
1009Hiyoshi A, et al. J Epidemiol Community Health 2018;72:1009–1015. doi:10.1136/jech-2018-210696

Research report

Increasing income-based inequality in suicide 
mortality among working-age women and men, 
Sweden, 1990–2007: is there a point of 
trend change?
Ayako Hiyoshi,1,2 Naoki Kondo,3 Mikael Rostila2,4

To cite: Hiyoshi A, Kondo N, 
Rostila M. J Epidemiol 
Community Health 
2018;72:1009–1015.

►► Additional material is 
published online only. To view 
please visit the journal online 
(http://​dx.​doi.​org/​10.​1136/​
jech-​2018-​210696).

1Clinical Epidemiology and 
Biostatistics, School of Medical 
Sciences, Örebro University, 
Örebro, Sweden
2Department of Public Health 
Sciences, Stockholm University, 
Stockholm, Sweden
3School of Public Health, The 
University of Tokyo, Bunkyo-ku, 
Japan
4Centre for Health Equity 
Studies, Stockholm University/
Karolinska Institutet, Stockholm, 
Sweden

Correspondence to
Dr Naoki Kondo, School of 
Public Health, The University of 
Tokyo, Bunkyo-ku, Tokyo 113-
0033, Japan; ​naoki-​kondo@​
umin.​ac.​jp

AH and NK contributed equally 
and are joint first authors.

Received 27 February 2018
Revised 8 May 2018
Accepted 23 June 2018
Published Online First 
18 July 2018

© Author(s) (or their 
employer(s)) 2018. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published 
by BMJ.

Abstract
Background  Income inequalities have risen from the 
1990s to 2000s, following the economic recession in 
1994, but little research has investigated socioeconomic 
inequalities in suicide mortality for working-age men and 
women (aged between 30 and 64 years) over the time 
using longitudinal data in Sweden.
Methods  Using Swedish national register data 
between 1990 and 2007 as a series of repeated cohort 
studies with a 3-year follow-up (sample sizes were 
approximately 3.7 to 4.0 million in each year), relative 
and slope indices of inequality (RII and SII respectively) 
based on quintiles of individual disposable income were 
calculated and tested for temporal trends.
Results  SII for the risk of suicide mortality ranged from 
27.6 (95% CI 19.5 to 35.8) to 44.5 (36.3 to 52.6) in 
men and 5.2 (0.2 to 10.4) to 16.6 (10.7 to 22.4) in 
women (per 100 000 population). In men, temporal 
trends in suicide inequalities were stable in SII but 
increasing in RII by 3% each year (p=0.002). In women, 
inequalities tended to increase in both RII and SII, 
especially after the late-1990s, with 10% increment in 
RII per year (p<0.001).
Conclusions  Despite universal social security and 
generous welfare provision, income inequalities in 
suicide were considerable and have widened, especially 
in women. The steeper rise in women may be partially 
related to higher job insecurity and poorer working 
conditions in the female dominated public sector after 
the recession. To reduce health consequences following 
an economic crisis and widened income inequalities, 
additional measures may be necessary in proportion to 
the levels of financial vulnerability.

Introduction
Despite these deaths being potentially preventable, 
every year about 800 000 people die worldwide as 
a result of suicide, and suicide is the second leading 
cause of death in 15–29 year olds.1 In recent decades, 
especially since 2000, countries have developed 
national strategies for suicide prevention.2 Economic 
fluctuations are associated with mental health and 
suicide risk.2–4 Welfare programmes including labour 
market programmes have been shown to alleviate a 
degree of negative impact on suicide.5 Therefore, with 
its generous and comprehensive welfare programmes, 
one might consider that Sweden could buffer such 
adverse influences of macroeconomic downturns; 
however, it has encountered challenges.

When the economic recession, the worst since 
the 1920s, hit the country between 1990 and 1994, 
the rate of unemployment soared from 2% in 1990 
to 9% in 1994 and stayed between 6% and 8% in 
2000s.6 Facing the need to control spending, the 
government implemented tax reforms and cutbacks 
in social services and unemployment and sickness 
compensation,7 resulting in sharp declines in the 
redistributive effects of taxes and social benefits, 
from 40% in 1980s/90s  to 30% in 2008.8 The 
downsizing of social security provision continued 
well into the 2000s,9 resulting in Sweden experi-
encing a widening income gap between employed 
and non-employed and the largest growth in income 
inequality among the Organisation for Economic 
Co-operation and Development countries between 
1985 and the late 2000s.8

Widened social inequalities often contribute to 
widening health inequalities, as there is likely to 
be deterioration in work and financial conditions, 
access to resources and subsequently health dispro-
portionately among individuals in socioeconomi-
cally disadvantaged positions. However, evidence 
on suicide inequalities has been limited by the use 
of self-reported and cross-sectional data,10 the lack 
of individual-level socioeconomic measures11 and 
short observation periods,12 and there has been 
little empirical investigation of temporal trends. 
The rise in income inequalities was particularly 
sharp in Sweden and this may have had negative 
impacts on those in vulnerable positions, leading 
to widening suicide inequalities. Therefore, we 
aimed to examine whether socioeconomic inequal-
ities in suicide mortality have increased, and where 
the point of change is if any, using large Swedish 
national register data between 1990 and 2007 
as a series of repeated cohort studies with 3-year 
follow-ups.

Methods
Data and sample
Information was obtained from multiple govern-
mental registers. To examine health disparities of 
people who were actively involved in the labour 
market, we focused on those who were aged 30–64 
years between 1990 and 2007. Data from 2008 
and onwards were not available. Information on 
demographic and socioeconomic characteristics 
was supplied by the Total Population Register 
(Swedish acronym: RTB) and the longitudinal 
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integration database for health insurance and labour market 
studies (LISA). Information on suicide mortality was obtained 
from the National Death Register, which was initiated in 1961 
and covers the whole of Sweden. In total, 15 annual cohorts 
were created from 1990 to 2004 with 3-year follow-up for each 
cohort.13 The analysed sample included 1 883 651 men and 
1 836 890 women in the 1990 cohort, and 2 022 279 men 
and 1 970 943 women in the 2004 cohort (table 1, also see the 
online supplementary metarial eTable 1 for details). Individuals 
excluded from the study due to missing data were <4% in the 
1990 cohort and 0.1% in the 2004 cohort, mostly as a result of 
emigration from Sweden.

Measures
All suicide deaths were identified each year using the National 
Death Registry, and the number of people alive was determined 
at 31 December every year. Data on annual individual disposable 
income (total income from work and social benefits minus tax) 
was supplied by Swedish crowns in LISA. We grouped income 
into quintiles for each annual cohort separately for men and 
women.

Suicide death was identified using the Swedish version of the 
International Classification of Diseases (ICD) 9 and 10 (ICD-9: 
950–959, ICD-10: X60-X84).14 The number of suicide deaths 
was then determined according to age (5-year age groups), sex 
and income quintile. Suicide deaths were counted 3 years after 
the income was measured to minimise the influences of pre-ex-
isting health conditions that may relate to low income and the 
risk of poorer mental health and thus higher risk of suicide.

Statistical analysis
Calculation of age-standardised suicide mortality rates and 
inequality indices
Age-standardised suicide mortality rates were calculated for 
men and women separately using the Swedish population in 
2000.15 To evaluate the differences in temporal trends, abso-
lute and relative measures were used because  they may show 
differing trends. As the age-standardised suicide rate appeared 
to increase largely monotonically with declining income, the 
associations were summarised using relative and slope indices 
of inequality (RII(Pamuk) and SII, respectively).16 The strength of 
the indices is their ability to provide a single summary measure 
of health disparity, including direction and magnitude, using 
data from all quintiles. To calculate SII and RII, a reverse-or-
dered rank variable for income is created, and categories are 
assigned values of the cumulative midpoint of their ranges with 
the values ranged between 0 and 1. For example, the lowest 
income quintile was assigned a score of approximately 0.9 and 
the second lowest was 0.7. Age-standardised suicide mortality 
rate for each year was then regressed using linear regression 
for SII. Dividing SII by the average suicide rate provides RII. 
The estimate is then interpreted as differences in predicted risk 
between the lowest and highest of the income hierarchy for SII. 
RII is the percentage of SII against the average suicide mortality 
rate. The choice of inequality measures may influence results 
and interpretation. Therefore, we also conducted complemen-
tary analyses using other disparity indices of rate difference, 
range difference, between-group variance and absolute concen-
tration index.17 Because these disparity measures used param-
eters which were aggregated, weighted and ranked by income 
groups, a Taylor series approximation was used to calculate 
standard errors.

https://dx.doi.org/10.1136/jech-2018-210696
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Figure 1  Age-standardised suicide mortality rates for total population and by income quintile in men and women for the 1990 to 2004 cohorts (per 
100 000 person-years). Q1 is the lowest income quintile and Q5 is the highest. 

Trend analysis
To evaluate the changes in suicide inequality time trends, 
inequality measures were then analysed using the Joinpoint 
Regression Program.18 Joinpoint regression explores the poten-
tial points of changes in trend and tests whether having a line 
connecting different segments is a significantly better fit than a 
straight (or less segmented) line. The program uses grid search 
methods, creating a ‘grid’ of all possible locations of joinpoints 
and testing the sum of squared error at each point. The best fit 
model is the model with the minimum number of joinpoints. 
The number of joinpoints is determined by permutation tests, 
setting a significance level of each test as 0.05. Potential auto-
correlation of errors over time was also accounted for, and the 
regression coefficients were estimated by weighted least squares. 
The detailed statistical note is available elsewhere.19 20 Analyses 
were performed using statistical analysis package R V.3.0.3, 
HD*Calc V.1.2.3 and Joinpoint Regression Program V.4.0.4 (US 
National Cancer Institute).

Results
The distribution of age-standardised suicide mortality rates for 
total population and income quintile for each year for men and 
women is presented in figure 1 (full data in the online supple-
mentary metarial eTable 1). In general, the suicide rates were 
higher in men than in women and declined a little over the 
time. Male suicide mortality rates fluctuated over time, in the 

lowest two quintiles in particular, and by declining income 
there appeared to be stepwise increases in suicide. In women, 
however, income differences in the rates were less clear in the 
earlier period, and gradient-wise differences appeared to emerge 
since the late 1990s.

SII and RII for each year are presented in the online supple-
mentary metarial eTable 2, and time trends for SIIs and RIIs 
are shown in figures 2 and 3. In general, SIIs and RIIs were of 
a much lower magnitude in women. SIIs ranged between 27.6 
(95% CI 19.5 to 35.8) and 44.5 (36.3 to 52.6) in men and 5.2 
(0.2  to 10.4) and 16.6 (10.7  to 22.4) in women (per 100 000 
population), and are interpreted as the absolute differences in 
rates between the (hypothetical) top and bottom of the income 
hierarchy while taking account for data distribution in between. 
SII was stable (no linear trend) over time in men (p=0.925), but 
it showed an increasing linear trend in women, with an annual 
increase of 0.512 (p=0.005), indicating the absolute differences 
between the (hypothetical) top and bottom income hierarchy 
per 100 000 population widened approximately by 0.5 per year. 
Inequalities based on RIIs are interpreted that the mortality 
difference between the top and bottom of income hierarchy in 
relative term and were observed in men apart from in 1997. In 
women, RIIs tended to be negative in the 1990s and positive in 
the 2000s, with an association only observed in 2002. A linear 
increasing time trend in inequalities in suicide mortality was 
evident in RII in men, with annually 3.0% increases in inequality 

https://dx.doi.org/10.1136/jech-2018-210696
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Figure 2  Trends in slope index of inequality for income in age-adjusted suicide mortality rates in men and women (per 100 000 person-
years). Values for slope indicate the changes in SII per year (p value) obtained from joinpoint regression. 

Figure 3  Trends in relative index of inequality for income in age-adjusted suicide mortality rates in men and women. Values for slope indicate 
the changes in RII per year (p value) obtained from joinpoint regression. In women, there was a change in time trends, from stable (1990–1995) to 
increasing (from 1995). 

(p=0.002). In women’s RII, joinpoint regression selected a 
1-joinpoint model, indicating that there was a change in trend 
over time. The stable trend from the 1990 to the 1995 cohorts 
(p=0.613) was followed by an upward trend with 10.2% annual 
increase from the 1995 to the 2004 cohorts (p<0.001) (figures 2 
and 3).

Inequality trends were tested for alternative measures that are 
shown in the online supplementary metarial eTable 2. In abso-
lute measures, increasing linear trends were observed in women 
in the rate difference between quantiles one and five, the range 
difference and the absolute concentration index, whereas none 
of the indices showed a significant trend in men. All but one 
relative inequality measures in men, including the rate ratio, 
the range ratio, the index of disparity, the mean log deviation, 
the Theil index and the relative concentration index, showed 
increasing inequality trends. In women, increasing linear trends 
or segmented slopes of stable to increasing trends, with the 

change of trend from the 1995 cohort, were observed in most of 
the inequality measures.

Discussion
The present study aimed to examine whether socioeconomic 
inequalities in suicide mortality have increased between 1990 
and 2008 in Sweden, and if there is a point of change in the 
trends. We found that suicide inequalities, in relative terms, 
have widened, with annually a 3% increase in men and 10% in 
women from the late 1990s to the late 2000s. Absolute inequal-
ities ranged from 28 to 45 (per hundred thousand population) 
in men and 5 to 17 in women over the time, with stable and 
persisting inequalities in men but increasing inequalities in 
women by 0.5 each year. In western countries, although not 
directly comparable as age range and socioeconomic indica-
tors were different, the absolute inequalities were on average 

https://dx.doi.org/10.1136/jech-2018-210696


1013Hiyoshi A, et al. J Epidemiol Community Health 2018;72:1009–1015. doi:10.1136/jech-2018-210696

Research report

around 15 in adult men (ranged from 2 to 40) and 8 in adult 
women (ranged from −6 to 4).11 12 The gap in suicide mortality 
by income in Sweden, therefore, appears relatively high in 
magnitude. Socioeconomic inequalities in suicide have often 
been overlooked in formulating health policies and suicide 
prevention strategies. Bearing in mind that Sweden is a country 
with generous and universal social security and welfare provi-
sion, the substantial inequalities and the persisting and even 
widening trends were rather surprising.

The influence of macrosocial contexts such as income 
inequalities and economic recessions on mortality can vary by 
causes of death and socioeconomic positions. In our previous 
study, we assessed all-cause mortality and observed widening 
inequalities.13 We focused on suicide in the present study 
because deaths from diseases that evolve over a long time, 
such as cancer, are unlikely to be influenced by short-run 
macroeconomic fluctuations, whereas suicide appeared to be 
substantially affected, especially in men.21–23 In the wake of the 
collapse of the Soviet Union and following economic decline, 
Russia and some former Soviet Union countries experienced 
dramatic rises in mortality, in particular in men’s suicide.21 23 
Also, after economic recessions, the rate of suicide increased 
in the USA22 and Japan,24 25 with stronger negative effects on 
those with lower education in the USA22 but rather on those 
at advantageous positions in Japan.24 25 In Sweden, suicide 
mortality rates appear to have reduced over time in both men 
and women, and the widening suicide inequalities were attrib-
utable to smaller improvement (or possibly deterioration) of 
the rates among poorer quintiles. Reductions of rates in men 
for the highest and lowest income quintiles in the 2004 cohort 
relative to 1990 were far greater in the highest income group 
(56%) than in the lowest (4%). In women, the mortality rates in 
the 2004 cohort increased by 19% in the lowest income group 
but decreased by 48% for the highest, compared with the 1990 
cohort. However, it should be noted that the declining suicide 
rates may have contributed to creating increasing RIIs trends, 
although the increasing trend was also found in SIIs in women.

Although speculative, the possible explanations for persistent 
or increasing inequalities in suicide mortality may relate to the 
adverse influences on mental health of the economic recession, 
the welfare and psychiatric care reforms, changes in the compo-
sition of the population and the widened income inequalities. 
In Sweden, unemployment increased more drastically than in 
many other developed countries,26 and the high unemploy-
ment rate continued over the 1990s and even in the 2000s 
with some improvements.6 Unemployment,27 unaffordable 
housing prices and indebtedness28 and evictions29 have been 
associated with elevated risk of suicide death. The continued 
welfare downsizing in the 2000s9 has resulted in widened 
income inequality,7 8 which may have exacerbated the sense of 
relative deprivation, that is, having less compared with those 
with higher income, among poorer groups and contributed to 
worsening psychosocial health.30 Also, during the economic 
recession, psychosocial work environments have deteriorated 
in various social groups, possibly due to increased demands 
on productivity with little investment.31 Social protection and 
social capital (trust) weaken during economic downturns,32 
which could alleviate some of the effects of financial strain 
on mental health.33 Regarding the psychiatric care reforms, 
although the reform of shifting the care for severe mental 
illness from institutions to the community in 1995 has gener-
ated positive results in general,34 access to and availability of 
care were inadequate for some subgroups,34 which may have 
led such patients to be socially isolated and exacerbated suicide 

risk. Finally, during our study period, the proportion of people 
born in abroad (or both parents born in abroad) increased from 
13% in 1994 to 17% in 2007,35 and those with foreign back-
ground tended to be found with higher suicide risk.36 While 
we could not assess mechanisms underlying the trends, these 
different processes in the population, labour market, work and 
financial circumstances and psychosocial aspects may together 
have contributed to the deterioration of mental health for 
lower socioeconomic groups.

The difference in trends between men and women may relate 
to employment characteristics and the rate of suicide. In Sweden, 
women represent >70% of the workforce in the public sector,37 
which was directly affected by the governmental crisis-reaction 
measures such as privatisation and outsourcing in the latter half of 
the 1990s.38 Also, after employment in the public sector decreased 
from the early to mid-1990s, it did not recover but levelled 
out.38 However, while inequality trends were largely uniform 
across different measures in men, with stable absolute trends and 
increasing relative trends, trends were less consistent in women. 
In absolute measures, some indices showed stable trends, and, in 
relative measures, some indices showed segmented increment but 
linear in others. Thus, the change in trends should be understood 
with caution. Also, although suicide attempt is more frequent in 
women, men are overrepresented in suicide death, and the lower 
rates of suicide mortality in women made the relative measure tend 
to be more sensitive even to smaller changes. Given the descriptive 
and explorative nature of this study, future studies may examine the 
gender differences in trends and their macrosocial determinants.

Limitations of our study include the use of individual dispos-
able income (after tax) which did not account for household infor-
mation such as spousal income. Also, although own income may 
indicate to a great extent women’s socioeconomic position39 in 
countries with high female labour force participation,40 41 labour 
attachment has been still weaker in women, particularly for older 
ages in the earlier periods, which may limit comparability over time 
and require caution in interpretation. It may be possible that lower 
income was the consequence of poor health, such as psychiatric 
and chronic conditions, which also associate with higher suicide 
risk. By focusing on suicide death 3 years after the measurement 
of income level and excluding deaths occurring in the first 2 years 
of follow-up, we tried to reduce the risk of reverse causation.13 
The use of uniformly and systematically collected register data 
which was not collected for specific research purposes may have 
reduced the risk of differential misclassification,42 but the level of 
certainty was around 80% in Swedish suicide death statistics.43 
Suicide death misclassification may occur due to under-reporting 
as well as certification and registration procedures. The changes in 
autopsy rates and death ascertainment and registration procedures 
may have biased the estimates.44 If misclassification is assumed to 
be non-differential, it leads to underestimation of the association 
often in the most extreme exposure level, unless the likelihood of 
misclassification differed by income groups (differential misclassi-
fication), which may lead to overestimation or underestimation of 
the association. Data on other relevant confounding and explana-
tory factors was not available for the analysis, such as employment 
characteristics, marital status and lifestyle, which would improve 
the precision of estimates and help to understand mechanisms 
leading to suicide.13

The advantages of the present study are the use of a large dataset 
based on Swedish national registers with very little missing data 
for the long study period starting around the time of the economic 
downturn. The sample included nearly the entire Swedish work-
ing-age population. The assessment of both absolute and relative 
inequality time trends and different inequality measures improved 
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What is already known on this subject

Economic fluctuations are associated with mental health and 
suicide risk. However, income inequalities in suicide mortality 
have been little investigated in Sweden, despite sharp increases 
in social inequalities in 1990s and 2000s following the economic 
fluctuations.

What this study adds

Suicide inequalities were substantial in Sweden, ranging from 
28 to 45 (per 100 000 population) in men and 5 to 17 in women. 
Widening suicide inequalities were found, with annual increases 
3% in men and 10% in women between 1990 and 2007. 
Changes in the labour market, work and financial circumstances 
and psychosocial aspects that accompanied the economic 
recession and widened income inequalities may together have 
contributed to the deterioration of mental health for lower 
socioeconomic groups.

understanding of inequality trends. Income was grouped into 
quintiles, by which we could reflect income-based social position 
without adjusting for price inflation over time.

The Swedish universal welfare systems have historically 
produced low levels of social inequality. Yet, income inequal-
ities in suicide mortality have been substantial in working-age 
men and women in Sweden. The inequalities have persisted 
and widened, with annually a 3% increase in men and 10% in 
women from the late 1990s to 2007. The increasing suicide risk 
among those with lower incomes indicates that extra measures 
may be recommended to mitigate these trends. Our study also 
highlights the importance of the monitoring of health disparities 
in any society, to prevent and address the unacceptable expan-
sion of suicide inequalities.
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