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In 1997–1998 a widespread economic crisis hit the economies of many East/Southeast Asian countries;
its impact on suicide rates across the region has not been systematically documented. We investigated
the impact of the Asian economic crisis (1997–1998) on suicide in Japan, Hong Kong, South Korea,
Taiwan, Singapore and Thailand. Suicide and population data for the period 1985–2006 were extracted
from the World Health Organisation’s mortality database and Taiwanese mortality statistics. Sex-specific
age-standardised suicide rates for people aged 15 years or above were analysed using joinpoint
regression. Trends in divorce, marriage, unemployment, gross domestic product (GDP) per capita and
alcohol consumption were compared with trends in suicide rates graphically and using time-series
analysis. Suicide mortality decreased in the late 1980s and early 1990s but subsequently increased
markedly in all countries except Singapore, which had steadily declining suicide rates throughout the
study period. Compared to 1997, male rates in 1998 rose by 39% in Japan, 44% in Hong Kong and 45% in
Korea; rises in female rates were less marked. Male rates also rose in Thailand, but accurate data were
incomplete. The economic crisis was associated with 10,400 more suicides in 1998 compared to 1997 in
Japan, Hong Kong and Korea. Similar increases in suicide rates were not seen in Taiwan and Singapore,
the two countries where the economic crisis had a smaller impact on GDP and unemployment. Time-
series analyses indicated that some of the crisis’s impact on male suicides was attributable to increases in
unemployment. These findings suggest an association of the Asian economic crisis with a sharp increase
in suicide mortality in some, but not all, East/Southeast Asian countries, and that these increases were
most closely associated with rises in unemployment.

� 2009 Elsevier Ltd. All rights reserved.
Introduction

There was a marked increase in suicide rates in a number of
East/Southeast Asian countries in the late 1990s (Khang, Lynch, &
Kaplan, 2005; Kim, Song, Yi, Chung, & Nam, 2004; Lin & Lu, 2008;
Thomyangkoon, Leenaars, & Wasserman, 2005; Ueda & Matsumoto,
2003; Yip, Law, & Law, 2003). Analyses of data from some of these
countries indicate that these rises appeared to coincide with the
Asian economic crisis in 1997–1998 (Khang et al., 2005; Kim et al.,
dicine, University of Bristol,
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2004; Shiho et al., 2005; Yip et al., 2003). The crisis began in July
1997 in Thailand when the Thai currency started to depreciate
markedly, and quickly spread to neighbouring economies including
Indonesia, Malaysia, the Philippines, Singapore, Taiwan, Hong Kong
and South Korea (Ito, 2007). By mid-January 1998 the currencies of
all emerging market economies in East/Southeast Asia had lost half
of their pre-crisis values against the US dollar (Ito, 2007). The crisis
was followed by massive capital outflows, many bankruptcies and
steep rises in unemployment in the region.

Two studies suggest that the economic crisis might have
contributed to an epidemic of suicide in Korea (Khang et al., 2005;
Kim et al., 2004), but empirical analysis is lacking in other affected
countries. Analyses conducted in single East/Southeast Asian
countries also suggest that the recent trends in suicide rates were
associated with changes in unemployment (Chuang & Huang,
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2007; Inoue et al., 2008; Loh et al., 2007; Park, Lee, & Kim, 2003),
divorce and marriage (Ben Park & Lester, 2006; Chuang & Huang,
2007). While research to date has investigated contributors to the
change in suicide rates in individual countries, the extent to which
the patterns of change are common throughout East/Southeast Asia
has not been systematically assessed.

More than a century ago, Morselli (1882) recognised that
general economic conditions, such as economic crises or rises in
food prices, are contributors to rises in population suicide rates. The
association between economic upheavals and increases in suicide
rates was also described by Durkheim (1952) as an example of how
disturbances of social order may give rise to individual suicides.
Durkheim argued that during economic crises certain individuals
may be at increased risk of suicide because of the sudden deteri-
oration in their social status and their difficulties in adjusting to the
gap between their expectations/demands and their ability to realise
them, particularly when society fails to help those individuals
readjust (Durkheim, 1952).

Most research on the impact of economic crisis on suicide in the
last century was conducted in Western societies, and the findings
varied between countries with different economic and social
conditions. For example, suicide rates rose markedly in Russia
(Gavrilova, Semyonova, Evdokushkina, & Gavrilov, 2000) and Latvia
(Rancans, Salander Renberg, & Jacobsson, 2001) when these former
Soviet Union countries experienced major transitions in socio-
economic structures and suffered from recessions in the early
1990s. In contrast, suicide mortality fell in Finland when the
country experienced a recession during the same period (Hintikka,
Saarinen, & Viinamaki, 1999). The Asian economic crisis provides an
opportunity to examine the impact of economic recession on
suicide in a region with very different social structures and culture
compared to Western societies.

The aim of this study was to investigate recent secular trends in
suicide in Japan, Hong Kong, Korea, Taiwan, Singapore and Thailand
in order to assess the impact of the economic crisis on suicide
mortality. Other countries in the same region affected by the Asian
economic crisis including Indonesia, Malaysia, the Philippines,
China, Cambodia, Laos and Vietnam were not included in our
analyses because suicide data were unavailable or incomplete.

Methods

Data series

Suicide statistics and population data for Japan, Hong Kong,
Korea and Singapore were extracted from the latest World Health
Organisation (WHO)’s mortality database for the period 1985–2006
(data for 2006 were unavailable in Hong Kong) (World Health
Organisation Statistical Information System, 2008). The inclusion of
data for the 12-year pre-crisis period enabled us to assess and
model trends in suicide preceding the economic crisis and to
distinguish crisis effects from pre-existing underlying trends.
National suicide data for Thailand in this database were not chro-
nologically complete for the period studied (data were unavailable
for 1988–1989, 1993, 2001 and 2003–2006), and errors in data in
1994 and 1997 have been reported (Thomyangkoon et al., 2005).
Therefore, Thailand was not included in the main analysis. Thai
population figures were obtained from the United Nation’s pop-
ulation database (United Nations Population Division, 2006). Elec-
tronic suicide and population data for Taiwan were obtained from
the Taiwanese Department of Health and the Ministry of the
Interior.

Suicides were coded as E950–959 in International Classification
of Diseases, Ninth Revision (ICD-9) (World Health Organisation,
1977), and X60–X84 in ICD-10 (World Health Organisation, 1992).
There is almost no difference in the coding for suicide between the
two ICD revisions, and previous analyses found no impact on the
total number of suicide deaths between revisions (Brock & Griffiths,
2003). Studies in the West indicate that suicide mortality is
underestimated if figures are based on deaths certificated as suicide
alone; the most commonly used cause of death for ‘‘missed’’
suicides is death of undetermined intent (E980–989 in ICD-9 and
Y10–Y34 in ICD-10) (Linsley, Schapira, & Kelly, 2001; Ohberg &
Lonnqvist, 1998). However, in East/Southeast Asia there has been
little research investigating the proportion of deaths in this cate-
gory that are likely to be suicides; most previous studies on secular
trends in suicide rates were based on deaths coded as suicides
alone. Our main analysis was therefore based on suicides alone, but
we conducted a sensitivity analysis to examine the impact of
including undetermined deaths on our findings.

Sex- and age-specific suicide rates in 10-year age bands were
calculated for each calendar year in each country. Sex-specific age-
standardised rates for people aged 15 years or above were subse-
quently computed on the basis of the world standard population,
2000. Previous research shows that the associations of suicide with
socio-economic variables differ with sex and age (Gunnell, Mid-
dleton, Whitley, Dorling, & Frankel, 2003). To investigate whether
the impact of the economic crisis differed between age groups at
different points in their working lives, we calculated sex-specific
age-standardised rates for those who had recently entered the
labour market (15–34 year olds), those who had been in the
workforce longer (35–64 year olds) and those who were mostly
retired (65þ year olds). Previous research also indicates that
national suicide rates are affected by rises in unemployment,
increases in divorce, changing levels of alcohol misuse, and changes
in the availability or lethality of commonly used suicide methods
(Gunnell et al., 2003). We collected data on gross domestic product
(GDP) per capita, annual percent change in GDP (GDP growth),
unemployment rates (percent of total labour force) (International
Monetary Fund, 2007), divorce rates (per 1000 married population)
and marriage rates (per 1000 unmarried population) (United
Nations Statistics Division, 2008). These were plotted and
compared with patterns in suicide in order to identify possible
associations. Trends in alcohol use were investigated using data on
alcohol consumption per capita (Commission for Distilled Spirits,
2005; World Health Organisation, 2004).

Statistical analyses

Trends in sex-specific age-standardised suicide rates were
analysed using joinpoint regression, in which trend data are char-
acterised by a number of contiguous linear segments and join
points (points at which trends change). These models were used to
estimate the annual percent change in rates and the number and
location of join points, based on linear regression with the log
suicide rates as the dependent variable and the year as the inde-
pendent variable. To identify the combination of line segments and
join points with the best fit to each data series, a sequence of
permutation tests was performed by comparing pairs of models
differing by one join point, with the number of join points limited to
a maximum of three. A procedure adjusting for the number of tests
was used to maintain the overall probability of a type I error (i.e.,
concluding that there are one or more join points when there are in
fact none) at 0.05. Analyses were conducted using Joinpoint soft-
ware (version 3.2, National Cancer Institute, Bethesda, MD)
(National Cancer Institute US National Institute of Health, 2008).

We used time-series models to examine the relationship
between suicide rates, the economic crisis and other socio-
economic variables. The economic crisis was modelled as an indi-
cator variable with a value of one for years in defined time periods
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of the crisis and a value of zero for the rest during the study period.
Three crisis time periods (1998, 1998–1999, 1998–2006) were
defined based on observed changes in GDP (GDP per capita and
GDP growth) and unemployment (see Fig. 1). Briefly, trends in GDP
showed a recession of one (1998) or two years (1998–1999) for all
study countries except Thailand, where the recession lasted for 4-5
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Fig. 1. Trends in gross domestic product (GDP) per capita (1000 national currency), unemp
ulation and marriage rate per 1000 unmarried population in Japan, Hong Kong, South Korea,
rates for some years in Thailand).
years, and GDP growth was negative in 1998 except Taiwan;
unemployment rates rose markedly in 1998 and had not fallen back
to pre-1998 levels by 2006 for most study countries, indicating that
impact of the crisis on the labour market lasted longer than its
impact on the economy. We fitted multiple linear regression
models examining the impact of the economic crisis on suicide
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rates, using the Prais–Winsten iterative process to correct for
serially correlated errors (Prais & Winsten, 1954). To assess the
extent to which the effects of the economic crisis on suicide are
accounted for by the mediating effects of socio-economic variables,
we controlled for the rates of divorce, marriage and unemploy-
ment. The effect of linear time trend was examined in a sensitivity
test by including the calendar year as an independent variable in
the models. Analyses were conducted using Stata version 10.0.

Results

Secular trends in GDP, unemployment, divorce, marriage and
alcohol consumption

Trends in GDP per capita showed an economic downturn for
around one (1998) or two years (1998–1999) in most East/South-
east Asian countries except Thailand, where GDP per capita
resumed the pre-crisis level only after 2002 (Fig. 1). Japan, Hong
Kong, Korea, Singapore and Thailand all experienced a sharp
recession in 1998 (GDP growth �2.0%, �5.5%, �6.9%, �1.4% and
�10.5% respectively), and Taiwan’s economic growth also slowed
down slightly (GDP growth 4.5%, compared with 6.6% in 1997 and
5.7% in 1999). Unemployment rates reached a high of 4.1%, 4.4%,
7.0% and 3.4% respectively in Japan, Hong Kong, Korea and Thailand
in 1998, and did not fall back to their pre-1998 levels between 1998
and 2006, indicating the persistent impact of the economic crisis up
to 2006. Of note, in Japan rises in unemployment preceded the
crisis. In 1998, unemployment rates were relatively low in Taiwan
(2.7%) and Singapore (2.5%). These two countries experienced
another economic recession in 2001, with a slowing-down in GDP
growth and a marked rise in unemployment. During the study
period, divorce rates increased in all countries, particularly since
the late 1990s. In contrast, trends in marriage rates varied across
the countries studied. For alcohol consumption, available data for
Japan, Korea, Taiwan and Singapore showed static or slightly
upward trends during the study period and no marked change after
the crisis (data not shown).

Secular trends in suicide rates: Graphical approach and joinpoint
regression analyses

Fig. 2 shows age-standardised suicide rates by sex for each
country with the modelled location of join points and line
segments from joinpoint regression. During the study period 1985–
2006, Japan had the highest average annual suicide rates per
100,000 population (males: 31.3; females: 12.9) and Thailand had
the lowest (males: 13.7; females: 5.2). Due to differing population
sizes and suicide rates, the burden of suicide varied between
countries; average number of suicides ranged from 25 346 per year
in Japan to 6 095 in Korea, 3 938 in Thailand, 2 291 in Taiwan, 810 in
Hong Kong and 321 in Singapore. The general trends in suicide rates
for men and women were similar in each country.

Table 1 summarises the results of joinpoint regression analyses,
showing the estimated years when the suicide trend changed (join
points, JP) and the annual percent change (APC) in suicide rates
between these join points. All five countries experienced a reduc-
tion in suicide rates in the late 1980s and early 1990s, except for
Korean females. Suicide rates subsequently increased markedly in
the late 1990s, with the exception of Singapore, which had steadily
declining suicide rates throughout the study period. Japan and
Hong Kong experienced an upturn in rates around the time of the
economic crisis in 1997–1998. In Japan, joinpoint regression anal-
yses indicated an upturn in 1996 (95% confidence interval [CI]
1992–2000) for males and 1995 (1992–1996) for females; in Hong
Kong, rates started to increase from 1997 (1987–2000) for males
and 1997 (1995–2000) for females (Table 1). In contrast, the
upturns in Korea and Taiwan predated the crisis: they began in
1989 (1987–1993) amongst Korean men, 1992 (1991–1994)
amongst Taiwanese men and 1992 (1991–1993) amongst Taiwa-
nese women, whereas in Korean women there was a continuously
upward trend throughout the study period. Nevertheless there was
a striking increase in suicide in Korean men and women in 1998,
but this was too short-lived to affect the overall trend lines for the
study period.

Of note, Japan, Hong Kong and Korea all showed a steep increase
in suicide rates directly after the crisis. Compared to 1997, male
rates in 1998 rose by 38.7% (95% CI 35.8–41.7%) in Japan, 44.3%
(26.3–64.9%) in Hong Kong and 44.6% (38.7–50.7%) in Korea. The
corresponding rises in female rates were less strikingdthey were
23.4% (19.4–27.5%) in Japan, 14.1% (�3.8 to 35.2%) in Hong Kong and
25.2% (14.0–21.8%) in Korea. Combining data from these three
countries, compared to 1997 the increases in the number of
suicides were 10, 376 (95% CI 8, 759–11, 273) in 1998. Changes in
suicide rates in Thailand should be interpreted with caution due to
data errors in 1994 and 1997 (Thomyangkoon et al., 2005). Never-
theless, male suicides rates rose by 19.1% (15.9–22.4%) from a mean
rate of 14.6 per 100,000 in 1995–1996 to 17.4 per 100,000 in 1998–
1999, whereas female rates remained stable (5.0 per 100,000 in
1995–1996 and 4.9 per 100,000 in 1998–1999). It is noteworthy
that whilst the rise in suicide rates in Japan was similar to that seen
in Korea and Hong Kong, changes in the Japanese economic indi-
cators (GDP per capita, unemployment) appeared much less
striking than in the latter two countries (see Fig. 1).

In a sensitivity analysis we repeated the joinpoint models using
the combined endpoint of both suicide and undetermined deaths.
Results were consistent with those based on suicides only, indi-
cating that the likely underestimation of suicide mortality did not
impact on our findings. A minor difference in findings was that the
joinpoint regression analysis including undetermined deaths failed
to detect the changes in trend around 1997–1998 in Japanese
females and the upturn around 1990 in Korean men. In another
joinpoint regression analysis of suicide rates alone, changes in
Korean trends around 1997–1998 were shown when the maximum
number of join point was allowed to be four instead of three.

Fig. 3 shows the age-specific suicide rates and their trends
derived from the joinpoint regression analyses. In all but one of the
five countries, older adults (65þ year olds) tended to have the
highest suicide rates; the exception was Japan, where suicide
mortality in middle-aged men (35–64 year olds) exceeded that in
older adults after the economic crisis. In Japan and Hong Kong,
middle-aged men and women demonstrated an upturn in suicide
rates around the time of the economic crisis, and similar upturns
were observed in older men and women in Japan, young females
(15–34 year olds) in Korea, young males in Taiwan and middle-aged
females in Singapore. In Japan, Hong Kong and Korea, relative rises
in male rates between 1997 and 1998 appeared to be higher in
young and middle-aged men (from 32.7% [95% CI 23.6–42.2%] in
15–34 year olds to 59.0% [50.7–67.8%] in 35–64 year olds in Korea)
than those in older men (from 27.2% [13.4–42.7%] in Korea to 37.2%
[6.6–76.6%] in Hong Kong), suggesting greater sensitivity to the
crisis effect amongst working-age men. These findings changed
little when we used different age groups (15–24, 25–44, 45–64 and
65þ year olds), except that the youngest group (15–24 year olds) in
Korean and Taiwanese men both showed a rise in rates around
1997–1998 (data not shown).

Time-series analyses (Prais–Winsten regression)

Table 2 shows the results of regression analyses examining the
impact of the economic crisis on male suicides for the three defined
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eight years in Thailand), with line segments from joinpoint regression models and vertical bars indicating the 95% confidence intervals of suicide rates.
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crisis periods. Regardless of the defined length of the crisis, male
suicide rates during the crisis periods were higher than those in the
non-crisis periods in Japan, Hong Kong and Korea but not in Taiwan
or Singapore. The differences appeared to remain about the same in
Japan, Hong Kong and Korea after controlling for changes in divorce
and marriage rates. When further controlling for unemployment,
the differences did not change much in Japan but were abolished in
Hong Kong and Korea, suggesting that some of the impact of the
crisis on male suicides were attributable to rises in unemployment
in the latter two countries. The patterns remained the same when
all models were controlled for calendar year.

Results in females were similar to, but less striking than, those in
males (Table 3). Female suicide rates in Japan during the crisis
period were higher than those in the rest of the study period, but
the differences were less evident in Korea and not seen in Hong
Kong. As seen in men, the differences remained the same in Japan
but diminished in Korea when controlling for changes in unem-
ployment rates. There is little evidence for a difference in female
suicide rates between the crisis and the non-crisis periods in
Taiwan and Singapore except some weak evidence of higher rates
in Singapore in 1998 than those in the rest of study period.

Discussion

Main findings

The Asian economic crisis (1997–1998) was associated with a rise
in suicide mortality in some, but not all affected countries. Compared



Table 1
Summary of the annual percent change (APC)a in suicide rates and join points (JP)b for trends in age-standardised suicide rates for population aged 15 or above in five East/
Southeast Asian countries, 1985–2006 (data unavailable for 2006 in Hong Kong).

Segment 1 JP 1 (95% CI) Segment 2 JP 2 (95% CI) Segment 3 JP 3 (95% CI) Segment 4

APC (95% CI) APC (95% CI) APC (95% CI) APC (95% CI)

Japan (3 join points for males and 2 join points for females)
Male �6.9 (�9.7, �4.0) 1990 (1987, 1996) 1.5 (�1.7, 4.8) 1996 (1992, 2000) 13.5 (0.4, 28.3) 1999 (1997, 2004) �0.5 (�2.0, 1.1)
Female �4.3 (�5.2, �3.3) 1995 (1992, 1996) 8.5 (�5.2, 24.2) 1998 (1996, 2001) �0.3 (�1.7, 1.2)

Hong Kong (1 join point for males and females)
Male �0.4 (�2.3, 1.5) 1997 (1987, 2000) 6.1 (3.2, 9.2)
Female �2.6 (�3.9, �1.2) 1997 (1995, 2000) 3.1 (0.8, 5.6)

South Korea (1 join point for males and 0 join point for females)
Male �8.4 (�23.9, 10.2) 1989 (1987, 1993) 7.1 (5.5, 8.7)
Female 6.5 (5.4, 7.5)

Taiwan (1 join point for males and females)
Male �9.8 (�12.3, �7.3) 1992 (1991, 1994) 7.7 (6.8, 8.5)
Female �12.2 (�14.0, �10.4) 1992 (1991, 1993) 5.7 (5.0, 6.4)

Singapore (0 join point for males and females)
Male �2.1 (�2.8, �1.3)
Female �3.6 (�4.6, �2.5)

a APC coefficients are the annual percent changes in suicide rates in the years between the specified join points. Negative coefficients indicate downward trends; positive
coefficients indicate upward trends.

b JPs are years when changes in trends in suicide rates occur.
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to 1997, there were 10,400 (8800–11,300) excess suicides in 1998 in
Japan, Hong Kong and Korea. Some of the crisis’s impact on male
suicides appeared to be mediated through rises in the levels of
unemployment. These patterns were observed in both sexes but were
more marked in men. The rises in suicide mortality between 1997 and
1998 appeared to be more prominent in working-age men (15–
64 year olds) than in retired men (65þ year olds). The crisis did not
appear to affect trends in suicide rates in Taiwan and Singapore, where
the economic crisis had a smaller impact on GDP and unemployment.

Strengths and limitations

To the best of our knowledge this is the first comprehensive
study of the impact of the Asian economic crisis on suicide across
affected countries with available suicide data. This study provided
a unique opportunity to explore the effect of an abrupt large-scale
economic downturn on suicide risk throughout a region where
previous economic growth had been described as miraculous
(Hsiao & Hsiao, 2003). Our findings show that different countries
were affected differently by the economic crisis.

Our study has a number of limitations. Firstly, there may be
differences in the reliability of suicide statistics across countries. We
focused, however, on the changes in trend within each country, rather
than the comparison of rates between countries, and thus our results
were unlikely to be biased by international differences in the reliability
of suicide statistics. Furthermore, the magnitude of the difference in
suicide rates between 1997 and 1998 was large. It is unlikely that
misclassification bias would wholly account for these observed
differences and occur at the same time in different countries. Secondly,
we were unable to investigate the impact of the crisis in all countries in
the region. Suicide data for Thailand, Indonesia, Malaysia, the
Philippines, China, Cambodia, Laos and Vietnam were incomplete or
unavailable for the period studied. However, available data for Thailand
showed that male suicide rates peaked in 1999 after the economic
crisis. Lastly, information on other factors known to be associated with
suicide, such as prevalence of mental illness and substance misuse, was
lacking. The change in Hong Kong’s sovereignty from Britain to the
People’s Republic of China in 1997 might have led to heightened
anxiety and uncertainty and contributed to changes in suicide rates.
Our analyses could not differentiate between the effects of this political
change and the economic crisis in Hong Kong.
Differences between countries

A notable feature of our results is the variable impact of the
economic crisis on suicide trends in different affected countries.
The effect on suicide may have depended on the depth and the
extent of the recession, which varied across the affected countries.
Japan’s economy, after its rapid growth during the 1980s, slowed
down in the early 1990s and was further weakened by the Asian
economic crisis, which led to additional currency depreciation,
bankruptcies and unemployment (Corsettia, Pesenti, & Roubinic,
1999). Hong Kong’s economy during the crisis was also hit by rapid
stock market falls and an abrupt rise in unemployment. Our results
confirm findings in previous studies which showed that suicide
mortality increased markedly during the crisis in Korea (Khang
et al., 2005; Kim et al., 2004). As one of the most affected countries,
Korea received an emergency rescue loan from the International
Monetary Fund (IMF) in December 1997 and suffered from a large
increase in unemployment, decline in household income, and rise
in income inequality during the crisis (Khang et al., 2005). In
contrast, Taiwan and Singapore were both less affected, as shown
by the lesser degree of currency depreciation (Corsettia et al., 1999),
smaller GDP contractions and low absolute rises in unemployment
(Fig. 1). In keeping with this we found little evidence for an impact
of the economic crisis on levels of suicide mortality in these two
countries. However, further research into differences in the impact
of economic downturns on suicide in different societies is needed;
the results of such research will shed light on strategies to offset the
impact of economic recessions on suicide.

Korea and Taiwan both experienced an upward trend in suicide
before the economic crisis in 1997–1998. Past research reported
that rises in unemployment (Chuang & Huang, 2007) and divorce
(Ben Park & Lester, 2006; Chuang & Huang, 2007) preceding the
crisis were likely contributors.

Differences between sexes and age groups

For those countries where an adverse effect of the economic
crisis on suicide was found, the impact on suicide rates in men
tended to be more prominent than in women, a finding compatible
to that seen during the Russian economic crises (Gavrilova et al.,
2000; Men, Brennan, Boffetta, & Zaridze, 2003). However, in Russia
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the gender difference was in part due to the lower contribution of
alcohol consumption to female compared to male suicides
(Wasserman, Varnik, & Eklund, 1998). Available data in East/
Southeast Asia indicated that mean alcohol consumption did not
increase during the economic crisis (Commission for Distilled
Spirits, 2005; World Health Organisation, 2004) and therefore is
unlikely to have made an important contribution to the increases in
suicide mortality. In contrast, increases in unemployment caused
by the economic crisis were reported to be specifically related to
male rather than female suicides when Japan fell into deep reces-
sion (Inoue et al., 2008).

We found some evidence that in Japan, Hong Kong and Korea
working-age men appeared more likely to be affected by the
economic crisis than retired men. Similarly, rises in suicide
mortality during the economic crisis in the early 1990s in Russia
were more prominent in young and middle-aged adults than in the
elderly (Gavrilova et al., 2000). Compared with older people, young
and middle-aged adults are more likely to be directly influenced by
change in economic circumstances such as employment and
income.

Explanations for the impact of the economic crisis on suicide trends

Multiple factors might interactively mediate the link between
the economic crisis and suicide. In keeping with previous studies
(Gunnell, Lopatatzidis, Dorling, Wehner, Southall, & Frankel, 1999;
Morrell, Taylor, Quine, & Kerr, 1993; Platt & Hawton, 2000), our
results suggested that rises in unemployment during the crisis may



Table 2
Prais–Winsten regression: the impact of the economic crisis (with three different defined time periods) on male suicide rates (aged 15þ) in five East/Southeast Asian countries,
1985–2006 (data unavailable for 2006 in Hong Kong).

Coefficient for the economic crisis periodb 1998a 1998–1999a 1998–2006a

b (95% CI) p b (95% CI) p b (95% CI) p

Japan
Crude 5.3 (1.7, 9.0) 0.006 6.2 (2.9, 9.5) 0.001 10.3 (6.9, 13.7) <0.001
Controlling for divorce and marriage rates 5.0 (0.9, 9.1) 0.019 6.7 (3.6, 9.8) <0.001 10.4 (6.0, 14.8) <0.001
Controlling for divorce, marriage and unemployment rates 4.8 (1.6, 8.1) 0.006 5.6 (2.5, 8.6) 0.001 9.3 (4.7, 13.8) 0.001

Hong Kong
Crude 3.5 (�0.5, 7.5) 0.085 3.2 (�0.7, 7.2) 0.105 5.8 (2.2, 9.3) 0.003
Controlling for divorce and marriage rates 2.4 (�2.2, 6.9) 0.29 1.7 (�2.9, 6.2) 0.44 6.8 (0.9, 12.7) 0.027
Controlling for divorce, marriage and unemployment rates 0.8 (�3.0, 4.7) 0.65 �1.0 (�3.5, 1.5) 0.40 �0.1 (�4.0, 3.8) 0.97

South Korea
Crude 9.3 (4.6, 14.0) 0.001 7.2 (1.6, 12.7) 0.014 12.8 (5.9, 19.6) 0.001
Controlling for divorce and marriage rates 7.6 (2.6, 12.6) 0.005 6.8 (1.6, 11.9) 0.013 9.1 (1.0, 17.2) 0.030
Controlling for divorce, marriage and unemployment rates 4.6 (�1.8, 10.9) 0.15 0.8 (�11.5, 13.2) 0.89 �0.3 (�14.4, 13.7) 0.96

Taiwan
Crude �0.7 (�3.7, 2.4) 0.66 �0.7 (�3.7, 2.4) 0.65 �1.5 (�5.8, 2.8) 0.48
Controlling for divorce and marriage rates 1.0 (�2.7, 4.6) 0.58 �0.6 (�4.1, 2.9) 0.71 1.0 (�4.2, 6.3) 0.68
Controlling for divorce, marriage and unemployment rates 1.5 (�1.4, 4.4) 0.29 1.0 (�1.6, 3.6) 0.42 3.2 (�1.0, 7.4) 0.12

Singapore
Crude 0.8 (�3.6, 5.1) 0.72 �0.3 (�4.6, 4.0) 0.89 �3.3 (�6.8, 0.2) 0.063
Controlling for divorce and marriage rates 2.6 (�2.6, 7.8) 0.31 0.5 (�3.1, 4.2) 0.77 �0.4 (�3.5, 2.8) 0.82
Controlling for divorce, marriage and unemployment rates 2.6 (�2.7, 8.0) 0.32 0.5 (�3.3, 4.3) 0.78 �0.7 (�4.7, 3.3) 0.72

a Time periods for the economic crisis.
b Coefficients indicate differences in mean suicide rates per 100,000 between crisis periods and other years during the study period.

S.-S. Chang et al. / Social Science & Medicine 68 (2009) 1322–1331 1329
play an important role. It may seem circular to examine unem-
ployment as a mediator for the period 1998–2006 when unem-
ployment was used to define the crisis period. However, findings
for the period 1998–2006 were consistent with those for 1998 only
and 1998–1999, which were both defined by observing trends in
GDP, without referring to changes in unemployment rates.

Stress caused by unemployment and financial problems may
lead to depression, a widely documented antecedent of suicide. A
survey during the post-crisis period in Korea showed that unem-
ployment and low income were both predictors of depression (Kim
Table 3
Prais–Winsten regression: the impact of the economic crisis (with three different defin
countries, 1985–2006 (data unavailable for 2006 in Hong Kong).

Coefficient for the economic crisis periodb 1998a

b (95% CI)

Japan
Crude 1.7 (0.4, 2.9)
Controlling for divorce and marriage rates 1.5 (0.2, 2.9)
Controlling for divorce, marriage and unemployment rates 1.6 (0.3, 2.8)

Hong Kong
Crude 0.1 (�2.3, 2.5)
Controlling for divorce and marriage rates 0.2 (�2.5, 2.8)
Controlling for divorce, marriage and unemployment rates 0.0 (�2.5, 2.6)

South Korea
Crude 2.0 (0.0, 4.1)
Controlling for divorce and marriage rates 1.8 (�0.5, 4.1)
Controlling for divorce, marriage and unemployment rates 1.1 (�2, 4.1)

Taiwan
Crude 0.1 (�1.6, 1.8)
Controlling for divorce and marriage rates 0.2 (�2.0, 2.4)
Controlling for divorce, marriage and unemployment rates 0.4 (�1.7, 2.6)

Singapore
Crude 3.0 (�0.2, 6.2)
Controlling for divorce and marriage rates 3.7 (0.0, 7.4)
Controlling for divorce, marriage and unemployment rates 3.7 (�0.1, 7.6)

a Time periods for the economic crisis.
b Coefficients indicate differences in mean suicide rates per 100,000 between crisis pe
et al., 2005), a finding which might help understand the pathways
that connect macro-economic recession and individual suicides.
Furthermore, unemployment itself may contribute to suicide
independently of psychiatric illness (Chen et al., 2006). Indeed,
a recent prospective study investigating factors associated with the
incidence of suicidal thoughts found that recent unemployment
was associated with an almost four fold increase in risk (Gunnell,
Harbord, Singleton, Jenkins, & Lewis, 2004). However, a study in
Finland showed that as suicide mortality declined during the
early 1990sda period associated with three-fold increases in
ed time periods) on female suicide rates (aged 15þ) in five East/Southeast Asian

1998–1999a 1998–2006a

p b (95% CI) p b (95% CI) p

0.010 1.7 (0.4, 2.9) 0.010 2.9 (1.3, 4.5) 0.001
0.025 1.7 (0.5, 3.0) 0.009 2.7 (0.8, 4.5) 0.008
0.018 1.8 (0.4, 3.1) 0.015 2.7 (0.5, 4.8) 0.018

0.94 �0.4 (�2.6, 1.9) 0.73 0.2 (�1.8, 2.2) 0.83
0.90 0.1 (�2.3, 2.4) 0.96 3.3 (1.3, 5.3) 0.003
0.99 0.0 (�1.8, 1.7) 0.98 2.2 (�0.1, 4.6) 0.064

0.053 1.7 (�0.5, 3.8) 0.12 2.8 (�0.2, 5.8) 0.070
0.12 1.6 (�0.6, 3.9) 0.15 2.2 (�1.3, 5.7) 0.21
0.47 1.1 (�4.6, 6.8) 0.68 �2.5 (�9.7, 4.8) 0.48

0.90 �0.5 (�2.2, 1.2) 0.58 0.0 (�2.4, 2.3) 0.97
0.86 �0.5 (�2.3, 1.4) 0.61 �0.1 (�3.1, 3.0) 0.97
0.69 �0.4 (�2.3, 1.5) 0.68 0.3 (�2.8, 3.5) 0.82

0.062 0.2 (�3.3, 3.8) 0.90 0.7 (�3.7, 5.2) 0.74
0.048 0.6 (�2.6, 3.9) 0.69 0.3 (�3.0, 3.6) 0.85
0.056 0.7 (�2.7, 4.1) 0.68 0.5 (�3.3, 4.3) 0.78

riods and other years during the study period.
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unemploymentdit was felt that declines in suicide were most
strongly related to reductions in alcohol consumption (Hintikka
et al., 1999). Similarly, rises in suicide rates in the Russian economic
crisis in 1998 were attributed in part to increases in alcohol
consumption (Men et al., 2003). The difference in findings between
the Finnish and Russian studies and our study might result from the
differences in drinking culture, the extent of the economic crises,
the integrity of social safety net (Khang et al., 2005), or attitudes
towards unemployment (Yip & Ng, 2002).

Our regression analyses show that some of the rises in suicide at
the time of the crisis in Hong Kong and Korea could be attributed to
rises in unemployment, whereas Japan’s rise in suicide appeared to
be independent of changes in unemployment. This finding is in
keeping with the observation that the crisis led to an abrupt rise in
the level of unemployment in Hong Kong and Korea, but not Japan
(Fig. 1). Japan experienced a steady rise in unemployment that
began in the early 1990s, thus predating the crisis by around seven
years. However, rises in suicide rates in Japan following the
economic crisis might also have been affected by rise in unem-
ployment, but this could not be seen in our data. One possibility is
that Japanese unemployment statistics following the crisis might
have underestimated the true burden of unemployment when the
labour market became more flexible under corporate restructuring
(Taniguchi & Breen, 2007). Another possibility is that there was an
abrupt rise in unemployment during the first few months of the
crisis (Naito, 2007) but this rise was short-lived and not seen in
Japan’s annual unemployment estimates. Furthermore, rises in
unemployment rates following the economic crisis in Japan were
slightly more marked in males than in females (Inoue et al., 2008),
and our data, which were total unemployment rates, could not
reveal the correspondence between rises in male suicides and male
unemployment rates. Alternatively, Japan might have responded to
the economic crisis differently from other countries with a partic-
ularly steep rise in suicide. Explanations include a rather permissive
attitude toward suicide in Japanese society which puts the
working-age men at particularly increased risk during recession
(McCurry, 2008). Japanese businessmen used to have a strong bond
to the company, akin to the ancient samurais’ loyalty to their lords.
They were severely challenged when becoming the target of
corporate restructuring following the economic crisis and might
feel betrayed by the company (Takei, Kawai, & Mori, 2000). Indeed,
Japanese suicide rates reached a post-war peak in 1998 (Shiho et al.,
2005).

A further influence on recent suicide trends since 1999 in some
parts of the Asian region has been the epidemic of suicide by carbon
monoxide poisoning using charcoal burning (Yip & Lee, 2007). This
emerging epidemic is thought to be related to the extensive media
coverage of a female suicide using this novel method in November
1998 in Hong Kong. We have estimated the possible impact of these
deaths on suicide mortality trends based on deaths coded as suicide
by non-domestic gases poisoning (E952 in ICD-9 and X67 in ICD-
10) (Liu et al., 2007). By 2005 suicides coded as E952/X67 accounted
for as many as 14.8% of all suicides in Japan, 19.9% in Hong Kong and
29.3% in Taiwan, but they were very uncommon before 1999din
1998, they accounted for only 5.1% of Japanese, 0.3% of Korean, 1.2%
of Taiwanese and 1.8% (Yip & Lee, 2007) of Hong Kong’s suicides.
Therefore, the abrupt increases (14–45%) in suicide mortality
around the time of the economic crisis in 1997–1998 could not be
a direct result of the increases in suicide by this new method.

Conclusions

Our findings are in accordance with Durkheim’s description of
the impact of economic crises on suicide (Durkheim, 1952). In the
Asian economic crisis, the expectation of continuous growth based
on many years of previous remarkable economic performance was
severely challenged. The crisis was associated with an excess of
around 10,000 suicides in Japan, Hong Kong and Korea. Amongst
conventional socio-economic variables related to the variations in
national suicide rates, changes in unemployment rates were most
closely associated with the rises in suicide after the Asian economic
crisis. In countries where an adverse impact of the crisis on suicide
was seen, working-age men were mostly affected. Facing the
economic crisis and its adverse social consequences, the buffering
capacity of East/Southeast Asian societies was challenged. Our
findings highlight the importance of social and economic policy
measures in designing a comprehensive strategy for suicide
prevention during economic turmoil.
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