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Abstract

Background: An epidemic of carbon monoxide poisoning suicide by burning barbecue charcoal has occurred in East Asia in
the last decade. We investigated the spatial and temporal evolution of the epidemic to assess its impact on the
epidemiology of suicide in Taiwan.

Methods and Findings: Age-standardised rates of suicide and undetermined death by charcoal burning were mapped
across townships (median population aged 15 y or over=27,000) in Taiwan for the periods 1999-2001, 2002-2004, and
2005-2007. Smoothed standardised mortality ratios of charcoal-burning and non-charcoal-burning suicide and
undetermined death across townships were estimated using Bayesian hierarchical models. Trends in overall and
method-specific rates were compared between urban and rural areas for the period 1991-2007. The epidemic of charcoal-
burning suicide in Taiwan emerged more prominently in urban than rural areas, without a single point of origin, and rates of
charcoal-burning suicide remained highest in the metropolitan regions throughout the epidemic. The rural excess in overall
suicide rates prior to 1998 diminished as rates of charcoal-burning suicide increased to a greater extent in urban than rural
areas.

Conclusions: The charcoal-burning epidemic has altered the geography of suicide in Taiwan. The observed pattern and its
changes in the past decade suggest that widespread media coverage of this suicide method and easy access to barbecue
charcoal may have contributed to the epidemic. Prevention strategies targeted at these factors, such as introducing and
enforcing guidelines on media reporting and restricting access to charcoal, may help tackle the increase of charcoal-burning
suicides.
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Introduction

The last decade has witnessed an epidemic of suicides by
burning charcoal in some Asian countries [1]. The first widely
publicised victim died in Hong Kong in November 1998 [1,2].
She burnt barbecue charcoal in a sealed room to produce high
levels of lethal carbon monoxide. Within 5 y this novel method
had become the second most commonly used method of suicide in
Hong Kong and Taiwan and may have contributed to the rise in
overall suicide rates seen in these countries [3,4]. The rise in use of
this method was thought to be triggered by extensive media
coverage, which vividly portrayed charcoal burning as an effective,
painless, and peaceful way of ending one’s life [1,3,5]. The new
suicide method spread beyond country boundaries [1,3]; cases
have been reported in other parts of Asia including Macau, Japan
[1], and Korea [6], and elsewhere in the world [7]. The
geographic pattern of the epidemic has not been systematically
investigated, although there appears to be an urban-rural
difference in incidence in Taiwan [3,8]. To the best of our
knowledge no previous studies have investigated the spatial and
temporal pattern of the emergence of a new suicide method.

Different forms of space-time clustering of suicide have been
identified in the literature [9]. “Local” clustering refers to
occurrences of suicides that group in both space and time: this
has been observed mainly in institutional settings such as hospitals,
school, or prisons, where victims may be in social contact with
each other. Clustering in time more than place is usually
associated with media coverage of events such as celebrity suicides
that lead to “imitative” suicides [9]. In the case of the charcoal-
burning suicide epidemic, where the media influence is thought to
be widespread [1,3], one might predict that there would be little
geographic clustering. Alternatively, it is possible that media
exposure varies regionally and people living in different areas
differ in their susceptibility to media influence; such differences
may lead to variation in rates between areas [10]. An improved
understanding of the spatial and temporal patterning of charcoal-
burning suicide may help identify factors contributing to the
epidemic, and thus inform prevention.

This study aimed to investigate the evolution of the epidemic of
charcoal-burning suicide over time and across areas in Taiwan, a
country with a population of 23 million and large geographic
variation in urbanisation. We compared the spatial patterning of
charcoal-burning suicides with that of suicides using other
methods, and examined the impact of charcoal-burning suicides
on secular trends in rural-urban difference in suicide.

Methods

Data

Electronic mortality data files for suicides and undetermined
deaths (International Classification of Diseases [ICD-9] codes
E950-E959 and E980-E989) in the period 1991-2007 were
provided by the Department of Health, Taiwan. Past research
shows that suicide mortality is often underestimated and the most
commonly assigned cause of death for “missed” suicides is death of
undetermined intent (“undetermined death”) [11,12]. A previous
study in Taiwan showed that, in addition to undetermined deaths,
deaths certified as accident by pesticide poisoning (ICD-9 code
E863) and suffocation (ICD-9 code E913) might also contain
“missed” suicides [13], and thus we included these deaths in
sensitivity analyses. There is no specific code for charcoal-burning
suicide in ICD-9 and therefore cases were identified using the
codes E952/FE982 (suicide or undetermined death by poisoning
using nondomestic gas). A previous study showed that up to 90%
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of deaths in Taiwan in these categories were charcoal-burning
cases: the rest were mostly suicides by car exhaust poisoning [14].
For simplicity of presentation, we referred to deaths coded as
E952/E982 as “charcoal-burning suicides” throughout the paper.
Suicides and undetermined deaths coded other than E952/E982
were analysed as “non-charcoal-burning” cases.

Mid-year population data for each of the 358 Taiwanese
townships (median population aged 15 y or over: approximately
27,000) in each year were obtained from the Demographic
Yearbook published by the Ministry of the Interior, Taiwan.
Deaths were assigned to each township according to the registered
address of residence on the death certificate. We categorised each
township as rural or urban on the basis of the urbanisation index
developed by the National Health Research Institute, Taiwan
[15]. This index was derived from a cluster analysis using data for
the year 2000 on five indicators: population density, percentage of
population with college or greater educational levels, percentage of
population aged 65 y or over, percentage of population working in
agriculture, and density of physicians per 100,000 people.
Townships are grouped into seven urbanisation levels, with level
1 as the most urban and level 7 as the least (Figure 1A). We
categorised townships in levels 1-3 (126 townships, 73% of the
population) as urban and those in levels 4-7 (232 townships, 27%
of the population) as rural (Figure 1B), in accordance with official
statistics that 77% of the residents lived in urban areas in 2000
[16]. Most of the western, plain areas of Taiwan are categorised as
urban, with three major metropolitan regions: one in the north
(centred around the capital Taipei city), one in the middle (around
Taichung city), and one in the south of Taiwan (around Tainan
and Kaohsiung cities). Eastern Taiwan is mostly rural and
mountainous, with one major city (Hualien city).

Data Analysis

To investigate changes in spatial patterning over time, sex-
specific age-standardised rates of suicide and undetermined death
by charcoal burning for each township in the periods 19992001,
2002-2004, and 2005-2007 were calculated using the world
standard population and mapped. Overall and charcoal-burning—
specific rates of suicide as well as the proportions of charcoal-
burning suicide were also calculated for each category of
urbanisation in men and women during the three time periods.
Moran’s [ statistic was used to test for spatial clustering/
autocorrelation. /=0 indicates no autocorrelation, whilst /=1
suggests strong spatial autocorrelation (i.c., areas with high rates
tend to be proximal to other areas with high rates, and areas with
low rates to other areas with low rates). The package GeoDa was
used to calculate [ statistics, allowing for instability of rates due to
small numbers of deaths [17,18]. The p-values for [ statistics were
derived from a permutation test.

We calculated standardised mortality ratios (SMRs: the ratio of
the observed to expected number of deaths) for each township
using data for 1999-2007. Expected deaths were calculated by
multiplying the national sex- and age-specific suicide rates (in 5-y
age-bands) by the corresponding sex- and age-specific population-
years at risk in each township. In areas with small populations the
small number of deaths can result in unreliable rate estimates.
Therefore Bayesian hierarchical Poisson regression models were
used to estimate smoothed SMRs for each township, allowing for
“global” between-area variability and “local” variability owing to
spatial autocorrelation (i.e., neighbouring areas tend to have more
similar rates) [19-21]. In the study, “neighbours” were defined as
the sets of townships that share a border. In models specifying only
global variability, the “globally” smoothed SMR is estimated as a
weighted average of the observed value and the national mean: the
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Figure 1. Maps of Taiwanese townships by urbanisation level, 2000. (A) urbanisation levels 1-7; (B) urban (levels 1-3) versus rural (levels 4-7).
Five cities are highlighted, including four cities located in the centres of three major metropolitan areas in the north (the capital Taipei city), middle
(Taichung city), and south (Tainan and Kaohsiung cities) and one major city in the east (Hualien city).

doi:10.1371/journal.pmed.1000212.g001

greater the uncertainty in estimating the area SMRs (in sparsely
populated regions), the greater the degree of smoothing towards the
national mean. In models specifying only local variability, the
“locally”” smoothed SMR is a weighted average of the observed
SMR and the SMRs in neighbouring areas; the greater unreliability
in estimating the SMRs, the higher degree of smoothing towards the
local mean. Models specifying both global and local variability
(convolution models) allow estimation of the relative contribution of
each component to the total variability [22].

Smoothed SMRs were estimated using the Markov chain Monte
Carlo methods [23] implemented in WinBUGS version 1.4. The
built-in conditional autoregressive distribution was used to smooth
SMRs towards the local mean [24]. Vague prior distributions were
used. Convergence was assessed using the Gelman-Rubin statistic
[25], on the basis of four parallel chains, and models were compared
on the basis of the deviance information criterion (DIC).

Mapping

Smoothed SMRs for suicide and undetermined death by
charcoal burning and by other methods were mapped separately,
using five category breaks and a divergent red—blue colour scheme
[26]. The chosen categories were symmetrical on the logarithmic
scale around the middle category (i.e., SMRs of 0.9-1.1) and
presented in red with varying lightness for those higher than the
middle category, blue for those lower than the middle category,
and white for those that belong to the middle category. Five
categories were used because past research suggests that people are
able to interpret small maps (sized one-quarter of a standard page)
better when five shades of colour are used [26]. ArcGIS Version
9.3 was used to produce the maps. In a sensitivity analysis, we
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analysed data for people aged 2544 y only, as this age group has a
higher risk of charcoal-burning suicide than others [3,8,27].

Secular trends in overall and method-specific (charcoal-burning
versus non-charcoal-burning) rates for suicide and undetermined
deaths for the period 1991-2007 were examined graphically and
compared between rural and urban areas in Taiwan.

Results

Of 53,440 suicides and undetermined deaths in the period
1991-2007, 6,911 (12.9%) were by charcoal burning or other
nondomestic gas. The proportion increased from 0.1% in 1991 to
26.6% in 2007. The first charcoal-burning case occurred in Hong
Kong in November 1998; during the period 1999-2007, 6,822
(18.7%) of 36,480 suicides and undetermined deaths were by
charcoal burning or other nondomestic gas in Taiwan.

The Emergence of the Epidemic of Charcoal-Burning
Suicide over Time and across Areas

Figure 2 shows the maps of raw (unsmoothed) age-standardised
rates of charcoal-burning suicide in males and females, for the
periods 1999-2001, 2002-2004, and 2005-2007. In the early
years of the epidemic (1999-2001), charcoal-burning suicides were
mainly seen in West Taiwan, mostly but not entirely in urban
areas. There was no evidence for a single geographic point of
origin for the epidemic. High rates were also seen in a few rural,
mountainous townships, but because their populations were small,
a small excess of deaths could lead to extreme estimates of rates. In
2005-2007 charcoal-burning suicides were seen in most areas in
Taiwan except some of the eastern, rural townships.
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Figure 2. Maps of (unsmoothed) age-standardised rates of suicide (including registered suicide and undetermined death) by
charcoal burning across 358 townships in Taiwan, 1999-2001, 2002-2004, and 2005-2007, with five major cities highlighted. (A)

Males; (B) females.
doi:10.1371/journal.pmed.1000212.g002

Rates of charcoal-burning suicide were consistently higher in
areas with higher levels of urbanisation and higher in men than
women throughout the epidemic (Table 1). Overall, there was an
urban-rural gradient in both rates and the proportions of charcoal-
burning suicide from the early to the most recent years of the
epidemic. In women, rates in areas with urbanisation level 5 were
low; this category contained the smallest population amongst all
levels (2.3% of total population) and thus estimates were unstable.

Spatial Patterning: Charcoal-Burning Versus
Non-Charcoal-Burning Suicides

Figure 3 shows the globally and locally smoothed maps of suicides
and undetermined deaths by charcoal burning and other methods,
for males and females, in the years 1999-2007. There were 4-fold
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(males) and 10-fold (females) differences in smoothed SMRs for
charcoal-burning suicide. Smoothed SMRs ranged from 0.39 to
1.70 (90% range 0.57-1.26) in men and 0.16 to 2.05 (90% range
0.68-1.26) in women. The maps displayed clear evidence of spatial
patterning that was similar in men and women; high SMRs for
charcoal burning suicides were seen in all three major metropolitan
regions of West Taiwan, with the capital Taipei city being
somewhat spared, and in the only city of East Taiwan (Hualien).
On the basis of the deviance information criterion (DIC), the models
accounting for both the global and local variability across areas
showed better goodness of fit than models accounting for global
variability only, and at least equal fit in comparison to models
accounting for local variability only. Therefore we presented the
maps of SMRs smoothed both globally and locally here. The

January 2010 | Volume 7 | Issue 1 | 1000212



Charcoal-Burning Suicide in Taiwan

models estimated that 89.2% (95% credible interval [Crl] 74.9%—
97.4%) of the total area variability in male charcoal-burning
suicides could be attributed to the local component, and the
corresponding figure for females was 85.0% (95% Crl 59.6%—
97.4%), indicating that local characteristics contributed to the
majority of the variability of SMRs across townships. Moran’s /
statistics showed evidence of spatial autocorrelation (£ 0.31
[p=0.001] for males, 0.11 [p=0.004] for females).

The spatial patterning of charcoal-burning suicide was little
changed when data on deaths aged 25-44 y only were analysed
(unpublished data). Analyses on data excluding undetermined
deaths also showed similar patterns, except that high SMRs in the
middle metropolitan area were less evident (unpublished data).
When including accidental deaths from pesticide poisoning and
suffocation, the spatial patterns of non-charcoal-burning suicides
remained generally the same (unpublished data). Spatial patterns of
unsmoothed SMRs were broadly similar to those in the smoothed
maps, but the patterns were less clearly displayed because there
were no charcoal-burning suicides in many townships (35/358
[9.8%] in men, 101/358 [28.2%] in women) (unpublished data).

Smoothed SMRs for non-charcoal-burning suicides showed less
between-area variability than those for charcoal-burning suicides:
they ranged from 0.53-1.89 in men (90% range 0.83-1.52) and from
0.70-1.75 in women (90% range 0.86—1.38). Non-charcoal-burning
suicides had a completely different spatial distribution compared
with charcoal-burning suicides (Figure 3). Rural areas in East
Taiwan had higher smoothed SMRs than the western, urban areas.

Secular Trends in Rural-Urban Difference in Suicide
Figure 4 shows secular trends in rates of overall, charcoal-burning

and non-charcoal-burning suicide and undetermined death (3-y

moving averages) for the period 1991-2007 in urban and rural areas

@ PLoS Medicine | www.plosmedicine.org

Table 1. Age-standardised rates for all suicides and charcoal-burning suicides and the proportions of charcoal-burning suicide
(with 95% confidence intervals) in Taiwan by sex, time period (1999-2001, 2002-2004, 2005-2007), and urbanisation level.
Urbanisation
Level 1999-2001 2002-2004 2005-2007

Proportion of Proportion of Proportion of

Rate CB Suicide Rate CB Suicide Rate CB Suicide
All Suicides CB Suicides All Suicides CB Suicides All Suicides  CB Suicides

Male
1 (Most urban) 213 13 6.1 (49-7.7) 27.2 6.6 243 (218-27.1) 315 114 36.1 (33.1-39.3)
2 23.1 13 55 (44-6.7) 296 64 217 (197-239) 325 109 335 (31.1-36.2)
3 26.1 14 52 (4.1-6.6) 30.8 6.2 202 (180-22.7) 381 13 29.8 (27.3-32.5)
4 269 13 5.0 (3.8-6.5) 313 5.7 180 (15.8-206) 344 94 272 (24.5-30.3)
5 266 08 32 (15-6.7) 26.7 29 107 (69-166) 369 7.9 215 (16.0-28.7)
6 320 09 2.7 (1.5-4.6) 34.8 29 84 (6.1-11.5) 400 8.1 202 (16.5-24.7)
7 Most rural) 314 07 22 (11-43) 304 3.8 126 (94-168)  37.8 7.3 19.3 (15.6-24.0)
Female
1 (Most urban) 111 02 20 (11-33) 12.8 26 200 (169-23.7)  15.1 42 27.5 (24.0-31.4)
2 126 04 32 (22-45) 14.4 25 17.2 (14.8-200) 158 43 274 (24.5-308)
3 130 03 20 (1.2-34) 15.3 2.0 132 (108-162) 156 39 253 (21.9-29.3)
4 129 02 1.5 (0.7-3.0) 14.3 2.0 143 (114-180) 157 33 207 (17.2-24.8)
5 145 0 — 12,9 0.9 66 (27-162) 155 09 5.8 (2.4-14.4)
6 16.2 03 1.7 (0.5-5.3) 17.3 1.2 7.0 (4.0-12.2) 16.2 26 15.9 (10.7-23.6)
7 (Most rural) 143 02 1.1 (03-4.4) 15.1 1.6 106 (65-172)  17.3 3.0 17.3 (12.1-24.7)
CB, charcoal-burning.
doi:10.1371/journal.pmed.1000212.t001

of Taiwan, separately for males and females. Overall suicide rates
increased throughout the period, but rural-urban differences
changed over time (Figure 4A). In the early 1990s overall suicide
rates were higher in rural than urban areas; the differences widened
in the mid-1990s in men but narrowed markedly after 2000 in both
men and women. The rural-urban difference reached its peak in
men in the years 1996-1998, when it was 6.7 (95% confidence
interval [CI] 5.1-8.4) per 100,000; the corresponding figure in
women was 1.6 (0.4-2.8) per 100,000. However, by 2004-2006 the
rural-urban differences had almost disappeared (0.9 [—0.9 to 2.8]
per 100,000 men and 0.6 [—0.7 to 1.8] per 100,000 women).

The reduction in rural-urban differences in overall suicide rates was
largely attributable to the disproportionately greater rise in charcoal-
burning suicide in urban than rural areas (Figure 4B), whilst the rural—
urban differences in non-charcoal-burning suicide persisted throughout
the study period (Figure 4C). Rates of non-charcoal-burning suicide
increased during the 1990s but stabilised after 1998, when the epidemic
of charcoal-burning suicide emerged. The patterns were little changed
when excluding undetermined deaths or including accidents by
pesticide poisoning and suffocation (unpublished data).

Discussion

The recent epidemic of suicide by charcoal burning in Taiwan
showed a distinct spatiotemporal pattern in its emergence. The
epidemic emerged more prominently in urban areas and there was
no evidence for a single geographic area of origin. Rates of
charcoal-burning suicide were consistently higher in the metro-
politan and city regions than in rural areas. The reduction in
rural-urban differences in overall suicide rates since around 2000
appeared to be attributable to the epidemic of charcoal-burning
suicide that emerged to a greater extent in urban than rural areas.
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doi:10.1371/journal.pmed.1000212.g003

Strengths and Limitations

This study 1s, to our knowledge, the first national investigation of
the geographic patterning of a major epidemic of suicide. The
availability of township-level data allowed a detailed investigation of
the geographic distribution of the epidemic across small areas. We

@ PLoS Medicine | www.plosmedicine.org

used Bayesian hierarchical models to estimate smoothed SMRs
allowing for both global and local variability, and hence to tackle the
problem that estimates of SMRs are imprecise in areas with small
populations. However our study has a number of limitations.

Not all suicides in Taiwan with ICD-9 codes E952/E982 are
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charcoal-burning suicides: a proportion will be from poisoning using
other sources of nondomestic gas such as car exhaust fumes.
However, data for 2002 indicate that only 10% of E952/E982 cases
died from car exhaust gassing [14], although this proportion
may have changed over time and thus affected the estimated
contribution of charcoal-burning suicide to suicide rates by non-
domestic gas poisoning. Not all undetermined deaths will be suicides
[13], but the sensitivity analyses on recorded suicides alone gave
similar results. The measurement of urbanisation is complex. Our
indicator is the one used by the Taiwanese government and is a
synthesis of previously agreed measures [15].

Possible Explanations for the Spatial Patterning of
Charcoal-Burning Suicide

The epidemic of charcoal-burning suicide in Taiwan appeared
to begin in mainly West Taiwan. The lack of a single area of origin
is compatible with a diffuse geographic effect of media publicity
and imitation [9]. Furthermore, throughout the epidemic high
rates appeared to cluster in major metropolitan and city regions.
This clustering indicates that the effect of media was greater in
urban areas or that the method was more easily available/easier
to implement in these areas. The urban environment (e.g., higher
levels of media exposure and easy access to barbecue charcoals [1])

@ PLoS Medicine | www.plosmedicine.org

or certain characteristics of the vulnerable population living in
cities (e.g., rapid acquisition of knowledge and accepting attitude
towards a new suicide method [3]) may have contributed to the
observed geographic distribution.

The stories of charcoal-burning suicide in television news,
newspapers, and Internet articles may have triggered imitative
suicides that occurred across geographic boundaries [3]. It has
been suggested that the sensational coverage of charcoal-burning
suicides and the detailed portrayal of the method by media may
have contributed to the epidemic in Hong Kong [1,5]. A study of
suicide attempters using charcoal burning in Hong Kong showed
that nearly all survivors learnt of the method from the newspaper
[5]. The first charcoal-burning suicide victim in Taiwan
reportedly gained knowledge of the method from a Hong Kong
newspaper website [28]. Although there has been no study
investigating the impact of the media’s reporting style on the
development of the epidemic of charcoal-burning suicide in
Taiwan, a recent study shows that Taiwanese media coverage of
a celebrity’s suicide in 2008 was sensational and included details
of the method used (charcoal burning) [29]. Such reporting is
believed to contribute to the risk of imitative suicides; indeed the
study also found that suicide attempters using the same method
as the celebrity’s suicide (charcoal burning) were more likely to
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report being influenced by the media coverage than those using
other methods [29].

The concentration of charcoal-burning suicides in the major
metropolitan and city areas of Taiwan suggests that the impact of
media may be greatest in these urban regions. The finding of
higher rates of charcoal-burning suicide in urban areas was not an
artefact of higher underlying suicide rates, because the proportions
of charcoal-burning suicide consistently showed an urban-rural
gradient (Table 1). This gradient indicates that vulnerable
populations in urban areas may have adopted the new suicide
method more readily than their rural counterparts. Residents
living in urban regions may be exposed to the television or
newspaper reporting more frequently than those living in rural
areas. For example, in the capital Taipei city, 92% and 66% of
households were regular consumers of cable TV and newspapers,
respectively, in 2000; the corresponding figures for Nantou, a rural
county of central Taiwan, were 63% and 37% [30]. Urban areas
also had easier access to Internet than rural areas: in 2003, a
government report showed that 73% of the households were
connected to Internet cable in Taipei city, compared with 25% in
Nantou county [31].

In Taiwan, barbecue charcoals are mostly sold in supermarkets
or convenience stores, which are mainly located in urban or
suburban areas. Therefore at-risk urban residents may have
easier access to the method than those living in rural areas when
charcoal burning is the choice of suicide method. In Hong Kong,
80% of the charcoal-burning suicides occurred in urban areas
[1]. The urban overrepresentation of charcoal-burning suicides is
thought to be associated with easy access to barbecue charcoals,
which are readily available in supermarkets [1]. Past research in
Taiwan indicates that accessibility to lethal methods is associated
with method-specific suicide rates. At county level, rates of suicide
by solids/liquids poisoning (most of these suicide incidents
involved pesticides) were correlated with the proportion of
agricultural population, an indicator of accessibility to pesticide,
and suicide rates by jumping were correlated with the proportion
of households living in high buildings, an indicator of accessibility
to high places to jump from [32]. Area differences in method-
specific suicide rates were also seen across different countries
in the world [33] and across smaller areas within one
country [34] or region [35]. The differences are thought to be
mainly due to different accessibility to lethal methods of suicide

[33-35].

The Impact of Charcoal-Burning Suicide on Trends in
Rural-Urban Differences

The rural excess in suicide risk prior to the appearance of
charcoal-burning suicides was greatly reduced when the epidemic
emerged more prominently in urban than rural areas of Taiwan.
This trend was in contrast to what occurred in several western
countries in recent decades. In the West, rises in suicide rates,
particularly for males, were greater in rural than urban areas
[36-39], and the rural-urban differences appeared to widen in
some countries [36,39-41]. In England and Wales, unfavourable
trends in suicide for young people generally occurred in areas
remote from main populated centres and the patterns could not be
explained by changes in the lethality of popular suicide methods
[38]. In contrast, our results showed that the area difference in
rates of suicide by charcoal burning in Taiwan had a large impact
on the rural-urban difference in overall suicide rates.

Implications for Suicide Prevention

Taiwan has experienced an upward trend in suicide rates since
the early 1990s. Rises in unemployment may have contributed to
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these increases, although unemployment rates declined after
reaching a peak around 2002 [42,43]. The emergence of
charcoal-burning suicides contributed to recent increases in
suicide rates in Taiwan. In both Hong Kong and Taiwan, the
emergence of charcoal-burning suicides was not accompanied by
corresponding increases in suicides by other methods [3,27].
Furthermore, charcoal-burning suicides showed different sex and
age patterns from those of suicides by other methods [13,27] and
had a distinct geographic distribution, as demonstrated in our
study. These observations suggest that many victims of charcoal-
burning suicide would not otherwise have died by suicide if this
novel method were not available. Prevention measures targeted at
the method may help reverse the recent rises in suicide rates in
Taiwan.

The geographic pattern of the epidemic of charcoal-burning
suicide suggests that media coverage and easy assess to barbecue
charcoal may have contributed to the epidemic. A better
understanding of the causes of this epidemic will inform suicide
prevention in Taiwan, particularly in urban areas where risk is
concentrated, and has implications for other countries wishing to
avoid such a public health disaster. Responsible media reporting of
suicide stories, following guidelines that are now readily available
[44,45], may help prevent the spread of a new suicide method.
Restricting the access to barbecue charcoals, particularly in urban
areas of Taiwan, with measures such as placing charcoal bags
behind supermarket counters or banning the sale in convenience
stores may also help offset the unfavourable trends [1,5].
Responsible media reporting is essential to prevent the spread of
a new suicide method with high lethality such as charcoal burning
in regions where this suicide method is not yet widely known [1].
However, in countries like Taiwan where the epidemic of
charcoal-burning suicide is already established, the controls of
environmental factors such as access to barbecue charcoal may be
more effective since it takes time for the perception of this
particular method of suicide to be changed by responsible media
reporting and public education [1]. The distinct spatiotemporal
pattern of charcoal-burning suicide in Taiwan shown here has
potential public health implications for comprehensive suicide
prevention strategies.

Supporting Information

Alternative Language Abstract S1 Chinese translation of the
abstract by SSC (traditional Chinese characters).

Found at: doi:10.1371/journal.pmed.1000212.s001 (0.03 MB
DOC)

Alternative Language Abstract $2 Chinese translation of the
abstract by SSC (simplified Chinese characters).

Found at: doi:10.1371/journal.pmed.1000212.s002 (0.03 MB
DOC)

Acknowledgments

The authors thank Jinn-Guey Lay at the Department of Geography,
National Taiwan University, Taiwan, for helping obtain the boundary files
of Taiwanese townships.

Author Contributions

ICMJE criteria for authorship read and met: SSC DG BWW PY JACS.
Agree with the manuscript’s results and conclusions: SSC DG BWW PY
JACS. Designed the experiments/the study: SSC DG BWW JACS.
Analyzed the data: SSC. Collected data/did experiments for the study:
SSC. Wrote the first draft of the paper: SSC. Contributed to the writing of
the paper: SSC DG BWW PY JACS.

January 2010 | Volume 7 | Issue 1 | 1000212



References

1.

2.

20.

21.

22.

24.

Yip PS, Lee DTS (2007) Charcoal-burning suicides and strategies for
prevention. Cirisis 28(Suppl 1): 21-27.

Lee DT, Chan KP, Lee S, Yip PS (2002) Burning charcoal: a novel and
contagious method of suicide in Asia. Arch Gen Psychiatry 59: 293-294.

. Liu KY, Beautrais A, Caine E, Chan K, Chao A, et al. (2007) Charcoal burning

suicides in Hong Kong and urban Taiwan: an illustration of the impact of a
novel suicide method on overall regional rates. ] Epidemiol Community Health
61: 248-253.

. Lin JJ, Lu TH (2008) Suicide mortality trends by sex, age and method in

Taiwan, 1971-2005. BMC Public Health 8: 6.

. Chan KP, Yip PS, Au J, Lee DT (2005) Charcoal-burning suicide in post-

transition Hong Kong. Br J Psychiatry 186: 67-73.

. Huh GY, Jo GR, Kim KH, Ahn YW, Lee SY (2009) Imitative suicide by

burning charcoal in the southeastern region of Korea: the influence of mass
media reporting. Leg Med (Tokyo) 11: S563-S564.

. Patel I (2008) Carbon copy deaths: carbon monoxide gas chamber. J Forensic

Leg Med 15: 398-401.

. Lin JJ, Lu TH (2008) High-risk groups for charcoal-burning suicide in Taiwan,

2001-2005. J Clin Psychiatry 69: 1499-1501.

. Joiner TE (1999) The clustering and contagion of suicide. Curr Dir Psychol Sci

8: 89-92.

. Cantor CH, Baume PJ (1998) Access to methods of suicide: what impact?

Aust N Z J Psychiatry 32: 8-14.

. Linsley KR, Schapira K, Kelly TP (2001) Open verdict v. suicide - importance

to research. Br J Psychiatry 178: 465-468.

. Ohberg A, Lonngvist J (1998) Suicides hidden among undetermined deaths.

Acta Psychiatr Scand 98: 214-218.

. Chang SS, Sterne JA, Lu TH, Gunnell D (2009) ‘Hidden’ suicides amongst

deaths certified as undetermined intent, accident by pesticide poisoning and
accident by suffocation in Taiwan. Soc Psychiatry Psychiatr Epidemiol. In press.

. Lin JJ, Chen LH, Huang SM, Lu TH (2008) Problems in estimating the number

of suicides by charcoal burning in Taiwan. J Epidemiol Community Health 62:

566.

. Liu CY, Hung YT, Chuang YL, Chen YJ, Weng WS, et al. (2006) Incorporating

development stratification of Taiwan townships into sampling design of large
scale health interview survey. J Health Management (Chin) 4: 1-22.

. Construction and Planning Agency, Taiwan (2001) Urban planning. Available:

http://www.cpami.gov.tw/web/index.php?option = com_content&task = view&
id = 1126&Itemid = 75. Accessed 1 May 2009.

. Assuncao RM, Reis EA (1999) A new proposal to adjust Moran’s I for

population density. Stat Med 18: 2147-2162.

. Anselin L, Syabri I, Kho Y (2006) GeoDa: An introduction to spatial data

analysis. Geogr Anal 38: 5-22.

. Clayton D, Kaldor J (1987) Empirical Bayes estimates of age-standardized

relative risks for use in disease mapping. Biometrics 43: 671-681.

Lawson AB, Biggeri AB, Boehning D, Lesaffre E, Viel JF, et al. (2000) Disease
mapping models: an empirical evaluation. Disease Mapping Collaborative
Group. Stat Med 19: 2217-2241.

Middleton N, Sterne JA, Gunnell DJ (2008) An atlas of suicide mortality:
England and Wales, 1988-1994. Health Place 14: 492-506.

Mollie A (2000) Bayesian mapping of Hodgkin’s disease in France. Elliot P,
Wakefield JC, Best NG, Briggs DJ, eds (2000) Spatial epidemiology: methods
and applications. Oxford: Oxford University Press. pp 267-285.

. Gilks WR, Richardson S, Spiegelhalter DJ (1996) Markov chain Monte Carlo in

practice. London: Chapman & Hall.
Thomas A, Best N, Lunn D, Arnold R, Spiegelhalter D (2003) GeoBUGS user
manual, version 1.2. Cambridge: MRC Biostatistics Unit.

@ PLoS Medicine | www.plosmedicine.org

28.

29.

30.

31.

33.

34.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Charcoal-Burning Suicide in Taiwan

. Brooks SP, Gelman A (1998) General methods for monitoring convergence of

iterative simulations. J] Comput Graph Stat 7: 434-455.

. Brewer CA, MacEachren AM, Pickle LW, Herrmann D (1997) Mapping

mortality: evaluating color schemes for choropleth maps. Ann Assoc Am Geogr
87: 411-438.

. Pan Y], Liao S-C, Lee M-B (2009) Suicide by charcoal burning in Taiwan,

1995-2006. J Affect Disord. In press.

Mingpaonews (2000) Under the influence of internet information from Hong
Kong, the first case of charcoal burning suicide emerged in Taiwan.
Mingpaonews.

Chen YY, Tsai PC, Chen PH, Fan CC, Hung GC, et al. (2009) Effect of media
reporting of the suicide of a singer in Taiwan: the case of Ivy Li. Soc Psychiatry
Psychiatr Epidemiol In press.

Directorate-General of Budget Accounting and Statistics, Taiwan (2000)
National statistics. Important indicators for each county. Available: http://61.
60.106.82/pxweb/Dialog/statfile9.asp. Accessed 5 May 2009.

Research Developmennt and Evaluation Commission, Taiwan (2002) Digital
divide in Taiwan, 2002. Available: http://www.rdec.gov.tw/ct.asp?xItem =
4024389&ctNode = 11171. Accessed 5 May 2009.

. Lin JJ, Lu TH (2006) Association between the accessibility to lethal methods and

method-specific suicide rates: an ecological study in Taiwan. J Clin Psychiatry
67: 1074-1079.

Ajdacic-Gross V, Weiss MG, Ring M, Hepp U, Bopp M, et al. (2008) Methods
of suicide: international suicide patterns derived from the WHO mortality
database. Bull World Health Organ 86: 726-732.

Levin KA, Leyland AH (2005) Urban/rural inequalities in suicide in Scotland,
1981-1999. Soc Sci Med 60: 2877-2890.

. Marzuk PM, Leon AC, Tardiff K, Morgan EB, Stajic M, et al. (1992) The effect

of access to lethal methods of injury on suicide rates. Arch Gen Psychiatry 49:
451-458.

Mehlum L, Hytten K, Gjertsen I (1999) Epidemiological trends of youth suicide
in Norway. Arch Suicide Res 5: 193-205.

Pesonen TM, Hintikka J, Karkola KO, Saarinen PI, Antikainen M, et al. (2001)
Male suicide mortality in eastern Finland—urban-rural changes during a 10-year
period between 1988 and 1997. Scand J Public Health 29: 189-193.
Middleton N, Gunnell D, Frankel S, Whitley E, Dorling D (2003) Urban-rural
differences in suicide trends in young adults: England and Wales, 1981-1998.
Soc Sci Med 57: 1183-1194.

Razvodovsky Y, Stickley A (2009) Suicide in urban and rural regions of Belarus,
1990-2005. Public Health 123: 27-31.

Singh GK, Siahpush M (2002) Increasing rural-urban gradients in US suicide
mortality, 1970-1997. Am J Public Health 92: 1161-1167.

Kapusta ND, Zorman A, Etzersdorfer E, Ponocny-Seliger E, Jandl-Jager E,
et al. (2008) Rural-urban differences in Austrian suicides. Soc Psychiatry
Psychiatr Epidemiol 43: 311-318.

Chang SS, Sterne JAC, Huang WC, Chuang HL, Gunnell D (2009)
The association of secular trends in unemployment with suicide in Taiwan,
1959-2007: a time-series analysis. Public Health. In press.

Chang SS, Gunnell D, Sterne JAC, Lu TH, Cheng ATA (2009) Was the
economic crisis 1997-1998 responsible for rising suicide rates in East/Southeast
Asia? A time-trend analysis for Japan, Hong Kong, South Korea, Taiwan,
Singapore and Thailand. Soc Sci Med 68: 1322-1331.

Pirkis J, Blood RW, Beautrais A, Burgess P, Skehans J (2006) Media guidelines
on the reporting of suicide. Crisis 27: 82-87.

. World Health Organization (2008) Preventing suicide. A resource for media

professionals. Geneva: World Health Organization.

January 2010 | Volume 7 | Issue 1 | 1000212



Editors’ Summary

Background. Every year, about a million people take their
own lives. Most people who die by suicide are mentally ill
but some people take their lives because stressful events
(the loss of a partner, for example) have made life seem
worthless or too painful to bear. Strategies to reduce suicide
rates include better treatment of mental illness and
programs that help people at high risk of suicide deal with
stress. Suicide rates can also be reduced by limiting access to
common suicide methods. These methods differ from place
to place. Hanging is the predominant suicide method in
many countries but, in Hong Kong, for example, jumping
from a high building is the commonest method. Suicide
methods also vary over time. In 1998, a woman in Hong
Kong took her life by burning barbecue charcoal in a sealed
room (a process that produces high levels of the toxic gas
carbon monoxide). This method was unheard of before and
was extensively reported by the mass media; by the end of
2004, charcoal-burning suicide became the second most
common form of suicide in Hong Kong.

Why Was This Study Done? The epidemic of charcoal-
burning suicide that started in Hong Kong has rapidly spread
to other countries in East Asia, including Taiwan, where it is
also now the second most common method of suicide. It
would be useful to identify the factors that have contributed
to the spread of this particular form of suicide because such
knowledge might help to improve strategies for preventing
charcoal-burning suicide. One way to identify these factors is
to examine the space-time clustering of charcoal-burning
suicides. Clustering of specific types of suicides in both time
and space usually occurs in settings such as institutions
where the individuals who die by suicide have been in social
contact. By contrast, clustering of specific types of suicide in
time more than place is often associated with media
coverage of events such as celebrity suicides, which can
lead to imitative suicides. In this study, therefore, the
researchers investigate the evolution of the epidemic of
charcoal-burning suicide over time and across areas in
Taiwan.

What Did the Researchers Do and Find? The
researchers obtained data on suicides and undetermined
deaths (most “missed” suicides are recorded as
undetermined deaths) from 1999 to 2007 from the Taiwan
Department of Health. They then used statistical methods
to estimate the standardized mortality rates (the ratio of the
observed to the expected numbers of deaths) of charcoal-
burning and non-charcoal-burning suicides and
undetermined deaths in different areas of Taiwan. The
proportion of suicides that were charcoal-burning suicides
rose from 0.1% in 1991 to 26.6% in 2007, they report, and
the epidemic of charcoal-burning suicide was more marked
in urban than in rural areas. However, there was no single
point of origin of the epidemic. Finally, they report, rates of
charcoal-burning suicide were consistently higher in urban
than in rural areas throughout the study period, a result
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that means that, although overall suicide rates were higher
in rural than in urban regions of Taiwan prior to the
epidemic of charcoal-burning suicide, the difference has
now almost disappeared.

What Do These Findings Mean? These findings suggest
that the epidemic of charcoal-burning suicide may underlie
recent changes in the geography of suicide in Taiwan.
However, the study’s findings may not be numerically
accurate because of some of the assumptions made by the
researchers. For example, there is no specific code for
charcoal-burning suicides in official records so the
researchers assumed that suicides classified as “poisoning
using nondomestic gas” were all charcoal-burning suicides,
although other studies have shown that nearly 90% of
deaths in the category were indeed charcoal-burning
suicides. Nevertheless, the observed geographical pattern
of charcoal-burning suicides and the changes in this pattern
over time suggest that widespread media coverage and easy
access to barbecue coal in supermarkets and convenience
stores may have contributed to the epidemic of charcoal-
burning suicide and to the increase in overall suicide rate in
Taiwan and elsewhere in East Asia. Thus, guidelines that
encourage responsible media reporting of charcoal-burning
suicide (that is, reporting that does not contain detailed
descriptions of the method or suggest that this type of
suicide is easy and painless) and strategies that restrict
access to barbecue charcoal may help to halt the epidemic
of charcoal-burning suicide in East Asia.

Additional Information. Please access these Web sites via
the online version of this summary at http://dx.doi.org/10.
1371/journal.pmed.1000212.

® Another PLoS Medicine research article by David Studdert
and colleagues investigates the relationship between
changes in vehicle emissions laws and the incidence of
suicide by motor vehicle exhaust gas in Australia

e The World Health Organization provides information on
the global burden of suicide and on suicide prevention (in
several languages); see also the article Methods of Suicide:
International Suicide Patterns Derived from the WHO
Mortality Database

e The US National Institute of Mental Health provides
information on suicide and suicide prevention

e The UK National Health Service Choices website has
detailed information about suicide and its prevention

e MedlinePlus provides links to further resources about
suicide (in English and Spanish)

® The Taiwan Suicide Prevention Center provides informa-
tion on suicide and its prevention in Taiwan (in Chinese)

e The Centre for Suicide Research and Prevention, the
University of Hong Kong, provides information on suicide
and its prevention in Hong Kong (in Chinese and English)
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