%Cl) P value
12 Men g
13
14 Total 221 1,762,191 13.87 (12.04-15.90) 225 2,379,238 9.89 (8.62-11.29) 242 2,350,383 10.59 (9.28-12.02) 0.022
15 Country of Spain 199 1,402,158 14.73 (12.71-16.98) 201 1,815,824 11.01(9.53-12.66) 204 %,771,794 11.26 (9.75-12.94) 0.721
16 birth Elsewhere 22 360,033 6.14 (3.00-13.65) 24 563,414 7.26 (3.07-14.62) 38 578,589 8.71 (4.39-15.53) 0.019
17 Level of Primary or lower 96 533,198 16.69 (13.34-20.63) 69 659,573 8.95(6.84-11.52) 63 §00,705 9.34 (6.89-12.43) 0.002
18 education Secondary or higher 125 1,228 993 11.71 (9.51-14.28) 156 1,719,665 9.43 (7.9-11.19) 179 #,849,678 10.09 (8.55-11.84) 0.577
19 Women g
20 g
21 Total 86 2,026,864 4.20 (3.36-5.19) 100 2,733,362 3.61(2.94-4.40) 122 %,720,035 4.22 (3.49-5.04) 0.665
2 Country of Spain 73 1,683,270 4.16 (3.24-5.25) 97 2,171,574 4.41(3.55-541) 113 2,102,161 4.78 (3.90-5.80)  0.168
23 birth Elsewhere 13 343,594  6.57 (2.7-13.14) 3 561,788 0.46(0.09-252) 9 $17,874 2.04(0.64-4.88) 0.025
24 Level of Primary or lower 32 753,070 3.74 (2.24-5.87) 33 908,527 2.99 (1.79-4.70) 42 -733,161 3.85 (2.14-6.40) 0.333
25 education  Secondary or higher 54 1,273,794 4.47 (3.28-5.98) 67 1,824,835 3.76 (2.87-4.85) 80 9,986,874 4.27(3.34-5.39) 0.661
26 g
27 1
28 *Rate per 100,000 inhabitants =
29 ©
N
2(1) P value= to compare age-standardised suicide mortality rates trends §
32 2
33 =
34 2
35 v
36 8
37 g
38 g
39 o
40 S
41 a
42 =
Zi For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Table 2

Spearman correlations between suicide mortality and the contextual variables during the three time periods.

BMJ Open

ASMR 2006- ASMR 2009- ASMR 2013-

2008 2012 2016
Men
% unemployment, 2011 0.01 0.1 0.22
% elderly people living alone, 2008 0.10 0.02 0.12
% voter turnout, 2011 -0.20 0.02 -0.28*
Index of high-risk drug use, 2015 0.13 0.02 0.25*
Women
% unemployment, 2011 -0.12 -0.12 -0.19
% elderly people living alone, 2008 0.26* 0.16 0.39*
% voter turnout, 2011 0.19 0.02 0.23*
Index of high-risk drug use, 2015 -0.17 -0.04 -0.14

* Significant correlation, p<0.05

ASMR = Age-standardised suicide mortality rates
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2 ®
3 &
4 Table 3 3
Z Association between suicide mortality among men and individual and contextual factors for each time period Barcelona, 2006-2016
- Model 1 Model 2 Model 3 Model 4 > Model 5 p
8 RR RR RR RR g RR interaction
9 Men P1 P2 P3 P 1 P2 P3 P1 P2 P3 P1 P22 P3 P 1 P2 P3
10 Level Primary or 1.46* 096 1.04 146* 089 097 146* 095 105 133 098 097 1.36* 092 098
11 of education lower ©
12 Secondary 1.00 1.00 1.00 100 100 100 100 100 100 100 10& 100 1.00 1.00 1.00
13 : = 0.081
or higher 3
14 % Q1 (least) 100 1.00 1.00 8
12 Unemployment 097 141 1.16 8 0212
17 Q3 0.86 1.56* 1.03 S
18 Q4 (most) 1.04 136 1.57* ;%’T
;g % Elderly Q1 (least) 1.00 1.00 1.00 =
i living alone Q2 110 094 095 H 0.749
22 Q3 092 085 0.94 g
;j Q4 (most) 130 088 1.22 E]
25 % Voter turnout Q1 (least) 1.68* o.scg 1.29
26 Q2 1.20 1.363? 1.22 0.014
27 Q3 1.30  0.9¢ 0.69"
;g Q4 (most) 100 10§ 1.00
30 Drug use index Q71 (least) 5 1.00 1.00 1.00
31 Q2 g 1.08 1.08 1.03 0.192
gg Q3 s 103 166 1.29
34 Q4 (most) 2 1.53* 1.02 1.37
35 Deviance 3,412.89 3,398.70 3,404.99 3,385.90 g 3,394.63
36 p value 0.116 0.5448 0.0014 @ 0.0323
37 5]
38 RR = relative risk; * p<0.05; P 1= pre-crisis period (2006-2008); P 2= early crisis period (2009-2012); P 3= late crisis geriod (2013-2016)
39 RR for each variable in each time period was obtained from the combined effect of the variable coefficients and the n‘g‘eractlon between the variable and the period.
40 p value= likelihood ratio test to compare models with and without contextual explanatory variables
41 p interaction= likelihood ratio test to compare models with and without the interaction of contextual explanatory variabfes and time period variable
42 All models were adjusted by Age and Country of birth. Model 1: Level of education, Model 2: Level Education and % &employment, Model 3: Level Education and %
43 Elderly living alone, Model 4: Level Education and % Voter turnout, Model 5: Level Education and Drug use index
42 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Table 4 3
Association between suicide mortality among women and individual and contextual factors for each time pefod. Barcelona, 2006-2016
Model 1 Model 2 Model 3 Model 4 & Model 5 p
P4 interaction
RR RR RR RR © RR
Women P1 P2 P3 P1 P2 P3 P1 P2 P3 P1 P28 P3 P1 P2 P3
Level Primary or  0.71 070 098 0.78 073 107 071 071 1.02 074 069 1.03 0.70 0.68 0.99
of education lower <
Secondary 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.008 1.00 1.00 1.00 1.00
. =} 0.407
or higher 8
% Q1 (least) 1.00 1.00 1.00 ]
Unemployment ) 085 1.01 0.81 3
0.809
Q3 0.74 0.67 0.48* =
Q4 (most) 066 1.06 0.88 2
% Elderly Q1 (least) 1.00 1.00 1.00 E]
living alone Q2 161 1.02 136 =
S 0.374
Q3 146 1.19 1.85 % '
Q4 (most) 114 1.04 2.13* B
% Voter turnout Q1 (least) 0.75 1.262 0.76
Q2 0.90 0.93:(3> 0.80
Q3 0.89 1.0& 0.80 0.973
Q4 (most) 1.00 1.007, 1.00
Drug use index Q1 (least) § 1.00 1.00 1.00
Q2 g 1.09 0.82 1.00
Q3 2 114 075 o082 079
Q4 (most) al 1.09 1.35 0.93
Deviance 1,899.06 1,886.99 1,887.73 1,896.30 = 1,894.52
p value 0.210 0.254 0.973 E 0.873

RR = relative risk; * p<0.05; P 1= pre-crisis period (2006-2008); P 2= early crisis period (2009-2012); P 3= late cr|S|s~:Eer|od (2013-2016)
RR for each variable in each time period was obtained from the combined effect of the variable coefficients and the |Meract|on between the variable and the period.
p value= likelihood ratio test to compare models with and without contextual explanatory variables
p interaction= likelihood ratio test to compare models with and without the interaction of contextual explanatory varlab%s and time period variable
All models were adjusted by Age and Country of birth. Model 1: Level of education, Model 2: Level Education and % Unemployment Model 3: Level Education and %
Elderly living alone, Model 4: Level Educationgarnd 1%/ Maotemlyrrouh; Mnd,ej&ri_lewekﬁduwambaud@ndglm idex
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25 Figure 1: Conceptual framework of the determinants of inequalities in suicide. This figure was adapted from
26 the conceptual framework of the determinants of health inequalities developed by the Commission on
27 Reducing Social Inequalities in Spain (Comision para Reducir las Desiguald ades Sociales en Salud en
Espafia). (2)
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a) Suicide Rates in Men Barcelona, 2006-2008 b) Suicide Rates in Men Barcelona, 2009-2012 c) Suicide Rates in Men Barcelona, 2013-2016

Figure 2: Distribution in quartiles of age-standardised mortality rates in men during the periods (a) 2006-
2008 (b) 2009-2012 (c) 2013-2016, and in women during the periods (d) 2006-2008 (e) 2009-2012 (f)
2013-2016.
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Supplementary Figure 1

Distribution in quartiles across the neighborhoods of Barcelona of: (a) average annual
percentage of unemployed individuals, 2011; (b) the percentage of people aged >65
years who live alone, 2008; (c) the percentage of participation in general elections, 2011;
and (d) the index of high-risk drug use, 2015.

(a) Average annual percentage of unemployed (b) Percentage of people aged >65 years
individuals, Barcelona 2011 who live alone, Barcelona 2008

[rEp—
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(c) Percentage of participation

in general elections, Barcelona 2011 (d) Index of high-risk drug use, Barcelona 2015.
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Supplementary Table 1
Absolute risk between suicide mortality and individual and contextual factors for each time period. Barcelong& 2006-2016
N
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»
Men g Women
AR (95%Cl) G AR (95%Cl)
P1 P2 P3 P1 S P2 P3
Level of Primary or 2
education lower 2.42(0.14,4.70)  -0.15(-1.83,1.52) 0.16 (-1.70, 2.03) -0.49 (-1.46, O.§9) -0.36 (-1.24,0.53)  -0.18 (-0.78, 0.41)
Secondary _ _ _ _ 3 ~ _
or higher o
Q1 (least) - - - - 3 - -
% Q2 -0.11 (-2.12, 1.90) 1.84 (-0.19, 3.87) 0.79 (-1.11, 2.70) -0.37 (-1.68, 0.54) -0.01 (-1.12,1.11) -0.31 (-1.06, 0.44)
Unemployment (3 -0.64 (-2.68, 1.40) 2.52 (0.21, 4.83) 0.17 (-1.75, 2.09) -0.65 (-2.05, O.iS) -0.80 (-1.94, 0.35)  -0.90 (-1.83, 0.03)
Q4 (most) 0.16 (-2.11, 2.43)  1.29 (-0.914, 3.50) 2.48 (-0.04, 4.99) -0.94 (-2.45,0.57)  -0.06 (-1.37,1.24)  -0.22 (-1.09, 0.65)
Q1 (least) - - - - S - -
% Elderly living Q2 0.45 (-1.80, 2.70)  -0.44 (-2.89, 2.00) -0.30 (-2.50, 1.90) 1.06 (-0.57, 2.‘§9) 0.04 (-1.22, 1.31) 0.32 (-0.38, 1.03)
alone Q3 -0.58 (-2.79,1.63)  -1.09 (-3.55, 1.38) -0.48 (-2.72, 1.76) 0.77 (-0.76, 2.29) 0.37 (-0.96, 1.70) 0.71 (-0.17, 1.60)
Q4 (most) 1.06 (-1.15,3.27)  -1.12(-3.48, 1.24) 0.79 (-1.42, 3.00) 0.15 (-1.14, 1.%5) 0.03 (-1.19, 1.24) 0.92 (-0.03,1.87)
Q1 (least) 2.74 (0.160,5.32)  -1.30(-3.50, 0.89) 1.03 (-1.44, 3.51) -0.72 (-2.25, 0.§O) 0.26 (-1.11, 1.64)  -0.44 (-1.34, 0.46)
% Voter turnout Q2 0.99 (-1.11, 3.08) 1.90 (-0.58, 4.37) 1.20 (-1.13, 3.53) -0.24 (-1.68,1.30)  -0.21(-1.38,0.96)  -0.32 (-1.13, 0.49)
Q3 1.35(-0.58,3.27)  -0.32(-2.25,1.61) -1.93(-3.85, -0.01) -0.27 (-1.53, 180) 0.00 (-1.05, 1.05)  -0.19 (-0.91, 0.53)
Q4 (most) - - - y ® - -
Q1 (least) - - - - S - -
Drug use index Q2 0.41 (-1.38, 2.20) 0.38 (-1.42, 2.18) 0.12 (-1.62, 1.86) 0.19 (-0.96, 1.§4) -0.43 (-1.45, 0.59) 0.01 (-0.64, 0.67)
Q3 0.31 (-1.82, 2.44) 3.33(0.54, 6.11) 1.49 (-0.84, 3.82) 0.34(-1.13,182) -0.61(-1.81,0.60) -0.25 (-1.03, 0.52)
Q4 (most) 2.35(-0.24,4.95)  -0.32(-2.49, 1.84) 1.34 (-1.07, 3.75) 0.07 (-1.43, 1.58) 0.50(-1.01, 2.01) -0.14 (-1.00, 0.72)

AR = absolute risk; P 1= pre-crisis period (2006-2008); P 2= early crisis period (2009-2012); P 3=
AR in relation with the highest level of every variable
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Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the | P:2/L: 1.2
title or the abstract
(b) Provide in the abstract an informative and balanced summary | P:2/L: 5-29
of what was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the P:4/L:3-5P:
investigation being reported 5/L:1,2
Objectives 3 State specific objectives, including any prespecified hypotheses P:5/L:3-6
Methods
Study design 4 Present key elements of study design early in the paper P:5/L: 10
Setting Describe the setting, locations, and relevant dates, including P:5/L:10,11
periods of recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of P:5/L: 10-15
selection of participants
Variables 7 Clearly define all outcomes, exposures, predictors, potential P:5/L:17-34
confounders, and effect modifiers. Give diagnostic criteria, if
applicable
Data sources/ 8* For each variable of interest, give sources of data and details of | P: 5/L: 17-34
measurement methods of assessment (measurement). Describe comparability
of assessment methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias P:5/L: 10-15
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Study size 10 Explain how the study size was arrived at P:7/L:6-11
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. | P: 5/L: 19-34
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Statistical methods 12 (a) Describe all statistical methods, including those used to P:6/L:15-36
control for confounding P:7/L:1-2
(b) Describe any methods used to examine subgroups and P:6/L:24-36
interactions P:7/L:1-2
(c) Explain how missing data were addressed P:5/L:24-27
(d) If applicable, describe analytical methods taking account of P:6/L:15-36
sampling strategy P:7/L:1-2
(e) Describe any sensitivity analyses N/A
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg P:7/L:6-11
numbers potentially eligible, examined for eligibility, confirmed
eligible, included in the study, completing follow-up, and
analysed
(b) Give reasons for non-participation at each stage N/A
(c) Consider use of a flow diagram N/A
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, P:7/L:6-11
clinical, social) and information on exposures and potential P: 17
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Outcome data 15*%  Report numbers of outcome events or summary measures P:7/L:6-11

P: 17

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder- P:7/L:6-36
adjusted estimates and their precision (eg, 95% confidence P:8/L:1-36
interval). Make clear which confounders were adjusted for and
why they were included
(b) Report category boundaries when continuous variables were P: 8/L:5-36
categorized
(c) If relevant, consider translating estimates of relative risk into | P: 8 /L. 31-36
absolute risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and N/A
interactions, and sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives P:9/L:2-8

Limitations 19  Discuss limitations of the study, taking into account sources of P: 10/L: 16-
potential bias or imprecision. Discuss both direction and 22
magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of results considering P:9/L:9-36
objectives, limitations, multiplicity of analyses, results from P: 10/L: 1-14
similar studies, and other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results | N/A

Other information

Funding 22 Give the source of funding and the role of the funders for the 15

present study and, if applicable, for the original study on which
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