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Suicide Rate and Suicide Related Keywords
Search with Google Trends in Taiwan: An
Exploratory Study

Chien-Chou Su'?, Jo-Chi Chung?, Ya-Chuan Chou?, Zi-Jing Ou*, Ching-Ju Chiu®

Abstract
Background
Google Trends has demonstrated the capability to monitor and predict influenza
outbreaks. However, the association between keyword search for suicide and
subsequent suicide incidence remains unknown. Therefore, we tried to investigate
whether the Google Trends engine could predict the subsequent suicide incidence in

Taiwan.

Objective
To examine the association between keyword search for suicide and subsequent suicide

incidence.

Methods

We used Google Trends engine and open source mortality database in Taiwan from
2005 to 2014. The standardized suicide rate was calculated according to age and sex.
The standard reference was from the population of Taiwan in 2014 and correlation
between suicide and suicide related keywords was estimated by Pearson’s correlation
coefficient. We then investigated and validated whether the suicide keyword would be

the optimal predictors for suicide rate by using simple linear regression.

Results
The secular trend of standardized suicide rates was decreased from 2005 to 2014 (20.9-
15.2 per 100,000 population). For age and sex standardized suicide rate, the male

suicide rate was higher than female and increased with age. The top three cities for
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suicide search were New Taipei City, Kaohsiung City and Hsinchu City. With regard to
suicide related keywords, the highest keywords association with suicide were
depressive disorder (BEE) (=0.43, p<0.001), depression (B ) (r=0.41, p<0.001),
debts (B18) (r=0.28, p<0.001) and TEACHER CHANG (5R=EM) (r=0.28, p<0.001)
in mental disorders, cognition and emotion, life events and other groups respectively.
For regression model, the median of search volume in year was the optimal predictor
for suicide rate (B=0.39, R?>=0.57, p=0.01), especially the suicides aged less than 65
years old (B=0.41, R?=0.60, p=0.01).

Conclusions
In this study, we found keyword search for suicide by using Google Trends was optimal
predictor for suicide rate. Therefore, Google Trends could be a potential tool for suicide

prevention.

Keywords: Google Trends, Suicide, keyword search
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Introduction

Google Trends is a device of Google Labs that enables users to know the frequency
of the search for a specific word in the Googles browser (Fond, Gaman, Brunel, Haffen,
& Llorca, 2015). Years ago, there was a project named Google Flu Trends has been
launched that Google Inc. used their search engine to analyze the large number of
Google search queries gathered by monitoring millions of users’ health tracking
behaviors online to reveal if there is the presence of flu-like illness in a population for
its corresponding region. In the 2009 flu pandemic, Google Flu Trends made a success
to show influenza cases spiking in the mid-Atlantic region of the United States two
weeks earlier than the CDC’s report. Thus, Google Trends has the capability to monitor
and predict influenza outbreaks (Carneiro & Mylonakis, 2009).

Suicide has negative effect on individuals, families, communities and society and
make a serious public health problem. In the US, suicide is one of the leading causes of
death among young people. It is the third leading cause of death among 15-24 year olds
and the second leading cause of death among 25-34 year olds (Eaton et al., 2011).
Suicide risk was considered in relation to the joint effect of factors regarding family
structure (single marital status), socioeconomics (unemployment), demographics
(lower social class), mental illness (psychiatric disorders), and family history of suicide
(both a family suicide history and a family psychiatric history) and physical illness.
Potential risk factors include male gender, being an adolescent or young adult, drug or
alcohol abuse, and past history of self-harm (Haw, Hawton, Niedzwiedz, & Platt, 2013;
P. Qin, E. Agerbo, & P. B. Mortensen, 2003).

Cheng et al (2014) have reported a systematical review about definition of
contagion in suicide-related research. Their results showed ‘suicide contagion’ as a
descriptive metaphor, to say that the apparent spread of suicidal behaviors among
persons or populations, its use has illustrative and frightening power. Suicide contagion
spread through the media, including newspapers, television and internet. For example,
celebrities committed suicide effect that suicide rates have increased than average in

the past. In addition, internet search trends could also be a potential indication of suicide
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contagion (Cheng, Li, Silenzio, & Caine, 2014)
Therefore, we aimed to investigate association between suicide keyword search
and suicide rate in Taiwan. To evaluate whether Google Trends can be a potential tool

for suicide prevention.

Methods

We conducted a retrospective study between 2005 and 2014. The data source were
obtained from Google Trends search engine and mortality database from Open Data
platform of Taiwan (DATA.GOV.TW). For mortality database, the cause of suicide
mortality according to the International Classification of Disease 9th or 10th Clinical
Modification (ICD-9 CM for 2005-2007 and ICD-10 CM for 2008-2014). The suicide
rate was calculated as the number of suicides divided by the total number of population
alive on June 31st. The standardized suicide rate was calculated according to age and
sex. The standard reference was from the population of Taiwan in 2014.

We used Google Trends search engine with following search terms: suicide (B #%),
depressive disorder (&), schizophrenia (151§ 73%), bipolar disorder (BEEE),
anxiety disorder (§5/2JiE), depression (B &), stress (1), grieved ({8/0)), sad (££38),
debts (B &), retirement (3EfK), unemployment (% 3£), affair (M), TEACHER
CHANG (5RZEM), Lifeline (£ A #R), charcoal-burning (J&5X) and hanged (/).
These search terms were based on literature review which was related suicide, such as
psychiatric illness, cognition, emotions and stress-life events (Caldwell & Gottesman,
1992; Kposowa, 2001; McLean, Maxwell, Platt, Harris, & Jepson, 2008; Marta Miret,
José Luis Ayuso-Mateos, Jose Sanchez-Moreno, & Eduard Vieta, 2013; Ping Qin,
Esben Agerbo, & Preben Bo Mortensen, 2003; B +732, Z=RE, BEHE, BXH, &
SEE, 2015; 8onfE, BBEE, TE, BMEIHE, & FHAE, 2005). Whole search
was restricted in Taiwan site and the number of search volume was normalized and
presented on a scale from 0 to 100. The correlation between those keywords and suicide
was estimated by Pearson’s correlation coefficient. We also calculated the mean,

median, minimum and maximum of suicide search volume in year and mid-year
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respectively and used these values as independent variables to predict suicide rate of
Taiwan by using simple linear regression. All significance levels were two-sided, P <
0.05. We performed all statistical analyses using SAS (version 9.3 for Windows; SAS
Institute Inc., Cary, NC, USA).

Results
Secular trends in suicide rates

The study was consist of 39,085 suicides in Taiwan from 2005-2014. Among these
suicides, 26,543 were male and 12,542 were female. The mean age (standard deviation)
of male was 49.5 (17.2) and female was 49.7 (18.0). The secular trend of standardized
suicide rates was gradually decreased from 2005 to 2014 (20.9-15.2 per 100,000
population). The male standardized suicide rate was higher than female for each year
(male: 28.7-20.2 per 100,000 population; female: 13.1-10.1 per 100,000 population)

and the rates were increased with age (Figure 1A, B).

Evaluation of research on the word suicide and suicide related keywords between 2005
and 2014

All of the keywords were categorized in four groups: (1) mental disorders, (2)
cognition and emotion, (3) life events and (4) other groups. In mental disorders, the
highest keyword association with suicide was depressive disorder (BEE) (r=0.43,
p<0.001) and the rank of the other keywords were schizophrenia (#5187 %) (=0.35,
p<0.001), bipolar disorder (BEEEfE) (r=0.25, p<0.001) and anxiety disorder (£ B E)
(r=0.14, p: 0.0011) (Figure 3A). In cognition and emotion, the highest keyword
association with suicide was depression (2%2) (r=0.41, p<0.001) and the rank of the
other keywords were stress (B2 /7) (r=0.37, p<0.001), grieved (f§/0+) (r=0.11, p=0.011)
and sad (2#38) (1=-0.07, p=0.1126) (Figure 3B). In life events, the highest keyword
association with suicide was debts (&) (r=0.28, p<0.001) and the rank of the other
keywords were retirement ((EfK) (r=0.26, p<0.001), unemployment (%52§) (r=0.13,
p=0.004) and affair (9MN8) (r=-0.02, p=0.597) (Figure 3C). In other groups, the highest
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keyword association with suicide was TEACHER CHANG (5RZAil) (r=0.28, p<0.001)
and the rank of other keywords were Lifeline (E884R) (1=0.27, p<0.001), charcoal-
burning ($5K) (=0.10, p=0.028), hanged (_Er) (1=0.22, p<0.001). (Figure 3D)

Comparative spatial distribution between “suicide” keyword search with Google
Trends and suicide rate

Comparative spatial distribution between suicide keyword search with Google
Trends and suicide rate in 2014. The top three cities for suicide keyword search were
New Taipei City, Kaohsiung City and Hsinchu City (Figure 2A) and the top three cities
for suicide rate were Keelung City, Chiayi County and Yunlin County (Figure 2B) and
those cities suicide rate were higher than the suicide rate of Taiwan (Figure 2C). The
spatial distribution of suicide keyword search was inconsistent with suicide rate. The
top three cities for suicide rate were not changed much by years (Supplementary Figure

2).

Association between suicide rate and suicide keyword search with google trends

The mean, median, minimum and maximum of suicide search volume in year and
mid-year was calculated respectively. The regression coefficients of those search
volume were estimated by simple linear regression. The median of search volume in
year was the optimal predictor for suicide rate (f=0.39, R2=0.57, p=0.01). We further
divided the suicide into two groups: above 65 years old and less than 65 year old groups.
Among less than 65 years old group, the median of search volume in year was also
optimal predictor for suicide rate (f=0.41, R2=0.60, p=0.01) but not in above 65 years
old group (B=0.61, R2=0.44, p=0.04).
Discussion

In this study, we used the Google Trends for suicide keyword search and estimated
the association between suicide search and suicide rate of Taiwan. We found the trend
of suicide search was associated with suicide rate of Taiwan, especially the suicides

aged less than 65 year old. However, the spatial distribution of suicide search and

http://www.iog.ncku.edu.tw/riki/riki.php?CID=1&id=TGF40 8



SEEFERIEE 39 B

suicide rate were not consistent. This inconsistent could be resulted from the place of
suicide recorded in open source mortality database was registered residence not current
residence. Thus, there was no correlation of spatial distribution between suicide search
and suicide rate.

Most studies have been indicated people dying by suicide, approximately nine out
of every ten individuals had a psychiatric disorder at the time of their death. Previous
studies have shown that depression is the most common of these disorders, occurring
in half to two thirds of cases (Hawton, Casanas, Haw, & Saunders, 2013). Major
depression have the highest risk of committing suicide with around 15-20% of
depressive patients ending their lives by suicide (M. Miret, J. L. Ayuso-Mateos, J.
Sanchez-Moreno, & E. Vieta, 2013). The cause of major depressive disorder is likely
to be multi-factorial etiology (Belmaker & Agam 2008). The diagnosis of major
depressive disorder requires a distinct change of mood, characterized by sadness or
irritability and accompanied by at least several psychophysiological changes, such as
disturbances in sleep, appetite, or sexual desire; constipation; loss of the ability to
experience pleasure in work or with friends; crying; suicidal thoughts; and slowing of
speech and action (Belmaker & Agam 2008). Therefore, detection of individuals at
risk of suicide, while clearly extremely important, could be difficult for public health
prevention (Hawton et al., 2013). It is important for policy making to develop a useful
tool to monitor and predict suicide incidence. In this exploratory study, we found
Google trend could be a potential tool for this purpose. We found the trend of suicide
search was associated with suicide rate of Taiwan, especially the suicides aged less than
65 year old. This finding was also consistent with previous published review articles
(Daine et al., 2013; Mok, Jorm, & Pirkis, 2015). This association between the suicide
keyword search and suicide rate seemed to implicate the change of internet users could
be influenced by suicide event through the effect of suicide contagion.

There are some limitation of this study should be noted. First, there was no
demographic information about the Google Trends users for suicide keyword search.

Thus, we cannot control the effect of user’s characteristics (such as age, sex or
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socioeconomic status...etc.) on suicide rate. Therefore, these factors were not
considered in this study. Second, the mortality database was obtained from Open Data
platform of Taiwan and the database was de-identification and aggregated by year, sex,
age, township and cause of death. Therefore, we did not calculate the daily suicide rate
and evaluate the association between real-time suicide keyword search and suicide
incidence. Third, there were probably other keywords highly associated with suicide
rate of Taiwan but we did not consider those keywords in this study. We used a direct
and intuitional keyword (suicide) as a predictor for suicide rate. Fourth, we did not
address the mechanism or causal relationship on suicide rate in this study.

In conclusion, we found suicide keyword search with Google Trends is a predictor
for suicide rate. The median of suicide keyword search volume in year was the optimal
predictor for suicide rate, especially the suicides aged less than 65 year old. Therefore,
in our opinion, Google trends could be a potential tool for suicide prevention and which
is also similar with a previous study suggestions (Song, Song, An, Hayman, & Woo,
2014). However, whether Google trends could be a real-time supervision system and

reporting suicide epidemic peaks required further studies in the future.
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Figure 1. The secular trend of suicide rate and standardized suicide rate from 2005 to

2014.
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Figure 2. The spatial distribution between suicide keyword search with Google Trends

and suicide rate.
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Figure 3. Evaluation of research on the suicide and suicide related keywords between

2005 and 2014.
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Table 1. Regression coefficient for suicide rate with search volume of suicide keyword in google trend in Taiwan, 2005-2014.

Suicide rate for all age Suicide rate for above 65 years old Suicide rate for less than 65 years old
Regression t- Regression t- Regression t-
Independent variable SE p-value R-squared SE p-value R-squared SE p-value R-squared
coefficient value coefficient value coefficient value
Search volume in year
Mean 0.35 012 292 0.02 0.52 0.58 0.23 255 0.03 0.45 0.36 0.12 3.00 0.02 0.53
Median 0.39 0.12 329 0.01 0.57 0.61 0.24 248 0.04 0.44 0.41 0.12 345 0.01 0.60
Minimum -0.30 0.22 -1.32 0.22 0.18 -0.40 0.41 -0.98 0.36 0.11 -0.31 0.22 -1.38 0.21 0.19
Maximum 0.02 0.02 101 0.34 0.11 0.05 0.03 153 0.16 0.23 0.02 0.02 095 0.37 0.10
Search volume in mid-year
Mean 0.32 0.10 3.09 0.01 0.54 0.53 0.20 269 0.03 0.48 0.33 0.10 3.18 0.01 0.56
Median 0.33 011 312 0.01 0.55 0.50 0.21 234 0.05 0.41 0.34 0.10 328 0.01 0.57
Minimum -0.14 0.20 -0.71 0.50 0.06 -0.04 037 -0.1 092 0.00 -0.17 0.20 -0.83 0.43 0.08
Maximum 0.02 0.02 0.71 050 0.06 0.05 0.04 1.21 0.26 0.16 0.02 0.02 0.67 0.52 0.05

16 .iog.ncku.edu.tw/riki/riki.php?CID=1&id=TGF40



agEFE®mESE 39 H

Supplementary Figure 1. The age, sex and year stratified suicide rate between 2005

and 2013.
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Supplementary Figure 2. The spatial distribution of suicide rate in Taiwan from 2005-

2013.
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