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Abstract

Objective

Suicide-related internet search patterns may reflect population-level behavioral
responses to suicide risk. This study investigated the temporal associations between
suicide-related internet search volumes and weekly suicide rates in Korea using rig-
orous time-series methodologies.

Methods

Weekly suicide rates and search volumes for 25 suicide-related terms were obtained
from national mortality records and Naver DatalLab for two distinct periods: 2016—
2019 and 2020-2023. Prewhitening was applied to mitigate spurious correlations, fol-
lowed by cross-correlation analyses to assess temporal relationships at lags ranging
from 0 to 8 weeks.

Results

Searches for “psychiatry” and “workplace stress” demonstrated consistent contem-
poraneous correlations across both study periods. During the 2020—-2023 period,
significant contemporaneous associations were also observed for prevention-related
terms (e.g., “suicide crisis counseling,” “1577-0199,” “psychological counseling”),
“fatigue,” “suicide urges,” and “suicide death benefit.” In contrast, “depression” exhib-
ited a significant association only during the 2016—-2019 period. Across all findings,
the observed effect sizes were modest.
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Conclusions

Specific internet search terms, particularly those related to suicide preven-

tion resources and occupational stress, exhibit temporal associations with
population-level suicide rates. These findings suggest that monitoring online
help-seeking behaviors and work-related stressors could serve as useful indicators
for public health planning, although further research is required to elucidate underly-
ing mechanisms and determine practical applications.

Introduction

As internet use has become ubiquitous, individuals at imminent risk of suicide may
increasingly seek suicide-related information online immediately before an attempt or
death [1,2]. Exposure to online content regarding suicide methods, pro-suicide web-
sites, and related topics can influence behavior and heighten risk among vulnerable
individuals [3,4]. Accordingly, examination of suicide-related search behaviors may
yield important insights into the patterns and determinants of suicidal behavior [5,6].

Recent research has examined associations between suicide rates and search
volumes for suicide-related keywords on major search engines, primarily using
time-series methods [7,8]. Searches for terms broadly related to suicide (e.g., “sui-
cide,” “self-harm,” “depression”) and for method-related terms (e.g., “poisoning,”
“suffocation,” “jumping”) have shown significant temporal associations with suicide
rates at contemporaneous or lagged intervals [9—11]. However, the consistency of
these findings is limited, in part due to methodological challenges, including suscepti-
bility to spurious correlations [12,13]. These limitations underscore the need for more
rigorous statistical approaches.

Suicide remains a major public health concern in Korea, with annual rates around
25 per 100,000, approximately twice the Organisation for Economic Co-operation
and Development (OECD) average [14]. This elevated burden highlights the need
to clarify risk factors and identify effective intervention points in the Korean context
[15]. Korea’s high level of internet penetration provides an opportunity to investigate
suicide-related behaviors through analyses of digital search patterns [16]. While
several studies have examined suicide-related search behaviors among adolescents,
evidence for the general population remains limited [17,18]. Broadening the focus to
the general population may yield actionable insights to inform strategies addressing
Korea’s persistently high suicide mortality.

In this study, we investigated the temporal relationship between national suicide
rates and suicide-related internet search volumes in Korea using cross-correlation
analysis. To better capture short-term associations, we analyzed weekly time-series
data and performed separate analyses for the periods 2016—2019 and 2020-2023 to
account for societal and technological changes, including the COVID-19 pandemic
and shifts in internet search behavior. We strengthened methodological rigor by
applying prewhitening prior to cross-correlation analysis, thereby minimizing the risk
of spurious correlations.
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Materials and methods
Data sources and study population

We analyzed mortality data from the Microdata Integrated Service of Statistics Korea (accessed on 12/12/2025), which
included sex, age, date of death, and cause of death for all deaths occurring between 2016 and 2023 (N =7,298,820) [19].
Weekly suicide deaths (International Classification of Diseases, Tenth Revision (ICD-10) codes X60—X84) were identi-
fied from among the 104 causes of death classified by Statistics Korea. During the study period, 53,143 suicide deaths
occurred between January 4, 2016, and January 5, 2020, and 53,221 between January 6, 2020, and December 31, 2023,
totaling 106,364 deaths. Monthly population data for 2016—2023 were obtained from the Korean Statistical Information
Service’s resident registration records (accessed on 12/12/2025) [20]. Weekly suicide rates were calculated as the num-
ber of suicides per week divided by the corresponding monthly population, multiplied by 100,000.

We systematically selected 25 Korean search terms related to suicide based on prior literature regarding inter-
net searches, the clinical expertise of the research team—comprising psychiatrists and suicide prevention special-
ists with extensive experience in Korean suicide epidemiology—and the terms’ alignment with key dimensions of
suicide epidemiology in Korea, including methods, risk factors, and prevention resources [8—13,16—18]. The terms
were grouped into five categories: general (suicide, suicide urges, self-harm, suicide note, suicide death benefit);
method-related (suicide method, sleep pills, charcoal briquette [charcoal-burning suicide method], jumping, pro-
suicide website); reason-related (debt, unemployment, workplace stress, divorce, bullying); prevention-related (suicide
crisis counseling, 1577-0199 [national hotline], suicide prevention center, psychiatry, psychological counseling); and
symptom-related (depression, anxiety, insomnia, loneliness, fatigue), as detailed in S1 Table. Weekly search volume
data were obtained from Naver DatalLab (https://datalab.naver.com), the dominant search engine in Korea (accessed
on 12/12/2025) [21]. For each of the 25 selected terms, weekly search volumes were retrieved for two distinct periods:
January 2016 to December 2019 and January 2020 to December 2023. Data extraction parameters included both
mobile and desktop platforms, encompassing all age groups and genders. Naver DatalLab provides normalized weekly
search volumes, wherein the week with the highest search activity within a given period is assigned a value of 100,
and all other values are scaled proportionally.

Statistical analyses

All analyses were conducted separately for 2016—2019 and 2020-2023. To ensure consistency in data scaling, weekly
suicide rates were rescaled within each period to match the normalized scale of weekly search volumes from Naver
DataLab (maximum set to 100). Both weekly suicide rates and search volumes were square root—transformed to stabilize
variance.

To minimize spurious correlations, prewhitening was applied. The optimal (seasonal) autoregressive integrated mov-
ing average ((S)ARIMA) model was first fitted to each search volume (explanatory) series and then applied to both the
explanatory and suicide rate (dependent) series. In this approach, the explanatory series is modeled and prewhitened,
and the resulting model is then applied to the dependent series; any remaining correlation represents a genuine temporal
relationship rather than one arising from shared trends, seasonality, or other time-dependent patterns [12,13]. For each
search term, the best-fitting (S)ARIMA model was selected using the auto.arima function in the “forecast” package in R,
with both stepwise selection and approximation disabled to maximize accuracy [22]. Model adequacy was assessed using
the Box-Ljung test. Using the selected parameters, (S)ARIMA models were fitted to the search volume series with the
arima function in the “TSA” package, and the fitted models were then applied to the suicide rate series [23]. The prewhiten
function in the “TSA” package was used to jointly filter both series and compute cross-correlation coefficients (CCFs) in
a single step. CCFs were calculated for lags ranging from 0 to 8 weeks (restricted to positive lags) to determine whether
search volumes coincided with or preceded suicide rates.
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Statistical significance was assessed at a Bonferroni-adjusted level (a=0.05/50 for two-sided testing, equivalent to
P<0.001), correcting for 25 search terms across two periods. Cross-correlations significant in both periods were consid-
ered robust; those significant in only one period were interpreted as period-specific or inconclusive; those not significant
in either period were considered non-significant. All analyses were performed using R version 4.4.3 (R Foundation for
Statistical Computing, Vienna, Austria).

This study was approved by the Institutional Review Board of Chonnam National University Hospital (IRB No. CNUH-
EXP-2025-254). As only publicly available data were analyzed, informed consent was not required.

Results

The adequacy of all fitted (S)ARIMA models for the 25 suicide-related search terms across five categories was supported
by non-significant Box—Ljung test results in both 2016—2019 and 2020-2023 (S2-S6 Tables).

In the general category, “suicide urges” and “suicide death benefit” showed significant positive correlations with suicide
rates at lag 0 during 2020—2023 (r=0.261 and r=0.303, respectively), but not in the earlier period (Fig 1). “Suicide,” “self-
harm,” and “suicide note” were not significantly correlated with suicide rates at any lag (0—8 weeks) in either period.

Method-related search terms showed no significant correlations with suicide rates at any lag in either period (Fig 2).

In the reason-related category, only “workplace stress” demonstrated significant positive correlations at lag 0 in both
2016-2019 (r=0.232) and 2020-2023 (r=0.241), indicating a consistent contemporaneous association with suicide rates.
“Debt,” “unemployment,” “divorce,” and “bullying” were not significantly correlated in either period (Fig 3).

Among prevention-related terms, “psychiatry” showed significant correlations at lag 0 in both periods (2016-2019:
r=0.250; 2020-2023: r=0.266). In addition, during 2020-2023, “suicide crisis counseling” (r=0.266), “1577-0199”
(r=0.238), and “psychological counseling” (r=0.255) were also significant at lag 0. “Suicide prevention center” was not
significantly correlated in either period (Fig 4).

In the symptom-related category, “depression” was significantly associated with suicide rates at lag 0 in 2016-2019
(r=0.303), but not in 2020-2023. Conversely, “fatigue” was significant at lag 0 in 2020-2023 (r=0.391), representing the
highest correlation across all terms and periods. “Anxiety,” “insomnia,” and “loneliness” were not significantly correlated
with suicide rates in either period (Fig 5).

Discussion

This study investigated the temporal associations between suicide-related internet searches and population-level suicide
rates in Korea using a prewhitened cross-correlation approach. Of the 25 search terms examined across two periods, 9
showed statistically significant associations at the population level, with “psychiatry” and “workplace stress” demonstrat-
ing robust contemporaneous correlations across both study periods. In the more recent period (2020-2023), additional
prevention-related terms and “fatigue” also exhibited significant contemporaneous associations; however, these were
period-specific and warrant cautious interpretation. Despite modest effect sizes and the limited number of significant asso-
ciations, the observed patterns suggest that population-level monitoring of help-seeking behavior and occupational stress
may serve as useful indicators of suicide risk from a public health perspective.

Recent studies have examined temporal associations between suicide-related internet search volumes and sui-
cide rates using time-series approaches. Research in Taipei found that searches for “major depression,” “suicide,” and
“domestic violence” coincided with suicide deaths, whereas searches for “divorce” and “complete guide of suicide” pre-
ceded increases by one to two months [8]. In England and Wales, searches for “depression,” particularly when combined
with “help,” were associated with suicide rates within the same month, while direct searches for “suicide” or its methods
had limited predictive value [9]. Korean adolescent studies reported that spikes in “self-harm” and “dropout” searches
most strongly coincided with suicide deaths at zero-day lag [17,18]. To reduce the risk of spurious correlations, recent
studies have applied prewhitening in cross-correlation analyses. In a U.S. study, only a small number of terms, such
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Fig 1. Cross-correlation between weekly search volumes for general suicide-related terms and suicide rates in South Korea for 2016-2019
and 2020-2023. Bars represent cross-correlation coefficients for lags of 0-8 weeks; blue bars show results for 2016—2019, and orange bars show
results for 2020-2023. Filled bars indicate statistically significant correlations. Horizontal dashed lines denote the threshold for statistical significance.

https://doi.org/10.1371/journal.pone.0341656.9001
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Search term: suicide method
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Fig 2. Cross-correlation between weekly search volumes for method-related terms and suicide rates in South Korea for 2016-2019 and
2020-2023. Bars represent cross-correlation coefficients for lags of 0—8 weeks; blue bars show results for 2016—-2019, and orange bars show results for
2020-2023. Filled bars indicate statistically significant correlations. Horizontal dashed lines denote the threshold for statistical significance.

https://doi.org/10.1371/journal.pone.0341656.9002
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Fig 3. Cross-correlation between weekly search volumes for reason-related terms and suicide rates in South Korea for 2016—2019 and
2020-2023. Bars represent cross-correlation coefficients for lags of 0—8 weeks; blue bars show results for 2016—-2019, and orange bars show results for
2020-2023. Filled bars indicate statistically significant correlations. Horizontal dashed lines denote the threshold for statistical significance.

https://doi.org/10.1371/journal.pone.0341656.9003
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Fig 4. Cross-correlation between weekly search volumes for prevention-related terms and suicide rates in South Korea for 2016-2019 and
2020-2023. Bars represent cross-correlation coefficients for lags of 0—8 weeks; blue bars show results for 2016—-2019, and orange bars show results for
2020-2023. Filled bars indicate statistically significant correlations. Horizontal dashed lines denote the threshold for statistical significance.

https://doi.org/10.1371/journal.pone.0341656.9004
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Fig 5. Cross-correlation between weekly search volumes for symptom-related terms and suicide rates in South Korea for 2016-2019 and
2020-2023. Bars represent cross-correlation coefficients for lags of 0—8 weeks; blue bars show results for 2016—-2019, and orange bars show results for
2020-2023. Filled bars indicate statistically significant correlations. Horizontal dashed lines denote the threshold for statistical significance.

https://doi.org/10.1371/journal.pone.0341656.9005
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as “generalized anxiety disorder,” “anxiety disorder,” and “laid off,” showed persistent associations with suicide rates,
while many traditional suicide and depression terms did not [12]. A cross-national analysis found no robust associations
between Google Trends suicide-related search volumes and suicide rates [13]. Collectively, these findings suggest a
potential temporal relationship between suicide-related internet search activity and suicide outcomes. However, evidence
across studies remains heterogeneous and inconsistent. This inconsistency highlights the necessity of employing rigorous
statistical approaches, such as prewhitening, to determine whether robust associations persist and to minimize the spuri-
ous correlations.

To clarify the temporal association between suicide rates and suicide-related internet searches, we applied a rigorous,
contextually informed methodology. Search terms were systematically selected to capture key aspects of suicide epide-
miology in Korea, including common causes, prevalent methods, major prevention resources, and terms examined in
previous research. The use of weekly rather than monthly data enabled finer temporal resolution. To mitigate the risk of
spurious correlations arising from the pronounced seasonality and non-stationarity inherent in suicide time-series data,
prewhitening techniques were implemented, and model adequacy was subsequently verified using the Ljung-Box test.
Analyses were performed separately for 2016—2019 and 2020-2023 to account for societal and technological changes,
including increased mobile internet use, shifts in search engine preferences, and the impact of the COVID-19 pandemic
[24,25]. Multiple testing corrections were applied to enhance the robustness of the results. Taken together, these method-
ological strengths increase the validity and interpretability of the observed findings.

A key finding of this study was the relatively strong contemporaneous correlation between suicide rates and search vol-
umes for terms related to suicide prevention, particularly when compared to the other search terms examined. Searches
for “psychiatry” showed consistent positive correlations with suicide rates in both 2016-2019 and 2020-2023, indicating a
stable association over time. In the more recent period, additional prevention-focused terms, such as “suicide crisis coun-
seling,” “1577-0199,” and “psychological counseling,” also became significant, possibly reflecting increased mental health
awareness and help-seeking during and after the COVID-19 pandemic. During this time, Korean media more frequently
included prevention resources, such as hotline numbers, in suicide-related news coverage, in accordance with updated
reporting guidelines [26]. This pattern is consistent with findings from England and Wales, where increased searches for
“depression help” and “suicide prevention” were also associated with suicide rates [9]. In contrast to the positive associa-
tion observed in our study, research conducted in California and Arizona reported that prevention-related searches were
followed by a decrease in emergency department visits for suicidality [27]. This finding aligns with evidence from other
studies suggesting that effective help-seeking and crisis support can reduce the risk of suicide attempts [28]. In Korea,
however, the concurrent rise in suicide rates and prevention-related searches may indicate barriers such as limited aware-
ness, restricted accessibility, and persistent stigma, leading individuals to seek help online without subsequently engaging
with available services [29]. Enduring cultural stigma surrounding mental health care may further limit the effectiveness
of help-seeking [30]. These findings underscore the need not only to improve access to and effectiveness of crisis and
mental health services in Korea, but also to address societal barriers and stigma to maximize the population-level impact
of suicide prevention efforts.

Another important finding was the significant positive contemporaneous correlation between suicide rates and search
volumes for “workplace stress” in both study periods. International evidence suggests that 10—13% of suicide deaths may
be attributable to adverse working conditions [31]. In Korea, although nearly half of suicides occur among the economi-
cally active population, only 3-5% are formally classified as work-related, suggesting that occupational stress may contrib-
ute to more suicides than officially recognized, likely due to overlap with other mental health or socioeconomic factors [32].
The higher likelihood of workforce members engaging in internet searches may also partly explain the strong association
observed. The role of occupational stress is further supported by Korean studies linking burnout and exhaustion, core fea-
tures of workplace stress, to suicidal ideation among employees [33]. Consistent with this, we observed a positive correla-
tion between searches for “fatigue” and suicide rates in recent years, supporting the interpretation of fatigue as a marker
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of occupational exhaustion and a potential risk factor for suicide [34]. Fatigue is recognized as a significant predictor of
suicidal ideation not only among individuals experiencing workplace stress but also in the general population [35]. These
findings underscore the need for systematic monitoring of occupational stress and fatigue as key indicators of suicide
risk in both clinical and community settings. However, the underlying mechanisms by which population-wide changes in
searches for “workplace stress” and “fatigue” coincide with increases in suicide rates remain unclear. Furthermore, given
the aggregate nature of the data, we cannot determine whether the individuals conducting these searches are the same
individuals at elevated risk of suicide.

Several search terms exhibited significant associations in only one of the two study periods. As indicated in our Meth-
ods, these period-specific findings should be interpreted as inconclusive rather than robust, as they may be attributable to
chance or transient contextual factors rather than stable temporal relationships. “Depression” showed a significant con-
temporaneous correlation with suicide rates only before 2020, whereas “suicide urges” were significant only after 2020.
These period-specific patterns may reflect contextual influences, including the COVID-19 pandemic and broader social
changes affecting public attention and internet search behaviors [25]. However, because each term was significant in
only one period, these associations may be inconclusive or attributable to chance rather than representing robust tem-
poral relationships. Prior studies have generally reported inconsistent or weak associations between searches for broad,
non-specific suicide-related terms (e.g., “suicide,” “depression”) and suicide rates [12,13]. The emergence of “suicide
death benefit” as a significant correlate in the recent period may be related to increased public debate and legislative
changes concerning suicide-related insurance in Korea, potentially influencing search behavior [36]. Furthermore, we
observed only limited correlations for direct suicide/self-harm terms and method-specific queries, contrary to concerns that
such searches might precipitate increases in suicide outcomes; this pattern may partly reflect search engine restrictions
on sensitive suicide-related content [37].

All significant correlations between suicide-related search volumes and suicide rates occurred within the same week
(lag 0), with no meaningful correlations at longer lags. This finding is consistent with prior research in Korean adoles-
cents, which reported the strongest associations between suicide-related searches and suicide deaths at short tempo-
ral intervals, particularly in daily or weekly analyses [17,18]. These results suggest that suicide-related search activity
in Korea may intensify immediately before suicidal acts. However, in the present study, the observed correlations were
modest (approximately r=0.25), and searches involving explicit suicidality (e.g., “suicide,” “self-harm,” “suicide note,”
method-specific terms) were not significantly associated with suicide rates. Accordingly, real-time surveillance based on
suicide-related queries may have limited utility for prevention [13]. Instead, the high frequency of help-seeking searches
immediately preceding suicide events underscores the importance of improving public awareness, accessibility, and effec-
tiveness of prevention services to ensure timely support for individuals in crisis [5,6].

This study has several limitations that should be considered when interpreting the findings. First, the observed associations
represent temporal correlations and do not imply causality. Future research employing alternative methodologies is required to
elucidate the direction and nature of these relationships. Second, only a predefined set of search terms was examined based
on prior literature and clinical expertise. Consequently, other relevant search behaviors may not have been captured. While our
ecological approach utilizing aggregate data differs from individual-level research, future studies involving individuals with lived
experience could help identify additional search terms not captured here. Third, the analysis was based on data from a single
search engine and aggregated at the population level; findings may differ for other search platforms or specific demographic
subgroups. Fourth, while statistically significant associations were observed, effect sizes were modest and temporal stability
was limited. Only two terms were consistent across both study periods, whereas the remaining seven were period-specific and
thus inconclusive. This lack of consistency warrants caution in interpretation and limits the generalizability of the findings. Finally,
as this is an ecological study, the results are subject to the ecological fallacy and cannot be extrapolated to individual-level
behavior. The observed associations may reflect shared socioeconomic conditions or media coverage rather than serving as
direct indicators of individual suicidal intent, thereby limiting the utility of internet search data for suicide prediction.
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This study demonstrated that specific internet searches, particularly those related to suicide prevention resources and
occupational stress, exhibit temporal associations with suicide rates in Korea. These findings offer insights into the behav-
ioral patterns and contextual factors associated with suicide risk at the aggregate level. However, given that these asso-
ciations were modest in magnitude and cannot identify or predict individual suicide risk, the results should be interpreted
with caution. While these findings may inform public health planning by enhancing our understanding of suicide dynamics,
further research is needed to determine their effective application in prevention strategies.
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