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Abstract Although several case reports have suggested a

relationship between accessing Internet suicide sites and

the incidence of suicide, the influence of the Internet on the

incidence of suicide is not known. Thus, we examined the

association between Internet suicide-related searches and

the incidence of suicide in 20- and 30-year-old individuals

in Japan. The Box–Jenkins transfer function model was

applied to monthly time series data from January 2004 to

May 2010 (77 months). The terms ‘‘hydrogen sulfide,’’

‘‘hydrogen sulfide suicide,’’ and ‘‘suicide hydrogen sulfide

suicide’’ at (t-11) were related to the incidence of suicide

among people aged in their 20 s (P = 0.005, 0.005, and

0.006, respectively) and people aged in their 30 s

(P = 0.013, 0.011, and 0.012, respectively). ‘‘BBS on

suicide’’ at (t-5) and ‘‘suicide by jumping’’ at (t-6) were

related to the incidence of suicide in people aged 30–39

(P = 0.006 and 0.001, respectively). Internet searches for

specific suicide-related terms are related to the incidence of

suicide among 20- and 30-year-old individuals in Japan.

Routine interrogation by a clinician about visiting Internet

suicide websites and stricter regulation of these websites

may reduce the incidence of suicide among young people.
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Introduction

Internet websites and chat rooms provide detailed

information on suicide. An increasing number of web-

sites graphically describe various types of suicide

methods, including the lethal doses of medications [7]. It

has been argued that the Internet may have a more direct

influence on copycat suicides than do the print media [5,

7]. Indeed, suicide-related Internet sites have proliferated

in Japan, and more than 600,000 Japanese sites have

provided information on potential methods for suicide

[15] since the Suicide Manual, which illustrates suicide

methods, was published on July 4, 1993 [29]. Several

cases suggesting an association between visits to Internet

suicide sites or chat rooms and actual suicides have been

reported [1, 2, 6, 7]. For example, on February 11, 2003,

a 17-year-old high school senior committed suicide by

carbon monoxide poisoning using a briquette. Since

2003, incidents in which young people who meet for the

first time via the Internet and commit suicide as a group

have been reported frequently [22]. On February 17,

2008, three young people were reported to have met for

the first time via the Internet and to have committed

suicide as a group using hydrogen sulfide [4, 14]. This

event resulted in increased interest in Internet sites that

provide information about committing suicide using

hydrogen sulfide (Fig. 1).

Although these findings suggest that visits to Internet

sites and chat rooms that support suicide are associated

with an increased incidence of suicide, these conclusions

are based only on anecdotal evidence. Empirical evi-

dence of an association between suicide and Internet use
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in specific age groups has not been reported [7, 18, 24,

26]. A quantitative evaluation of the association between

access to Internet suicide sites and the incidence of

suicide may help in the prevention of suicide. However,

such quantitative studies have been difficult to perform

primarily because data on specific Internet searches have

not been available. This problem was overcome in the

present study because data on suicide queries from

January 2004 to the present have recently been made

available via the ‘‘Google Insights for Search’’ [11, 12].

Our findings will be useful to clinicians who evaluate

suicide risk and will contribute to the ongoing discussion

in many countries concerning the regulation of suicide-

related websites [18].

Methods

Study period

The study period was January 2004 through May 2010

(77 months).

Data collection

Monthly suicide statistics for people aged 20–29 and 30–39

from 2004 to 2010 were obtained from the Vital and Health

Statistics summary published by the Statistics and Infor-

mation Department of the Japanese Ministry of Health,

Labour and Welfare [25]. When a person dies, the law

0

50

100

0

50

100

0

50

100

0

50

100

Sites on Suicide   

Hydrogen sulfide 

Suicide methods

A suicide

G
oo

gl
e 

In
si

gh
t f

or
 s

ea
rc

h 
no

rm
al

iz
ed

 s
ca

le

0

50

100

2004 2005 2006 2007 2008 2009 2010

Hydrogen 
sulfide suicide

0

50

100

0

50

100

0

50

100

0

50

100

0

50

100

2004 2005 2006 2007 2008 2009 2010

G
oo

gl
e 

In
si

gh
t f

or
 s

ea
rc

h 
no

rm
al

iz
ed

 s
ca

le

Suicide 
hydrogen sulfide 

BBS on suicide 

Suicide rates

Suicide by jumping

Depression suicide

Fig. 1 Top 10 suicide-related

query terms in the Google

search engine. Monthly

variations in the number of top

10 suicide-related query terms

in the Google Internet search

engine between January 2004

and May 2010 in Japan. The

data have been normalized

between 0 and 100, such that the

highest value during the period

is equivalent to 100 and 0 is

equivalent to 0
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requires that a death certificate that includes the time, date,

and cause of death be issued by a medical doctor or a

coroner. The information provided by the Vital and Health

Statistics summary is based on death certificates.

The monthly figures for suicide-related searches in the

‘‘Google Insights for Search’’ were used in our analyses.

When a key word [i.e., ‘‘jisatsu’’ (suicide)] along with the

search period is entered in ‘‘Google Insights for Search,’’

the top 20 search terms related to the key word entered by

Internet users during the search period are shown in

descending order of search frequency. Yet, the way in

which this system identified suicide-related words is cru-

cial to the integrity of any findings deriving from this

process. Indeed, query terms frequently have multiple

meanings. As will be shown, ‘‘hydrogen sulfide’’ was the

fourth most popular suicide-related search between January

2004 and May 2010, and hydrogen sulfide was identified as

a suicide-related key word in the present study. However,

such query terms may be used to seek chemical, suicide-

related, or other information. In this case, the overall query

patterns of users seeking chemistry-related information,

suicide-related information, and other information were

compared. If users seeking suicide-related information

entered hydrogen sulfide as a query term, it is highly

probable that they would have entered other suicide-related

terms immediately before or after hydrogen sulfide. Based

on the overall patterns of queries, the system categorized

this term as suicide-related. Thus, the system identified

suicide-related terms during a specified period in a speci-

fied area. The top 20 search terms related to the query

terms are shown [13]. Normalized time series data for the

top 20 search terms were also available. The data are dis-

played on a scale of 0–100 after normalization; each point

on the graph has been divided by the highest point (i.e.,

100). For example, when interest in the term ‘‘suicide

methods’’ (‘‘jisatsu houhou’’) surged in November 2008,

the system designated the peak as 100. When interest

decreased significantly in December to approximately half

of that of November, the level was designated as 50 [13].

We treated the time series data for the top 10 suicide-

related query terms (i.e., the 10 suicide-related query terms

that were searched most frequently) as variables. The logic

behind using Google as the data source for Internet sear-

ches was as follows. In Japan, the market share of the

Google search engine is second to that of the Yahoo search

engine [10]. However, time series data on specific Internet

searches are available only from Google, and the data

available from Yahoo are very limited (e.g., the top 10

query terms) [28]. Thus, we used the time series data from

‘‘Google Insights for Search.’’ To verify information-

seeking trends in both Google and Yahoo, we compared the

top 10 query terms entered into these two search engines.

Because we obtained the same results from both search

engines, we believe that the Google data were the most

appropriate data available to answer the research question.

Data analysis

Statistical analysis

We used the Box–Jenkins transfer function model to assess

the relationship between two time series (i.e., monthly

variations in Internet suicide-related searches and the

number of suicide cases per month) from January 2004 to

May 2010 (n = 77 months) [20, 23, 27]. Ten types of

normalized time series data were individually entered into

a model for the top 10 search terms. The output and input

variables for the transfer function model were the number

of suicide cases per month (yt) and the frequency of sui-

cide-related term searches per month (xt), respectively. It

was assumed that the output variable (yt) was composed of

two functions: ut, which could be explained in terms of the

input explanatory variable (xt), and nt an error or noise

factor that describes the unexplained aspect of yt. The

explained aspect (ut) is given as a weighted sum of the

present and past values of xt (i.e., ut = m1xt ? m2xt-1 ? …),

whereas nt is an autoregressive integrated moving average

(ARIMA).

Briefly, the first step in the analysis was to make the

series stationary. According to Jenkins [23], 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 transformed time series. The stationarity of the time

series data was verified by checking the plots of the

autocorrelation functions (ACF) and the augmented Dic-

key–Fuller test [9, 19]. After selecting the appropriate

transformation and differencing methods, a univariate

ARIMA model was created for each input (xt) and output

(yt) series. A prewhitening procedure (i.e., obtaining the

appropriate univariate model for each time series involved

by removing autocorrelation) was applied to the univari-

ate models of the input series in the next step. An ACF,

partial autocorrelation function (PACF), and inverse

autocorrelation function (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 [9, 21]. In the third step of the

analysis, the relationship between the input (xt-b) and

output (yt) series was determined using a cross-correlation

function (CCF). The CCF determined the correlation

between the two time series as a function of the time shift

(b). All p-values were two-sided, and the analyses were

conducted using the PROC ARIMA procedures included

in SAS (version 8.2, Cary, NC, USA).
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Results

The top 10 suicide-related search terms from the Google

search engine between January 2004 and May 2010 in

Japan were as follows: 1. ‘‘A suicide’’ (jisatsusya); 2.

‘‘Sites on suicide’’ (jisatsu saito); 3. ‘‘Suicide methods’’

(jisatsu houhou); 4. ‘‘Hydrogen sulfide’’ (ryukasuiso); 5.

‘‘Hydrogen sulfide suicide’’ (ryukasuiso jisatsu); 6. ‘‘Sui-

cide hydrogen sulfide’’ (jisatsu ryukasuiso); 7. ‘‘Bulletin

board system (BBS) on suicide’’ (jisatsu keijiban); 8.

‘‘Suicide rates’’ (jisatsu ritsu); 9. ‘‘Suicide by jumping’’

(tobiori jisatsu); and 10. ‘‘Depression suicide’’ (utsu jisa-

tsu). A suicide (‘‘jisatsusya’’) referred to a person who

committed suicide. The variables used in this study are

summarized in Table 1. Monthly variations in the top 10

suicide-related search terms and the number of suicides

between January 2004 and May 2010 are shown in Figs. 1

and 2. Of the top 10 suicide-related queries terms,

depression suicide, suicide rates, and a suicide received the

highest number of queries per month. The terms that had

the fewest queries were hydrogen sulfide, hydrogen sulfide

suicide, and suicide hydrogen sulfide (Table 1). The

monthly variations in the frequency of queries for these

three terms were similar throughout the study period

(Fig. 2).

Table 2 shows the results of the ARIMA transfer func-

tion model analyses. One type of input (xt) series (i.e., sites

on suicide) was not stationary. Thus, this type of time

series data underwent log transformation. Additionally,

first-order differencing was introduced to every input (xt)

and output (yt) series. Additionally, when necessary, first-

order and seasonal differencing with a span of 12 months

were introduced to the input (x1) and output (yt) series. As a

result, the stationarity of the series was verified by the

augmented Dickey–Fuller test. Next, univariate models for

the input (xt) and output (yt) series were prewhitened using

a prewhitening filter and cross-correlated. Because xt was

hypothesized to be a predictor of yt, cross-correlation with

negative lags (leads) (i.e., time shift (b)\0) contradicts this

hypothesis. Thus, when a model showed cross-correlation

with negative lags (leads), the result of analysis based on

the corresponding model is indicated by ‘‘no effective

model’’ in Table 2.

Table 2 shows the results of the conditional least

squares estimation and estimation procedures. We found

that three search terms were related to the number of sui-

cides in both age groups: hydrogen sulfide at (t-11) (i.e.,

with a time shift (b) of 11 months), 20 s (P = 0.005) and

30 s (P = 0.013); hydrogen sulfide suicide at (t-11), 20 s

(P = 0.005) and 30 s (P = 0.011); and suicide hydrogen

sulfide at (t-11), 20 s (P = 0.006) and 30 s (P = 0.012).

BBS on suicide at (t-5) (i.e., with a time shift (b) of

5 months) was related to the incidence of suicide only in

the 30–39-year-old group (P = 0.006). Suicide by jumping

Table 1 Variables used in ARIMA transfer function models

Variables Mean ± SD Range

Top 10 suicide-related query terms

A suicide 45.18 ± 10.59 29.00–100.00

Sites on suicide 9.47 ± 13.17 2.00–100.00

Suicide methods 17.17 ± 11.62 9.00–100.00

Hydrogen sulfide 4.01 ± 13.52 1.00–100.00

Hydrogen sulfide suicide 2.91 ± 13.27 0.00–100.00

Suicide hydrogen sulfide 2.94 ± 13.33 0.00–100.00

Bulletin board system (BBC) on

suicide

15.10 ± 13.73 3.00–100.00

Suicide rates 61.17 ± 15.10 33.00–100.00

Suicide by jumping 22.81 ± 13.41 10.00–100.00

Depression suicide 67.81 ± 12.70 33.00–100.00

Monthly number of the suicides

20–29 age group 260.00 ± 24.88 220.00–325.00

30–39 age group 359.65 ± 32.32 300.00–456.00
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Fig. 2 Monthly number of

suicide cases in people aged

20–39. The number of suicide

cases per month in people

20–29 and 30–39 years old

between January 2004 and

May 2010 in Japan
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Table 2 ARIMA regression of the monthly suicide incidence (January 2004–May 2010) from the Internet search engine query data

20–29 age group 30–39 age group

B SE P b SE P

A suicide

ARIMA (1, 1, 1) (0, 1, 0)12 ARIMA (1, 1, 1)

Moving average (lag 1) 0.972 0.035 \0.0001 Moving average (lag 1) 0.939 0.046 \0.0001

Autoregression (lag 1) 0.419 0.137 0.003 Autoregression (lag 1) 0.217 0.132 0.105

Term query (shift 7) 0.501 0.287 0.087 Term query (shift 4) 0.113 0.394 0.776

Sites on suicidea

ARIMA (0, 1, 1) (1, 1, 0)12 ARIMA (0, 1, 1) (1, 1, 0)12

Moving average (lag 1) Moving average (lag 1)

Seasonal autoregression (lag 12) (no effective model) Seasonal autoregression (lag 12) (no effective model)

Term query Term query

Suicide methods

ARIMA (1, 1, 1) ARIMA (0, 1, 1) (0, 1, 1)12

Moving average (lag 1) 0.965 0.036 \0.0001 Moving average (lag 1) 0.657 0.110 \0.0001

Autoregression (lag 1) 0.421 0.128 0.002 Seasonal moving average (lag 12) 0.647 0.126 \0.0001

Term query (shift 11) -0.340 0.293 0.249 Term query (shift 13) 0.249 0.355 0.487

Hydrogen sulfide

ARIMA (1, 1, 1) ARIMA (1, 1, 2)

Moving average (lag 1) 0.970 0.033 \0.0001 Moving average (lag 2) 0.733 0.115 \0.0001

Autoregression (lag 1) 0.384 0.128 0.004 Autoregression (lag 1) -0.849 0.089 \0.0001

Term query (shift 11) 0.694 0.239 0.005 Term query (shift 11) 0.697 0.272 0.013

Hydrogen sulfide suicide

ARIMA (1, 1, 1) ARIMA (0, 1, 1)

Moving average (lag 1) 0.970 0.033 \0.0001 Moving average (lag 1) 0.855 0.066 \0.0001

Autoregression (lag 1) 0.390 0.128 0.004

Term query (shift 11) 0.706 0.244 0.005 Term query (shift 11) 0.716 0.274 0.011

Suicide hydrogen sulfide

ARIMA (1, 1, 1) ARIMA (0, 1, 1)

Moving average (lag 1) 0.970 0.033 \0.0001 Moving average (lag 1) 0.855 0.066 \0.0001

Autoregression (lag 1) 0.388 0.128 0.004

Term query (shift 11) 0.700 0.243 0.006 Term query (shift 11) 0.711 0.273 0.012

Bulletin Board System(BBS) on suicide

ARIMA (1, 1, 1) (0, 1, 0)12 ARIMA (0, 1, 1)

Moving average (lag 1) Moving average (lag 1) 1.000 0.024 \0.0001

Autoregression (lag 1) (no effective model) Autoregression (lag 1) 0.243 0.123 0.052

Term query Term query (shift 5) 0.879 0.310 0.006

Suicide rates

ARIMA (0, 1, 1)(0, 1, 1)12 ARIMA (0, 1, 1) (0, 1, 1)12

Moving average (lag 1) 0.503 0.123 \0.0001 Moving average (lag 1)

Seasonal moving average (lag 12) 0.757 0.126 \0.0001 Seasonal moving average (lag 12) (no effective model)

Term query (shift 5) 0.284 0.207 0.177 Term query

Suicide by jumping

ARIMA (1, 1, 1) (0, 1, 0)12 ARIMA (0, 1, 1)

Moving average (lag 1) Moving average (lag 1) 0.889 0.058 \0.0001

Autoregression (lag 1) (no effective model)

Term query Term query (shift 6) 0.894 0.256 0.001

Depression suicide

ARIMA (1, 1, 1) (0, 1, 0)12 ARIMA (0, 1, 1)

Moving average (lag 1) Moving average (lag 1)

Autoregression (lag 1) (no effective model) Autoregression (lag 1) (no effective model)

Term query Term query (shift 6)

a Log-transformed
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at (t-6) (i.e., with a time shift (b) of 6 months) was also

related to the incidence of suicide only in the 30–39-year-

old group (P = 0.001). We will explain these findings

using the terms hydrogen sulfide and suicide hydrogen

sulfide as examples. An increase by 10 units in the fre-

quency of queries about hydrogen sulfide was related to

6.94 and 6.97 additional suicide cases approximately

11 months after people in their 20 and 30 s, respectively,

performed an Internet search using this term. An increase

by 10 units in the frequency of queries about suicide

hydrogen sulfide was related to 7.00 and 7.11 additional

suicide cases approximately 11 months after people in their

20 and 30 s, respectively, performed an Internet search

using this term.

The other suicide-related search terms were not corre-

lated with the incidence of suicide in individuals aged in

their 20 and 30 s. To evaluate the adequacy of the models

in Table 2, the ACF of the residuals and the CCF between

the explanatory variables and the residuals were checked.

No evidence of model inadequacy was found.

Discussion

Several important findings were obtained in the present

study. The Internet search terms hydrogen sulfide, hydro-

gen sulfide suicide, and suicide hydrogen sulfide were

significantly related to the incidence of suicide among

young people in their 20 and 30 s approximately

11 months following the Internet search (Table 2). The

terms bulletin board system (BBS) on suicide and suicide

by jumping were related to the incidence of suicide

approximately 5 and 6 months following the Internet

search in the 30–39-year-old group, respectively (Table 2).

Previous findings based on case reports and qualitative data

have suggested that Internet searches were related to the

incidence of suicide in young people [7, 18, 24]. The

present study provides the first quantitative evidence for a

link between Internet searches and suicide at the population

level.

We found that the search terms bulletin board system

(BBS) on suicide and suicide by jumping were related to

suicide in people aged 30–39 and that the time lags were

5 and 6 months, respectively (Table 2). The age difference

observed in our study may be partly attributable to a higher

incidence of poor mental health or isolation among those in

their 30 s, as indicated by other data. For example, in July

2010, the Cabinet Office of the Government of Japan

published the results of a survey on hikikomori (i.e., the

state of staying in one’s own room and having no contact

with others) among young people [8]. Hikikomori is

defined as the state of (1) seldom leaving one’s own room;

(2) leaving one’s own room, but seldom going out of the

house; (3) never going out of the house, except for trips to

the nearest convenience store; or (4) never going out of the

house, except to pursue a hobby [8]. It was estimated that

696,000 people in Japan were experiencing a state of

hikikomori and that half of these were in their 30 s [8].

Furthermore, the number of individuals receiving workers’

compensation due to mental stress was highest among

those in their 30 s in 2009 [16].

Additionally, according to the Fire and Disaster Man-

agement Agency of Japan, the number of suicides between

January and November 2008 involving hydrogen sulfide

exceeded 1,000, which was 35 times greater than the

number (29 cases) reported for a comparable period in

2007 [14]. Thus, previous and present findings establish a

link between Internet searches for specific suicide-related

terms such as hydrogen sulfide, hydrogen sulfide suicide,

and suicide hydrogen sulfide and the incidence of suicide in

Japan. However, the reason for the 11-, 5-, and 6-month

time lags remains unclear because the present findings

were based on a correlational study.

The present study has several practical implications.

First, Internet suicide searches may be an early indicator of

the risk for suicide among Japanese individuals in their 20

and 30 s in Japan. This study’s finding of the dramatic rise

in the use of terms that lead to specific methods for com-

mitting suicide (i.e., hydrogen sulfide, hydrogen sulfide

suicide, and suicide hydrogen sulfide) may become clini-

cally relevant if clinicians were to routinely ask young

people about Internet use, visits to suicide-related websites,

and query terms when evaluating suicide risk.

Second, the ethical questions raised by as well as the

legal legitimacy and technical feasibility of regulating

suicide-related websites are under discussion in many

countries [18]. However, only the link between Internet

searches and suicidal acts has been supported by empirical

data, and no confirmation of an association between

accessing Internet suicide sites and suicide attempts has

been provided. Thus, legal and ethical concerns demand

that restrictions on suicide sites be voluntary [18]. The

present study found an association between Internet sear-

ches related to hydrogen sulfide and the incidence of sui-

cide among Japanese men and women aged 20–29 and

30–39 years. We believe this finding has practical impli-

cations for the stricter regulation of suicide-related web-

sites, which may reduce the incidence of suicide among

young people.

The present study had several limitations. First, we had

suicide-related data only for men and women in their 20 and

30 s and not for suicide victims who used a specific method.

It is clear that the proportion of suicides relying on a specific

method, such as hydrogen sulfide, constitutes a fraction of all

suicides committed by people in their 20 and 30 s. If

hydrogen sulfide-related Internet searches were related to

44 Eur Arch Psychiatry Clin Neurosci (2012) 262:39–46
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hydrogen sulfide-related suicides, we would expect to see a

strong association between Internet searches and suicides

caused by hydrogen sulfide. Conversely, an analysis of sui-

cides in which hydrogen sulfide was not used should show no

association with hydrogen sulfide-related Internet searches.

Such studies may strengthen the conclusions of the present

report. Second, the use of Google to search for websites may

lack specificity. Many people may conduct Internet searches

related to an event that was highly publicized in newspapers,

the radio, or TV. Thus, engagement in Internet searches is

not the same as engaging in suicidal ideation or activities.

Third, we used the frequency of queries per month to

assess the number of searches for suicide-related terms

because this measure has been reported to be highly

accurate [11]. However, the Internet search data were

normalized so that the highest value was equivalent to

100; thus, we do not know either the actual values or the

number of additional suicide cases that were related to the

unit frequency (e.g., 10,000 times) of Internet suicide-

related searches [12, 13]. Fourth, the model we used did

not consider other possible or known risk factors for

suicide such as increased alcohol use, drug use, domestic

violence, or inadequate mental health care [3, 17]. How-

ever, we used the ARIMA transfer function model

because it produces the most reliable assessment of time

series data for evaluating the relationship between two

time series at the population level. The Box–Jenkins

transfer function models are well suited for this purpose

and provide rigorous tests of association. Our findings

should be confirmed by future studies based on different

models that include other relevant variables.

In conclusion, the results of the present study showed

that (1) Internet searches using the terms hydrogen sulfide,

hydrogen sulfide suicide, and suicide hydrogen sulfide at

(t-11) were significantly related to the incidence of suicide

among individuals 20–39 years old. (2) Internet searches

using the terms BBS on suicide at (t-5) and suicide by

jumping at (t-6) were significantly associated with the

incidence of suicide among people in their 30 s. This study

was the first to show that Internet searches for specific

suicide-related terms were related to a subsequent increase

in the incidence of suicide in people 20–39 years old.
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