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Abstract Media reports of suicides have an impact on
suicide rates. However, countermeasures to this media
effect have not been evaluated. We examined the associ-
ation between media reports of suicides accomplished with
the use of hydrogen sulfide, the voluntary stoppage of sales
of suicide-related products, and suicide rates for people in
their 20s, 30s, and 40s in Japan. The Box-Jenkins transfer
function model was applied to monthly time series data
from February 2003 to December 2009 (83 months). In the
male suicide time series, media reports of suicide were not
related to suicide counts (wg, = 8.988, P = 0.694). Sim-
ilarly, stopping the sale of bath salts was not related to the
number of suicides (w5, = —7.344, P = 0.694). However,
in the female suicide time series, media reports of suicide
were related to the number of suicides (wg) = 17.225,
P = 0.049). Similarly, stopping the sale of bath salts was
related to the number of suicides (w) = —18.545,
P = 0.040). The results suggest that stopping the sale of
bath salts might be effective in reducing the number of
copycat suicides among the women in their 20s, 30s, and
40s. In practice, stopping the sale of suicide-related prod-
ucts might be a potentially effective countermeasure to
prevent copycat suicides triggered by media coverage of
suicides.
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Introduction

Numerous studies on the influence of the media on suicide
rates have been reported [1-4]. As early as 1999, there
were already 293 investigations concerning media news
reports and suicides [5]. The overall trend strongly indi-
cates that the media does have an impact on suicide rates
[6-12]. Moreover, studies have also shown that the con-
tagion effect is higher when media depictions of suicide
include details about the method used, the number of sto-
ries about individual suicides increases, a particular death
is reported at length or in many stories, the story of an
individual death is placed on the front page or at the
beginning of a broadcast, the case portrayed is nonfiction
rather than fiction, and publicity is greater [5, 13].

In Japan, since 1998, the number of suicide victims has
exceeded 30,000 for more than 10 years consecutively. On
the basis of previous findings, recommendations for media
coverage of suicide have been made [14, 15]. The recom-
mendations for what the media should avoid include the
following: (1) romanticizing suicide or idealizing those
who take their own lives by portraying suicide as a heroic
or romantic act; (2) reporting suicide methods in detail; (3)
displaying pictures or detailed descriptions of the profile of
a suicide or the location or site of a suicide; and (4) pre-
senting suicide as the inexplicable act of an otherwise
healthy or high achieving person. In reality, however,
despite the recommendations for media coverage of a
suicide, it has reported the cases of suicide in an inappro-
priate manner. On February 29, 2008, three young people
who met for the first time on the Internet committed suicide
as a group in a hotel room using hydrogen sulfide [16].
Immediately after the case was first reported, there was a
sudden increase in the numbers of media reports concern-
ing the group suicide because the circumstances and
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method were highly unusual. The number of suicides by
hydrogen sulfide between January and November 2008
exceeded 1,000 [17]. In response to a sudden increase in
the number of copycat suicides, on May 13, 2008, drug
stores affiliated with the Japanese Association of Chain
Drug Stores (JACDS) voluntarily decided to stop selling
bath salt products containing sulfur [18].

In this study, we analyzed the media coverage of a case
in which hydrogen sulfide gas was used in the commission
of suicide, as well as a subsequent countermeasure to
prevent an increase in the number of copycat suicides. The
subjects of the study were men and women in their 20s,
30s, and 40s. Because hydrogen sulfide-related suicide
cases have been frequently reported among men and
women in their 20s and 30s [17], we clearly needed to
include these groups. However, we also included individ-
uals in their 40s because of our understanding of the con-
tagion factors discussed above. On April 21, 2009, Yukiko
Shimizu, a 49-year-old actress committed suicide using
hydrogen sulfide. She produced hydrogen sulfide gas by
mixing a toilet detergent containing hydrochloric acid with
bath salts containing sulfur [19]. This case, along with
detailed explanations of the circumstances, a picture, and a
description of the method were reported by the mass
media. In view of previous findings [1-5, 13] and the
actress’s age, it is possible that the contagion effect of this
suicide, and an interaction effect between this suicide and
two events occurring in 2008, would be greatest among
women in their 40s, even though the actual suicide
occurred after the initial hydrogen sulfide suicide case in
February 2008 and the subsequent cessation of the sale of
suicide-related products in May 2008. Thus, we targeted
subjects in their 20s, 30s, and 40s.

The purpose of this study is twofold. Prior studies have
indicated that a new method of suicide becomes increas-
ingly popular after a celebrity uses that specific means [20,
21]. However, the relationship between media reports of
suicides by ordinary citizens using novel methods (e.g.,
hydrogen sulfide) and suicide rates has not been examined
previously. Thus, the first purpose of the study is to explore
whether media reports of suicide using hydrogen sulfide
were related to suicide rates for people in their 20s, 30s, and
40s. Second, we explored whether stopping the sale of bath
salt products by JACDS-affiliated drugstores was related to
suicide rates among people in their 20s, 30s, and 40s. A
recent survey about the length of time spent watching TV,
performing housework, and working outside the home
found a significant difference between men in their 20s, 30s,
and 40s and women in their 20s, 30s, and 40s [22]. Men in
their 20s, 30s, and 40s spent more time working outside the
home than did women in their 20s, 30s, and 40s, whereas
women in their 20s, 30s, and 40s devoted more time to
housework, which included shopping and cleaning the
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bathroom, and watching TV, than did men in their 20s, 30s,
and 40s. Thus, we hypothesized that women in their 20s,
30s, and 40s would be more likely than men in these age
groups to be influenced by the two events in 2008.

Methods
Study period

The study was conducted from February 2003 to December
2009 (83 months). Until the occurrence and subsequent
media coverage of the case of suicide by hydrogen sulfide
poisoning in February 2008, the suicide rates among men and
women had remained at similar levels since 2003. Thus, we
targeted the period between these points in time for study.

Data collection

Monthly suicide statistics for people aged 20-29, 30-39, and
40-49 from February 2003 to December 2009 were obtained
from the Vital and Health Statistics summary published by
the Statistics and Information Department of the Japanese
Ministry of Health, Labor and Welfare [23]. Suicide cases
without a residential address in Japan (migrants) are not
included. When a person dies, the law requires that a medical
doctor or coroner issues a death certificate that includes the
time, date, and cause of death. Deaths are classified
according to the International Classification of Diseases,
10th Revision (ICD-10) [24], with suicides coded as X60—
X84. The information provided by the Vital and Health
Statistics summary is based on death certificates.

Statistical analysis

We used the Box-Jenkins transfer function model to assess
the impact of interventions [i.e., media reporting of sui-
cides using hydrogen sulfide in February 2008 (x;,), vol-
untary stopping sales of bath salts in May 2008(x,,)] on the
time series of suicide counts from February 2003 to
December 2009 (n = 83 months) [25-27]. It was assumed
that the output variable (y,) was composed of two func-
tions: u,, which could be explained in terms of the inter-
vention variables (x;,, x»;), and n,, an error or noise factor
that describes the unexplained aspect of y,. The explained
aspect (u,) is given as a weighted sum of the present and
past values of x; (i.e., u, = v;x, + vox,_1 + ...), whereas n,
is an autoregressive integrated moving average (ARIMA).

Briefly, the first step in the analysis was to make the
series stationary. According to Jenkins [26, 28], a power or
logarithmic transformation is recommended to stabilize the
variance if it is related to the mean. Additionally, we
performed differencing and/or seasonal differencing on the
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transformed time series. The stationarity of the time series
data was verified by checking plots of the autocorrelation
functions (ACF), partial autocorrelation function (PACF),
inverse autocorrelation function (IACF), Ljung-Box chi-
square statistic and the augmented Dickey—Fuller test [27].
In the second step, the effect of the intervention on the time
series is estimated through selection of a transfer function.
This is called the intervention model. An ACF, PACF, and
IACF were used to assess model parameter appropriateness
and seasonality. The model residuals were checked by
autocorrelations at various lags using the Ljung-Box chi-
square statistic to confirm white noise [25-28]. If these
checks show the model to be inadequate, new models are
estimated until a statistically appropriate model is found.
Specifically, three common transfer functions [i.e., (1) wgl,,

2) 17‘*’%1,, 3) 17"(’5?]3 (1 — B)I,] were tested [25-29]. Since

an explorative analysis was conducted in the study, all
P values were two sided. Analyses were conducted using
the PROC ARIMA procedures included in SAS (version
8.2, Cary, NC, USA).

Results

Table 1 shows the monthly number of suicide cases by
period. The entire study was divided into three periods
according to the timing of two events (i.e., the hydrogen
sulfide suicide and the intensive media coverage of the case

Table 1 Monthly number of suicide cases by period

February 2003—
January 2008

February 2008—
May 2008

June 2008—
December 2009

Males

Females

757.80 & 71.65
254.63 £+ 24.77

762.00 £+ 32.45
281.00 £ 42.58

764.00 £+ 67.93
275.30 £ 26.80

Fig. 1 Monthly number of
suicides for men and women in

and the voluntary cessation of the sale of suicide-related
products). The data showed a significant difference among
periods in the suicide rates of women (F = 5.77,
P < 0.01). However, no significant differences among
periods were observed in the suicide rates of men.

Figure 1 shows monthly suicide counts for men and
women in their 20s, 30s, and 40s, from February 2003 to
December 2009. Mean monthly suicide counts for men
before and after the media reporting of a suicide using
hydrogen sulfide were 757.80 and 763.74, respectively.
Mean monthly suicide counts for women before and after
media reporting of a suicide using hydrogen sulfide were
254.63 and 276.04, respectively. There was no statistically
significant change in suicides among men before and after
the media reports, but there was a statistically significant
change in suicides among women during the same time
period (P < 0.01). We found an 8.4% increase in female
suicides following media reports of a suicide using
hydrogen sulfide.

Table 2 shows the results of Box-Jenkins transfer
function model to assess media reporting of suicide and
voluntary stopping of the sale of bath salts by JACD in a
time series. The first step of the time series analysis is to
estimate a noise model that takes into account any sys-
tematic variation from unmeasured stochastic processes
that could confound the influence of the interventions on
the dependent series. The final noise model for men was
ARIMA (1, 1, 1) (2, 0, 0);2, which means that the male
suicide counts time series required the specification of first-
order differencing to remove drift, a first-order moving
average parameter, and a first order as well as a seasonal
second order (s = 12) of autoregressive parameters to
remove autocorrelation. The Q statistic for the Ljung-Box
test statistic, which tests the null hypothesis that the model
residuals are distributed as white noise, for men was 27.60
(P = 0.733), implying that the model residuals are

Media coverage of suicide
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Table 2 Final noise and intervention models for the effects of suicide
news reports and stopping the sale of related products on male and

female suicide counts in Japan

Noise model

Intervention model

Male suicides
ARIMA(1,1,1)(2,0,0);»

(1-B) *24%13)

(I = ©4B™)y, = (1 — 0,B)e,
Y, = 0.575, P < 0.0001
D,y = 0.549, P < 0.0001

0; = 0.923, P < 0.0001

0 = 2760, df =33, P =0.733

Female suicides

ARIMA(0,1,1)(0,0,1);»

(1 =By, =1 - 6,B)
(1 — ®;,B)e,

0, = 0.558, P < 0.0001

@1, = — 0.262, P = 0.035

Y, = a, + o), Report, +wys,
Stopping sale,

Report, = 0 for observations
1-60

Report, = 1 for observations
61-83

Stopping sale, = 0 for
observations 1-63

Stopping sale, = 1 for
observations 64-83

wg) = 8.988, P = 0.694
W) = —7344, P = 0.694

0 = 27.07, df = 33,
P =0.757

Y, = a, + oy, Report, + ays)
Stopping sale,

Report, = 0 for observations
1-60

Report, = 1 for observations
61-83

Stopping sale, = 0 for

observations 1-63

Q = 3337, df = 34, P = 0.498 Stopping sale, = 1 for

observations 64-83
ogy = 17.225, P = 0.049
o) = — 18.545, P = 0.040
Q =32.33,df =34, P = 0555

ARIMA, autoregressive integrated moving average; 0, moving average
parameter; B, backward shift operator; w g, and ws) zero-order input
parameter of a transfer function; Report, and Stopping sale, inter-
vention series; a,, random shock at t observation; Y, the ¢ observation
of the times series; O, Ljung-Box test statistic

distributed as white noise. The final noise model for
women was ARIMA (0, 1, 1) (0, 0, 1);,, which means that
the female suicide counts time series required the specifi-
cation of first-order differencing to remove drift, and a first
order as well as a seasonal first order (s = 12) of moving
average parameters to remove autocorrelation. The Q sta-
tistic for the Ljung-Box test statistic for women was 33.37
(P =0.498), implying that the model residuals are
distributed as white noise.

In the second step, the possible effect of the interven-
tions (i.e., media reporting of suicide and voluntary stop-
ping of the sale of bath salts) on the time series is estimated
through selection of a transfer function. Three types of
transfer functions, zero order (i.e., wgl,), first order
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(i.e.,li’ﬁ I;), and pulse models [i.e.,lj‘(;f:B (1 —B)I,], were

applied to male and female suicides counts time series. The
transfer function that fits best with the male and female
suicide series was the zero-order type. As for the male
suicide time series, media reports of the suicide were not
related to suicides () = 8.988, P = 0.694). Stopping the
sale of bath salts was also not related to suicides (w), =
—7.344, P = 0.694). As for the female suicide time series,
media reports of the suicide were related to suicide counts
(w@gy = 17.225, P = 0.049). Stopping the sale of bath salts
was also related to suicide counts (wg) = — 8.545,
P = 0.040). Specifically, the intervention model for
women shows that the voluntary stopping of sales of bath
salts was related to an immediate and permanent decrease
of about 19 suicides among women in their 20s, to 40s, per
month, or a 7.5% reduction compared with pre-intervention
levels. Moreover, compared with the size of the negative
effects produced by media reporting of suicides using
hydrogen sulfide (i.e., 17.225), the size of the positive
effect produced by stopping the sale of bath salts con-
taining sulfur was larger in magnitude (i.e., —18.545).

Discussion

There are several notable findings in the present study.
First, after controlling for the effects of systematic varia-
tion from unmeasured stochastic processes, we found that
media coverage of a hydrogen sulfide-related suicide that
occurred on February 29, 2008 was followed by an
immediate and permanent increase in female suicide
mortality in Japan (Table 2). Second, after controlling for
the effects of systematic variation from unmeasured sto-
chastic processes, we found that stopping the sale of bath
salts on May 13, 2008 was followed by an immediate and
permanent decrease in female suicide mortality in Japan
(Table 2). Third, we found that media coverage of a
hydrogen sulfide-related suicide and stopping the sale of
bath salts were not related to suicide counts among men in
their 20s, 30s, and 40s (Table 2). Our second finding might
be the most important. Indeed, it has recently been reported
that restricting the sale of charcoal has been effective in
reducing the number of suicides using this method [30].
With respect to hydrogen sulfide suicide, however, no one
has evaluated the effects of a countermeasure, such as the
voluntarily stoppage of the sale of a suicide-related product
on the suicide rate, following media coverage of a suicide.
Our first finding is consistent with previous findings that
the media does have an impact on suicide rates [6—10].
Our study highlights the need to address the differential
effect of gender. A population-level association between
media coverage of suicide, stopping the sale of
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suicide-related products, and suicide mortality was verified
among women but not among men. Compared with that of
men, the substantially lower female suicide rate usually
exhibits little variation from the mean, thus making it
difficult to find a statistical association. Therefore, this
finding appears uncommon. With respect to the differential
effect by gender, we posit three possible reasons. First, it
has been reported that women spend more time than men
on activities related to housekeeping (i.e., among women
and men in their 20s: 2.22 vs. 0.29 h, respectively; among
women and men in their 30s: 5.25 vs. 0.45 h, respectively;
and among women and men in their 40s: 4.51 vs. 0.28 h,
respectively) [22]. Thus, it is probable that women are
more familiar than men with bath salts and toilet deter-
gents, which may have contributed to the more frequent
occurrence of hydrogen sulfide-related suicides among
women. Second, a hydrogen sulfide-related suicide often
affects people in surrounding areas, resulting in heavy
casualties. It has been reported that there is a gender dif-
ference in formal normative belief, in terms of awareness
with respect to recommended behavior in society [31, 32].
Compared with women, men are more likely to follow
recommended behaviors in Japanese society [32, 33]. Thus,
faced with the nature of a hydrogen sulfide—related suicide,
it is possible that as compared to women, men are less
likely to use hydrogen sulfide gas as a suicide method.
Third, women have been found to spend more time than
men watching TV (i.e., among women and men in their
20s: 2.33 vs. 1.54 h, respectively; among women and men
in their 30s: 2.43 vs. 2.03 h, respectively; and among
women and men in their 40s: 3.26 vs. 2.30 h, respectively)
[22]. During the study period, following media coverage of
a hydrogen sulfide-related suicide on February 29, 2008, a
copycat suicide committed by a famous actress spawned
numerous media reports [19]. Thus, assuming that the
contagion effect is real, we would expect it to be larger
among women than among men because of the actress’s
attributes (i.e., women, in her late 40s) and the greater
exposure of women than men to media information.

The present findings contain several practical implica-
tions. It was suggested that the countermeasure taken by
the JACDS-affiliated drugstores might be effective in
reducing suicide mortality among women in their 20s, 30s,
and 40s. Although suicide prevention measures by the
central and local governments have not included stopping
the sale of suicide-related products [34-36], it is relatively
easy to do so. We have learned that incidents involving
unusual methods of suicide are newsworthy and may be
vigorously reported by the mass media. When this occurs,
public health officials could attempt to stop the sale of
suicide-related products as a potentially effective counter-
measure to prevent copycat suicides triggered by media
coverage of sensational suicides. Our advocacy of this

approach is accompanied by the following caveats. First,
the number of drug stores associated with the Japanese
Association of Chain Drug Stores (JACDS) was 14,743 and
the affiliated drug stores spread throughout the country.
Thus, the participation of nationwide stores in the proposed
project may be necessary to effectively stop the sale of
suicide-related products in the service of reducing the
number of suicides. Second, the efficacy of this suicide
prevention measure might be influenced by the attributes of
targeted population, such as the gender and age of the
target group. In this study, a decrease in the number of
male suicides after implementation of the suicide preven-
tion measure was not observed. Two explanations are
possible for this finding: (1) male suicide counts were not
influenced by media coverage of a hydrogen sulfide-related
suicide and (2) stopping the sale of bath salts is not
effective in reducing the number of male suicides. How-
ever, on the basis of this study, we cannot confirm whether
either of these statements provides an explanation for the
finding. A third caveat is that although stopping the sale of
one targeted product may be easy, we recognize that it
might be difficult to stop the sale of related products,
especially if they are highly necessary in society.

There are several limitations to the present study that
need to be considered when interpreting the results. First,
the model used in our study does not consider other pos-
sible or known risk factors for suicide, such as increases in
alcohol use, drug use, domestic violence, or inadequate
mental healthcare. However, in order to evaluate the effects
of specific interventions on public health outcomes at the
population level, the Box-Jenkins transfer function models
(i.e., interrupted time series methods) are well suited for
the purpose and provide rigorous tests of association. If
future studies based on different models that include other
relevant variables report the same findings, our findings
will be verified. Second, we have only suicide data for men
and women in their 20s, 30s, and 40s, not for suicide
victims who were producing hydrogen sulfide gas at the
time of death. Obviously, the proportion of hydrogen sul-
fide-related suicides is a fraction of all suicides in their 20s,
30s, and 40s. If stopping the sale of bath salts was in fact an
effective strategy for decreasing hydrogen sulfide-related
suicides, we would expect to see a decrease in hydrogen
sulfide-related suicides following its implementation.
Alternatively, one could analyze suicides in which hydro-
gen sulfide was not used, for which no reduction would be
expected. If further studies provide such findings, the
conclusions we have drawn would be strengthened. Third,
there is the possibility that the sudden increase in the
number of suicides for people in their 20s, 30s, and 40s at
the time of the media coverage of hydrogen sulfide-related
suicide simply reflects a larger pattern also occurring in
other ages or gender groups. However, by examining the
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time series data of suicide counts by age and gender, it was
revealed that a significant increase in the number of sui-
cides was limited solely to women in their 20s, 30s, and
40s. Thus, we can rule out the third possibility.

In conclusion, the results of the present study show
that in Japan: (1) media coverage of a hydrogen sulfide—
related suicide case was followed by an immediate and
long-term increase in female suicide mortality, (2) the
voluntary stoppage of sales of bath salts was followed by
an immediate and long-term decrease in female suicide
mortality, (3) media coverage of a hydrogen sulfide-
related suicide and stopping sales of bath salts were not
related to suicide counts among men in their 20s, 30s,
and 40s. In practice, when an incident involving an
unusual suicide method occurs, it is probable that due to
its newsworthiness, the case along with the method will
be reported, resulting in an increase in the number of
copycat suicides. The voluntary stoppage of sales of
suicide-related products might be effective as counter-
measure to copycat suicides triggered by media coverage
of the incident.
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