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Abstract

Background: Previous studies have investigated the association between suicide and internet search volumes of terms related
to suicide or self-harm. However, the results varied by peopl€e’s age, period, and country, and no study has exclusively investigated
suicide or self-harm rates among adol escents.

Objective: Thisstudy aimsto determine the association between theinternet search volumes of termsrelated to suicide/self-harm
and the number of suicides among South Korean adol escents. We investigated gender differencesin this association and the time
lag between the internet search volumes of the terms and the connected suicide desths.

Methods: We selected 26 search termsrel ated to suicide and self-harm among South Korean adol escents, and the search volumes
of these terms for adolescents aged 13-18 years were obtained from the leading internet search engine in South Korea (Naver
Datalab). A data set was constructed by combining data from Naver Datalab and the number of suicide deaths of adolescents on
adaily basisfrom January 1, 2016, to December 31, 2020. Spearman rank correlation and multivariate Poisson regression analyses
were performed to identify the association between the search volumes of the terms and the suicide deaths during that period.
The time lag between suicide death and the increasing trend in the search volumes of the related terms was estimated from the
cross-correlation coefficients.

Results:  Significant correlations were observed within the search volumes of the 26 terms related to suicide/self-harm. The
internet search volumes of several terms were associated with the number of suicide deaths among South Korean adol escents,
and this association differed by gender. The search volume for “dropout” showed a statistically significant correlation with the
number of suicides in all adolescent population groups. The correlation between the internet search volume for “dropout” and
the connected suicide deaths wasthe strongest for atimelag of 0 days. In females, self-harm and academic score showed significant
associations with suicide deaths, but academic score showed anegative correlation, and the time lags with the strongest correlations
were 0 and —11 days, respectively. In the total population, self-harm and suicide method were associated with the number of
suicides, and the time lags with the strongest correlations were +7 and 0 days, respectively.

Conclusions:  This study identifies a correlation between suicides and internet search volumes related to suicide/self-harm
among South Korean adolescents, but the relatively weak correlation (incidence rate ratio 0.990-1.068) should be interpreted
with caution.

(J Med Internet Res 2023;25:e46254) doi: 10.2196/46254
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Introduction

Suicide is a leading contributor to disease burden and deaths
globally, with ailmost 1 million suicide deaths across the world
annually [1]. In particular, suicide is the second leading cause
of death globally among young people aged 10-24 years[2]. In
South Korea, suicide has been the |l eading cause of death among
children and youths aged 9-24 years for decades, thereby
representing a notable social burden on the society [3].
Web-based spaces are now part of our daily lives, and they can
be utilized as suicide surveillance systems, especialy for
adolescents. Most European adolescents (92%) have at least
one social networking service account, and 40% of them spend
more than 2 hours a day online [4,5]. Individuals who plan to
die by suicide often use the internet to share their thoughts of
suicide or to find ways to die by suicide [6,7].

Previous studies have investigated the association between
suicide rates and the internet search volumes of terms related
to suicide or self-harm [8-14]. However, the results varied by
age, period, and country, and no study has exclusively
investigated suicide/self-harm rates among adolescents. A study
conducted in Taiwan [10] using Google Trends as a search
engine revealed that the internet search volumes of
suicide-rel ated termswere associ ated with actual suicide deaths.
An Irish study using Google Trends [14] found an association
between the national suicide rate and the internet search volume
of suicide-related terms, including anxiety. A study that matched
internet search activity to national suicide rates according to
Google Trends found a negative correlation with suicide rates
in the general US population but a positive correlation with
suicideratesin youth (age 15-24 years) [8]. Google Trends was
the most frequently used search engine in the abovementioned
studies, and it quantifies search trends by using the relative
search volume (RSV) of each term. The RSV rangesfrom 0 to
100, corresponding to the number of searches for a given term
as a proportion of the largest number of searches over a given
period; for example, an RSV of 30 equates to 30% of the most
popular search activity at any time. However, Google Trends
can only provide RSVs averaged over at least 1 week, and it
does not provide information on gender difference. Moreover,
the shortest time period reported using Google Trends in
previous studies on the rel ationship between the internet search
volumes for specific terms and the actual suicide death was 1
month [9,10,13-15]. However, adolescent suicides are more
impulsive than those of adults; for example, the number of
suicides was found to increase rapidly at 1-10 days after the
suicide of a celebrity [16,17]. Furthermore, in our preliminary
study of internet search volumes and adol escent suicide death,
which has not yet been published, the time interval with the
strongest relationship between internet search volume and
suicide was lessthan 2 weeks. These observations makeit likely
that thetimeinterval between the actual internet search activity
for termsrelated to suicide/self-harm and an actual suicide desth
islessthan 2 weeks.

In South Korea, Naver [18] is the largest and the most popular
search engine, with Google being less popular [19]. Naver
Datalab [20] is afree service that provides the search volumes
and trends of specific termsin the same way as Google Trends.
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However, unlike in Google Trends, in Naver Datalab, it is
possible to extract the search volume of a given term for each
day according to the RSV. Moreover, by collecting demographic
data, including the age and gender of the logged-in users, the
search volume can be subdivided by gender and age using this
service. The RSV data extracted from Naver Datalab have been
widely used in the research of search volumesin South Korea,
such asfor predicting the outbreak of infectious diseases[21,22]
and for calculating the mediating effect of gender in depression
and suicide after COVID-19[23]. The 2 aimsof our study based
on the analysis of Naver Datalab and South Korean national
data of all 13-18-year-old students who died by suicide in
2016-2020 on adaily basiswere (1) to identify any association
between the internet search volumes of terms related to
suicide/self-harm and the number of suicide deaths according
to gender and (2) to estimate the specific time lag presenting
the strongest correlation for this association.

Methods

Database of Student Suicides

In South Korea, when a student dies by suicide, teachers are
required to report this to the Ministry of Education by using a
form called the Student Suicide Report. Thus, there is a data
set of al suicides of South Korean students attending
elementary, middle, and high schools. Detailed information on
the processing and contents of the Student Suicide Report has
been published previously [24]. We extracted dataon the gender
and death dates of adolescents aged 13-18 years who died by
suicide from January 1, 2016, to December 31, 2020, from this
database. Considering that the dropout rate of South Korean
high school students was about 1.5% [25], this proportion can
represent the most proportion of adolescent suicides in South
Korea. In case where the date on which the body was found was
recorded but the date of death was unknown, the date on which
the body was found was regarded as the date of death. Since
about 90% of the suicide methods among South Korean
adolescents who died by suicide were fatal (eg, jumping from
a height, hanging) [24], it was assumed that there was a short
timeinterval between the date of death and the date of discovery.
We excluded cases with no information or where the date of
death based on the above criteria was unknown, and we finally
included 620 cases of suicide among 625 students aged 13-18
years during the study analysis period.

Search Terms Related to Suicide and Self-harm

The temporal association between the number of suicides and
trends in the internet search volumes of terms related to
suicide/self-harm was investigated by selecting appropriate
search terms related to suicide and self-harm among South
Korean adolescents. We selected 26 search terms based on
previous studies of search terms related to suicide [8-13] and
South Korean studies on the risk factors for suicide [26-29],
methods of suicide [24,30], and self-harm [31] among
adolescents. In this process, search termswith similar meanings
were classified into search terms considering the characteristics
of the South Korean population. For example, the search term
“suicidal method” could be searched as “how to suicide” and
“way to suicide,” and the search terms for “suicide method”
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included “how to suicide” “way to suicide,” and “suicide
method.” Like Google, Naver has a system that warns users
when searching for wordsrelated to suicide or blocks dangerous
sites [32]. However, Naver does not automatically search and
collect RSV sfor synonymslike Google; therefore, we acquired
the search volume of each search term together. Then, referring
to previous studies [10,14], we classified the search terms into

Table 1. Search termsrelated to suicide and self-harm.
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5groups: (1) suicide-related terms, (2) self-harm—related terms,
(3) suicide risk factor terms, (4) suicide prevention terms, and
(5) depression-related terms. All the selected search termswere
searched in Korean. Table 1 lists the groups of search terms
translated into standard English and the related synonyms (see
Multimedia Appendix 1 for the standard Korean versions of the
search terms).

Classification of search terms, search terms Synonyms

Suicide-related terms

Suicide
Suicide method
Dying method
Suicidal idea
Fall down
Hanging

Will

Self-harm—related terms

Self-harm
Self-harm method
Wrist cutting
Self-harm wound
Drug overdose

Acetaminophen

Suiciderisk factor terms

Academic score
Bullying

School violence
Family troubles
Domestic violence
Dropout

Career

Suicide prevention terms

Suicide prevention

Cdl for life

Suicide prevention center

Psychiatry
Mental health center

Suicide

Suicide method, how to suicide, how to die by suicide
Dying method, how to die

Suicidal idea, suicidal thinking

Fall down, suicide by jumping from a height

Hanging, hanging suicide, neck hanging

Will, how to write awill

Self-harm

Self-harm method, how to self-harm

Wrist cutting, how to cut my wrist, wrist-cutting method
Self-harm wound, self-harm mark, treatment for self-harm wound
Drug overdose, drug lethal dose

Acetaminophen overdose, acetaminophen lethal dose

Academic score, academic concern

Bullying, covert bullying, outcast

School violence, school vio?

Family troubles

Domestic violence

Dropout, how to drop out, dropout method

Career, career concern

Suicide prevention
Call for life, cal for life of South Korea
Suicide prevention center, 1393°

Psychiatry, neuropsychiatry, psychiatry department, mental hospital
Mental health center

Depression-related term

Depression Depression, depressed, depressive disorder, depressive symptoms

8An abbreviated search term for school violence.
bNational Suicide Prevention hel plinein South Korea.
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Sour ce of I nternet Search Volume Data

The data on suicide and the volume of internet search termsfor
self-harm were obtained from Naver Datalab [20] on May 3,
2022. Daily RSV's of 26 suicide and self-harm-related terms
searched by adolescents aged 13-18 years were obtained from
January 1, 2016, to December 31, 2020. When there were
multiple synonymsfor asingle search term, all search volumes
of these synonyms were included in the RSV for that search
term. In addition, the RSV swere obtained separately according
to gender. The search volumesin this study include all searches
performed using personal computers and mobile devices.

Statistical Analyses

A data set was constructed by combining data from Naver
Datalab and the number of suicide deaths of adolescents on a
daily basis from January 1, 2016, to December 31, 2020, for
statistical analyses. First, considering the nonnormality of the
variables, we performed Spearman rank correlation anaysisto
assess the associations between each RSV for suicide and
self-harm—related search terms in the male, female, and total
populations. Second, considering that the sum of the total
suicides per day rangesfrom 0 to 4, we employed amultivariate
Poisson regression model to estimate the association by using
search volumes of search terms as independent variables and
daily suicide deaths as the dependent variable.

To estimate the timelag of the increasing trend between suicide
death and search volumes, our analysis proceeded in 2 steps.
First, to identify the most relevant time lag, we performed
Poisson regression analyses of the association between the
number of suicidesand search volumes repeatedly with different
timeintervals of 1 day, 5 days, 10 days, and 15 days. Variables
included in each Poisson regression analysis were synthesized
as the sum of the number of suicides and the search volume for
eachtimeinterval. Thereafter, the regression coefficient (r) was
calculated for the correlation between the number of suicides
and the search volume for the search term during each of the 4
time intervals, and the time interval for which the regression
coefficient was statistically significant was identified. If a
statistically significant regression coefficient was obtained for
multiple time intervals for a single search term, we assumed
that there would be a time lag with the strongest correlation
between the number of suicides and the search volumes of terms
related to suicide/self-harm between the timeinterval at which
the highest and the second highest regression coefficients were
obtained. Second, to identify a more accurate time lag, we
assumed that the time interval with the strongest correlation
would exist between 2 time intervals that were statistically
significant. Thus, across-correlation analysis of the correlation
between the daily number of suicides and the search volume
was performed for the search terms identified in the first step.
This approach has been used in previous studies [9,10] to
investigate the association between suicide and internet search
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and to identify the time lag of the increasing trend. The time
lag showing the highest correlation coefficient for the 2 time
intervals was identified. If a positive time lag was identified, it
meansthat changesin internet search precede changesin suicide
deaths. Conversely, if a negative time lag was identified, it
meant the opposite. R software (version 4.2.0; R Core Team
and the R Foundation for Statistical Computing) was used for
the statistical analyses. Significance in all statistical analyses
was defined as P<.05.

Ethics Approval

Ethics approval for this study was obtained from the Hallym
Sacred Heart Hospital ingtitutional review board (approval
HALLYM 2020-08-008). Patient consent was waived because
this study was the secondary analysis of existing data. The data
were collected as part of National Student Suicide Prevention
Policy and anonymized by not including personal identification
data

Results

Distribution of the Number of Suicides Per Day

Thetotal number of suicidesfrom January 1, 2016, to December
31, 2020, among the adol escentsincluded in this study was 620,
comprising 323 male deaths and 297 femal e deaths. During our
research period (a total of 1827 days), the days without any
adolescent suicide deaths were 1540 daysfor males, 1557 days
for females, and 1324 days for the total population. The days
with 1 adolescent suicide death were 252 days for males, 246
days for females, and 400 days for the total population. The
days with 2 adolescent suicide deaths were 34 days for males,
21 days for females, and 92 days for the total population. The
days with 3 adolescent suicide deaths were 1 day for males, 3
days for females, and 8 days for the overall population. The
days with 4 adolescent suicide deaths were 3 days only for the
total population.

Analysisof Correlation Between RSVsof Search Terms

In male adolescents, there were statistically significant positive
within-group correlations in self-harm—related terms, suicide
risk factor terms, and suicide-related terms (Figure 1). The
correlation between the overall search terms was stronger in
female adolescents than in males, and there were positive
within-group correlations for self-harm—related terms, suicide
risk factor terms, and suicide-rel ated terms (Figure 2). However,
unlike in males, there were positive intergroup correlations
between depression-related terms and the other 4 groups of
search terms among females. Further, positive intergroup
correlations between salf-harm—related terms and suicide-related
terms or between suicide risk factor terms and suicide-related
terms were examined in femae adolescents. In the total
population, the pattern of the correlations was the same as that
in females (Figure 3).
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Figure 1. Correlations between the relative search volumes of search terms (male). The blue shade indicates a positive correlation, while the red shade
indicates a negative correlation. AAP: acetaminophen; Acade: academic score; Bulling: bullying; DI: drug overdose; D-term: depression-related terms;
FamilyProb: family troubles; FamilyVio: domestic violence; H-term: self-harm—related terms; MenHealthCent: mental health center; Psych: psychiatry;
P-term: suicide prevention terms; R-term: suiciderisk factor terms; School Vio: school violence; SelfHarmMeth: self-harm method; S-term: suicide-related
terms; SuiPrev: suicide prevention; SuiPrevCent: suicide prevention center; Wrist: wrist cutting.
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Figure 2. Correlations between the relative search volumes of search terms (female). The blue shade indicates a positive correlation, while the red
shade indicates a negative correlation. AAP: acetaminophen; Acade: academic score; Bulling: bullying; DI: drug overdose; D-term: depression-related
terms; FamilyProb: family troubles; FamilyVio: domestic violence; H-term: self-harm—related terms;, MenHealthCent: mental health center; Psych:
psychiatry; P-term: suicide prevention terms; R-term: suicide risk factor terms; SchoolVio: school violence; SelfHarmMeth: self-harm method; S-term:
suicide-related terms; SuiPrev: suicide prevention; SuiPrevCent: suicide prevention center; Wrist: wrist cutting.
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Figure 3. Correlations between the relative search volumes of search terms (total population). The blue shade indicates a positive correlation, while
the red shade indicates a negative correlation. AAP: acetaminophen; Acade: academic score; Bulling: bullying; DI: drug overdose; D-term:
depression-related terms; FamilyProb: family troubles; FamilyVio: domestic violence; H-term: self-harm—related terms; MenHealthCent: mental health
center; Psych: psychiatry; P-term: suicide prevention terms; R-term: suicide risk factor terms; SchoolVio: school violence; SelfHarmMeth: self-harm
method; S-term: suicide-related terms; SuiPrev: suicide prevention; SuiPrevCent: suicide prevention center; Wrist: wrist cutting.
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Poisson Regression Analyses of the Associations
Between Suicide Deaths and Search Terms

Table 2 liststhe search terms and their incidencerateratio (IRR)
values cal cul ated using Poisson multivariate regression for each
time interval. The search terms that showed statistically
significant results at multiple time intervalswere dropout (IRR
1.021, 95% CI 1.010-1.033; P<.001 for a 1-day interval; IRR
1.004, 95% CI 1.000-1.007; P=.003 for a 5-day interval) and
mental health center (IRR 1.003, 95% CI 1.000-1.006; P=.04
for a 10-day interval; IRR 1.003, 95% CI 1.000-1.005; P=.04
for al5-day interval) in males. The search terms self-harm (IRR
1.038, 95% CI 1.009-1.068; P=.009 for a 1-day interval; IRR
1.013, 95% CI 1.003-1.022; P=.008 for a 5-day interval; IRR
1.008, 95% CI 1.002-1.014; P=.01 for a 10-day interval; IRR
1.006, 95% CI 1.000-1.011; P=.04 for a 15-day interval),
academic score (IRR 0.994, 95% Cl 0.990-0.998; P=.003 for a
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5-day interval; IRR 0.997, 95% CI 0.995-1.000; P=.03 for a
10-day interval; IRR 0.997, 95% CI 0.995-0.999; P=.005 for a
15-day interval), and dropout (IRR 1.015, 95% CI 1.004-1.025;
P=.004 for a 1-day interval; IRR 1.001, 95% CI 1.000-1.002;
P=.049 for a15-day interval) wereidentified as being significant
in females. In the total population, dropout (IRR 1.017, 95%
Cl 1.008-1.025; P<.001 for a 1-day interval; IRR 1.004, 95%
Cl 1.001-1.006; P=.001 for a 5-day interval; IRR 1.002, 95%
Cl 1.000-1.003; P=.01 for a 10-day interval; IRR 1.001, 95%
Cl 1.000-1.002; P=.04 for a 15-day interval), self-harm (IRR
1.009, 95% CI 1.001-1.016; P=.02 for a 5-day interva; IRR
1.005, 95% CI 1.000-1.009; P=.04 for a 10-day interval; IRR
1.004, 95% CI 1.000-1.008; P=.004 for a 15-day interval), and
suicide method (IRR 1.017, 95% CI 1.000-1.034; P=.04 for a
1-day interval; IRR 1.007, 95% CI 1.001-1.013; P=.003 for a
5-day interval) were identified as being significant.

JMed Internet Res 2023 | vol. 25 | e46254 | p. 7
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Choi et d

Table 2. Results from Poisson regression analyses of the associations between relative search volumes of suicide-related search terms and the number

of suicides for each time interval (1 day, 5 days, 10 days, and 15 days).

Population, suicide-related Sum of 1-day-interval
search terms statistically signifi- number of suicides,

Sum of 5-day-interval
number of suicides, IRR  number of suicides, IRR

Sum of 10-day-interval Sum of 15-day-interval number

of suicides, IRR (95% ClI)

cant for least onetimeinterval | RR2 (95% Cl) (95% CI) (95% ClI)
Males
Dropout 1.021 (1.010 to 1004 (10000 1.007)P 1001 (0.999 to 1.003) 1.001 (1.000 to 1.003)
b
1.033)
Mental health center 1.007 (0.998t01.016) 1.004 (1.000 to 1.007) 1.003 (1.000 to 1.006)b 1.003 (1.000 to 1.005)b
Self-harm method 1.010 (1.001 to 1.002 (0.998t01.006)  1.001 (0.997 to 1.002) 1.000 (0.998 to 1.002)
1.019)°
Acetaminophen 1.009(0.999t01.018) 1.002 (0.999101.006) 1,002 (1.000 to 1.004)° 1.002 (1.000 to 1.003)
Females
Self-harm 1.038 (1.009 to 1.013 (1.003t0 1.022)®  1.008 (1.002 to 1.014)" 1.006 (1.000 to 1.011)"
1.068)°
Academic score 0.989(0.978101.000) 0994 (0.990t00.998)° 0.997 (0.995t01.000)®  0.997 (0.995 to 0.999)"
Dropout 1.015 (1.004 to 1.003 (1.000t0 1.005)  1.002 (0.999 to 1.003) 1001 (1.000 to 1.002)P
b
1.025)
Suicide prevention 1.015 (1.003 to 1.003 (0.999 to 1.007) 1.002 (0.999 to 1.009) 1.001 (1.000 to 1.003)
1.026)°
Acetaminophen 1.017 (1.000 to 1.002 (0.999101.005)  1.000 (0.999 to 1.001) 1.001 (0.999 to 1.002)
1.019)°
Domestic violence 0.984 (0.969 to 0.999 (0.994t0 1.003)  1.000 (0.997 to 1.002) 0.999 (0.997 to 1.001)
0.999)°
Suicide prevention center ~ 1.000 (-0.978 to 1.009 (1.001 to 1.016)°  1.004 (0.999 to 1.009) 1.003 (0.999 to 1.007)
1.020)
Total population
Dropout 1017 (1.008 to 1.004 (1.001t0 1.006)°  1.002 (1.000t0 1.003)°  1.001 (1.000 to 1.002)°
1.025)°
Self-harm 1017(0.994101.040) 1,009 (1.001t0 1.016)°  1.005(1.000t0 1.009)®  1.004 (1.000 to 1.008)°
Suicide method 1.017 (1.000 to 1007 (1001 t0 1.013)P 1003 (0.999 to 1.007) 1.003 (1.000 to 1.006)
1.034)°
Suicide prevention 1.011 (1.004 to 1.002 (0.999t0 1.004)  1.001 (1.000 to 1.003) 1.001 (0.999 to 1.001)
1.019)°
Acetaminophen 1.011 (1.001 to 1.001 (0.999101.003)  1.001 (0.999 to 1.002) 1.000 (0.999 to 1.001)
1.015)°
Call for life 0.995(0.988101.002) (997 (0.994 0 0.999)" 0996 (0.996 to 1.000) 0.999 (0.998 to 1.001)
Hanging 1.006(0.995101.015) 1.001 (0.996101.005) 1,004 (1.001 to 1.006)° 1.001 (0.998 to 1.003)

3 RR: incidence rate ratio.
btatistically significant values at P<.05.

Cross-Correlation Analysis

Table 3liststhe cross-correlation coefficientsfor therelationship
between the search volumes of the selected search termsin the
previous step and the daily number of suicides for each time
lag. In mal e adol escents, the term dropout presented the highest
correlation coefficient for atimelag of 0 days (r=0.113). There
was no statistically significant correlation for the term mental

https://www.jmir.org/2023/1/e46254

health center between the time lags of +10 days and +15 days,
which were time intervals identified in the Poisson regression
analyses. In femal e adol escents, the term dropout al so presented
the highest correlation coefficient for a time lag of O days
(r=0.109). Theterm self-harm showed the strongest correlations
for time lags of O days and +1 day (both r=0.135). The term
academic score presented negative associations with the number
of suicidesin femalesin the prior analysis, showing the strongest
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correlation for atime lag of —12 days (r=—0.057). For thetotal r=0.106, respectively). The term self-harm presented the
population, the terms dropout and suicidal method showed the  strongest correlation for atimelag of +7 days (r=0.103) between
strongest correlations for a time lag of O days (r=0.109 and timelags of +5 days and +15 days.
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Table 3. Cross-correlation coefficients for daily number of suicides and relative search volumes of suicide-related search terms.

Timelag Males (r value) Females (r value) Total population (r value)
(days)

Dropout Mental health Dropout Self-harm Academicscore  Dropout Self-harm Suicida

center method

-15 0.022 0.011 0.044 0.0722 -0.017 0.044 0.0922 0.034
-14 0.036 ~0.009 0.038 0.063 ~0.009 00382 0.0742 0.002
-13 0.033 0.029 0.022 0.0532 —0.032 0.022 0.0612 0.011
12 -0.012 0.013 0.030 0.0532 _0.057° 0.030 00522 0.033
-1 -0.020 0.011 0.042 0,073 -0.023 0.042 0.0642 0.043
-10 -0.004 0.020 0.056% 0.0772 -0.022 0.056 0.0712 0.0522
-9 0.013 0.038 0.0472 0.0752 -0.023 0.047 0.0762 0.055
-8 0.032 0.015 0.077% 0.010° —0.001 0077 0.098° 0.053
=7 0.056% 0.024 0.0882 0.090% 0.008 0.0882 0.0752 0.012
-6 0.026 0.043 0.066% 0.0492 ~0.044 0.066 00522 0.019
-5 0.033 0.014 0.0542 0.0692 ~0.010 0.0542 0.057 0.035
—4 0.006 0.032 0.070? 0.0782 -0.020 0.0702 0.0622 0.0492
-3 0.026 0.013 0.070% 0.074% 0.008 0.070% 0.066% 0.0612
-2 0.0512 0.0562 0.0642 0.008% —0.034 0.0642 0.0942 0.0912
-1 0.0682 0.015 0.090% 0.130% 0.015 0.090% 0.1232 0.1002
0 0.113° 0.053% 0.109° 0.135° -0.001 0.109° 0.106% 0.106"
+1 0.0952 0012 0.0782 0.135° 0.019 0.0782 0.1182 0.0972
+2 0.0662 0.021 0.0662 0.1292 -0.016 0.0662 0.1042 0.0652
+3 0.044 0.036 0.0672 0.1122 -0.003 0.067% 0.085% 0.0562
+4 0.050? 0.033 0.0607 0.1072 -0.019 0.060% 0.090% 0.046
+5 0.063? 0.027 0.044 0.1022 -0.027 0.0442 0.0882 0.0552
+6 0.053? 0.027 0.0742 0.1182 0.002 0.0742 0.103° 0.0512
+7 0.0672 0.0722 0.0892 0.1112 0.013 0.0892 0.0762 0.029
+8 0.042 0.019 0.0682 0.0832 0.014 0,068 0.0672 0.020
+9 0.029 0.025 0.0472 0.0952 -0.007 0.0472 0.0872 -0.005
+10 0.020 0.020 0.056% 0.1012 0.012 0.056 0.0812 -0.004
+11 -0.007 0.033 0.044 0103 ~0.009 0.044 0.080% 0.015
+12 0.006 0.013 0.019 0.0902 —0.041 0.019 0.069° 0.045
+13 0.036 0.024 0.032 0.0922 ~0.010 0032 0.0842 0.013
+14 0.050% 0.018 0.039 0.0822 -0.003 0.039% 0.0652 ~0.009
+15 0.022 0.010 0.042 0.0752 0.010 0.0422 0,058 -0.041

gtatistically significant values at P<.05.
bHighest correlation coefficients for 2 significant time intervals.
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Discussion

Principal Findings

This study investigates the association between the number of
suicide deaths and the internet search volumes of terms related
to suicide or self-harm among South Korean adolescents. We
found that the internet search volumefor dropout was correlated
with the number of suicides among South Korean males,
females, and the total population. In males, dropout was the
only internet search term that showed a significant correlation
with the number of suicide deaths. In females, the search
volumes for self-harm were positively correlated while those
for academic score were negatively correlated with the number
of suicides. In the total population, the search volumes for
self-harm and suicidal method were correl ated with the number
of suicides. However, the correlation between the search
volumes and the number of suicideswas relatively weak across
all population groups (IRR 0.990-1.068). The estimated time
lags of the increasing trends between suicide death and search
volumes were shorter than expected, with atime lag of 0 days
predominating. To our knowledge, our study is the first to
investigate the association of the actual daily number of suicides
with the internet search volumes of terms related to suicide or
self-harm.

In the analyses of the correlations between the internet search
terms, we found differences between male and femae
adolescents. In terms of the overall correlation between the
search terms, the correl ations between the terms were stronger
for femal e adol escents than male adolescents. Previous studies
have shown that the purpose of internet use differs between
genders, with thisalso differing between countries[33,34]. Our
correlation results might be due to femal e adol escents using the
internet more for information searching or socia networking
services compared with males who mainly use the internet for
web-based gaming, as reported in previous studies [33,34]. In
male adolescents, a significant within-group correlation was
found for suicide-related terms and self-harm—related terms. In
females, there was also a significant within-group correlation
for suicide-related terms and self-harm—related terms, while a
significant intergroup correlation was also observed between
suicide-related terms and self-harm—related terms. Thisfinding
is consistent with previous findings [35-37] of self-harm and
suicide attempts being much more closely associated with
female than male adolescents. Previous suicide attempts and
self-harm are known to be the most important risk factors for
suicide death [38,39]. Therefore, the stronger correlation
between suicide-related terms and self-harm—related terms in
female adolescents might indirectly indicate that they have a
higher risk of suicide death compared with male adolescents.
In addition, the search trends of suicide prevention terms were
correlated with those of suicide risk factor terms and
suicide-related termsin femal es. Considering that young females
avail psychiatric services more often than males do [40], our
finding suggests that among adol escents who died by suicide,
females were more likely to have sought help. The suicide
prevention effect was found to be stronger in female than in
male adolescents [41]. Thus, providing active treatment to
female adolescents seeking help may be effective for suicide
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prevention, whereas screening to detect suicide risk may be
beneficial for male adolescents (unlike in females).

Inall 3 population groups, theinternet search term dropout was
correlated with the number of suicides. Dropping out of school
is strongly associated with suicidality [42]. Further, truancy is
associated with suicide and self-harm [42] and failing
coursework [43] isassociated with suicidal ideation. Our finding
is consistent with previous reports on the association between
school absenteeism and suicidality among students. Although
the data in our study were collected using teacher reports, and
hence, the adolescents who died by suicide were in school and
had not actually dropped out, they could indirectly represent
the students who were thinking of dropping out. Therefore,
suicide risk assessments of students considering dropping out
of school may be helpful for suicide prevention among students.

In males, the internet search term mental health center was
positively correlated with the number of suicides at time
intervals of 10 days and 15 days. However, there was no time
lag showing a significant correlation in the cross-correlation
analysis; this might be because the RSV for the search term
mental health center was mostly 0 (1290 of 1827 days), which
might have interfered with the analysis results. In females, the
search terms self-harm and academic score were correl ated with
the number of suicides. Self-harm is widely known to be a
significant risk factor for suicide in adolescents [44-46]. In
addition, considering that self-harm is more commoninfemale
adolescents [47], this association might have been more
pronounced in females than that in males. In particular, the
search term academic score was the only search term with a
negative correlation in al population groups. Previous studies
[43,48,49] have shown that low school grades and academic
performance were associated with suicide in youths. South
Korea is well-known for its stressful competitive education
environment, which adversely affectsthe emotional and physical
well-being of adolescents [50]. For these reasons, academic
stress in South Korean adolescents shows strong correlations
with suicidal ideation and suicide attempts [51,52]. However,
the search term academic score showed the strongest negative
correlation with the daily number of suicides for atime lag of
—12 days. This might mean that adolescents searching the
internet for information related to their academic concerns might
indirectly reducetheir suicidal behaviors. In other words, it can
be considered that interest in academic information could be a
protective factor for suicide. Further, this study does not include
adol escents who were not attending school, who are known to
have higher suicide rates than active students [53], which may
have influenced the negative correlation between the search
volume for academic score and the number of suicides.

In the total population, the association between the number of
suicides and the search volume was similar to that observed in
females. This similarity was also demonstrated in the analysis
of the correlation between search terms, which might indicate
that females perform internet searching mainly. The search term
suicide method was correl ated with the number of suicidesonly
in the total population. As reported previoudly, internet use
related to suicide or self-harm is thought to increase the
likelihood of suicide and self-harm [54,55], and the risk of
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suicideis higher for methods of self-harm that are more violent
[56].

Onedifference between our study and previous studies wasthat
the internet search term depression was not associated with the
number of suicides in any population group. Various studies
conducted in the United States[8], United Kingdom [12,57,58],
Ireland [14], Japan [9], and Taiwan [10] have found positive
correlations between search activity related to the term
depresson and suicide ratesnumbers. In contrast, a
multinational study [13] found no correlation between the search
volume for depression and suicides or not even a negative
correlation in some countries. Previous studies have shown that
the findings might differ depending on population sizes and the
national suicide prevention policies. In South Korea, various
suicide prevention policies have been implemented since 2011,
which includeinternet monitoring [59]. According to thispolicy,
when anyone searchesfor termsrelated to suicide or depression
on the internet, the home page of the Korea Suicide Prevention
Center (which is supported directly by the government) will be
displayed. This preventive policy might reduce the suicide risk
of adolescents by preventing access to web pages related to
suicide or depression [60]. However, the search volume for
depression increased significantly 1 day after the suicide death
of a famous Korean singer, which may have influenced the
association with the number of suicide deaths[16].

Our analysis of the time lags between the number of suicides
and the search volume revealed that this was most commonly
0 days, demonstrating a close correlation between internet
searching trends and the actual suicide activity. This might
reflect the impulsiveness of adolescent suicide, which differs
from the characteristics of suicidein other populations. Previous
studies showed that the correlation between news reports about
suicide death of celebrities and the number of suicide deaths
was the strongest within time intervals from 3 days to 10 days
[9,16,17], which contrasts with the generally shorter time
interval among adolescents in our study. However, when
considering the relatively weak correlation for the entire search
term, our results need to be interpreted with caution. Previous
studies using Google Trends [13,61] have also mentioned the
negative outcomes and limitations of using search trends for
behavioral forecasting. These studies have indicated that specific
search activities may not be directly linked to the actual
behavior; different population groups do not perform search
activitiesin the same way, and specific situations could decrease
the accuracy of search trends obtained by RSV, thereby lowering
their reliability.

Nevertheless, unlike previous studies, our study has some
meaningful implications in that it focused solely on children
and adolescents as the participants. By controlling the target
population to children and adolescents, we estimated the direct
internet search activity specifically for adolescents rather than
their indirect exposure via media. This might be because
adolescents have better access to the internet than other
population groups, which leads to more active search activity.
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Therefore, a surveillance system that responds immediately to
search activities related to suicide and self-harm in adol escents
may be needed.

Limitations

This study has several limitations. First, the significant
correlation between internet search volumes and the number of
adol escent suicides does not infer the presence of an antecedent
relationship between the searching of terms related to
suicide/self-harm and suicide. In the same context, the
association in our research results was relatively weak, with an
IRR closeto 1. This might be a characteristic of observational
epidemiological studies, but it is also a limitation of our
research. Second, our study includes adol escent suicidesreported
by schools and does not include out-of-school adolescents,
hence, our findings cannot represent all the suicides among
South Korean adolescents. However, in South Korea, education
is compulsory up to the middle-school level, and the dropout
rate of high-school studentsin 2021 wasonly 1.5% [25], which
means that the sample in this study represents amost all
adolescents in South Korea. Third, we did not compare the
association between the internet search volume and the number
of suicides by categorizing the search methods as personal
computers and mobile devices, and hence, this should be
investigated accordingly in future research. Fourth, we did not
adjust for external factors such asweather, economic conditions,
or celebrity suicidesthat could influence suicideratesin children
and adol escents. Fifth, we could not include searches performed
by adolescents who did not log into the internet search engine.
These limitations may have affected the identified correlations
between the search volumes and the number of suicides, perhaps
leading to false-positive results. Sixth, we did not include
universal terms related to suicide/self-harm used globally, but
we only used search terms that consider the characteristics of
suicide and self-harm in South Korean adolescents [ 24,28]. For
example, search volumes for other methods of suicide and
self-harm, such asfirearm use, were not included in the analysis.
Therefore, there are limitations to generalizing our research
findings globally.

Conclusions

In this study, we identified associations between the internet
search volumes of terms related to suicide/self-harm and the
number of South Korean adolescent suicides, with gender
differencesin these associations. Thetimelag with the strongest
correlation between theinternet search volume and suicide death
was very short. Given that adolescent suicide has
multidimensional risk factors, the search volume does not
directly indicate the cause of suicide, but it can indirectly predict
the increasing trend in the number of suicides as the search
volumeincreases. However, the correl ation between the number
of suicide deaths and internet searcheswasrel atively weak, and
there are still limitations in utilizing our findingsin real world.
Further research will be necessary in the future to establish a
sensitive internet surveillance system.
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