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Abstract

Background: Internet search query data reflect the attitudes of the users, using which we can measure the past orientation to
commit suicide. Examinations of past orientation often highlight certain predispositions of attitude, many of which can be suicide
risk factors.

Objective: To investigate the relationship between past orientation and suicide rate by examining Google search queries.

Methods: We measured the past orientation using Google search query data by comparing the search volumes of the past year
and those of the future year, across the 50 US states and the District of Columbia during the period from 2004 to 2012. We
constructed a panel dataset with independent variables as control variables; we then undertook an analysis using multiple ordinary
least squares regression and methods that leverage the Akaike information criterion and the Bayesian information criterion.

Results: It was found that past orientation had a positive relationship with the suicide rate (P≤.001) and that it improves the
goodness-of-fit of the model regarding the suicide rate. Unemployment rate (P≤.001 in Models 3 and 4), Gini coefficient (P≤.001),
and population growth rate (P≤.001) had a positive relationship with the suicide rate, whereas the gross state product (P≤.001)
showed a negative relationship with the suicide rate.

Conclusions: We empirically identified the positive relationship between the suicide rate and past orientation, which was
measured by big data-driven Google search query.

(J Med Internet Res 2016;18(2):e35) doi: 10.2196/jmir.4981
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Introduction

Recently, the new approach of using big data to find complex
or hidden social phenomenon has been trending in different
fields of research. In particular, as the Internet is an integral part
of the current society, Internet search query data are now
considered useful in analyzing consumer behavior [1,2] and
disease surveillance [3-5]. In line with this, several studies have

examined the relationship between suicide rates and Internet
search queries [6-10]. Gunn and Lester [6] found that there is
a correlation between search query volume and suicide, using
search terms such as “how to suicide” and a cross-sectional
study of a US state in 2009. Through time-series data analysis
of Japanese data, Hagihara et al [7] found that the number of
suicide-related queries tends to increase before the increase in
suicide rate. In summary, previous studies have mainly
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examined the correlation between the suicide rate and Internet
search behavior as a warning sign of suicide by examining
time-series or cross-sectional data.

Furthermore, Internet search queries and online social media
reflect the collective consciousness of the society [1,11,12].
Google’s page rank algorithm is also based on collective
consciousness [13]. Preis et al [14] developed the future
orientation index of the people of a country by utilizing search
query data and calculating the ratio of the future year phrase of
the Google search queries index to that of the past year. Through
this process, the authors tried to measure a regional preference
of future time perspective by quantifying future orientation
index. Although we used the orientation index term followed
by Preis et al [14] along with time perspective, its mean is the
same as the one in this research. This future orientation index
has been found to have a positive correlation with the gross
domestic product (GDP) of a country [14]. Thus, it is possible
to detect the specific attitudes of the populace by examining
Internet search query data.

Further, although attitudes are significant reflectors of suicidal
tendency among adolescents [15,16], it is difficult to quantify
the suicide risk, given the lack of criteria linking personality
and suicide [17]. Yufit and colleagues [17,18] insist that
distortions of time perspective cause people to commit suicide.
Keough et al [19] insist that people categorized their perceptions,
events, or plans into the past, present, and future perspectives,
and the time perspective was utilized to form memories or goals;
thus, it is also possible to predict some behavior such as smoking
and drinking by investigating the time perspective. In particular,
past orientation was found to create unattained goals [20], and
a severe past orientation often related to life regrets [21]. Many
depressed persons are troubled by past events and memories,
relative to those from the present or aspirations of the future
[22]. For these reasons, having a past orientation can be a risk
factor for suicide.

However, to the best of our knowledge, no study has considered
the regional attitudes—especially the past orientation of
residents—and relationship between suicide rate and past
orientation using Internet search query. Survey-based
measurements of past orientation have limitations. First, it is
difficult to collect big-data samples that measure past orientation
across various regions over a long-term period, because
questionnaire investigations that measure time perspectives tend
to be economically infeasible. Second, survey-based
measurement can also succumb to social desirability bias. To
overcome these limitations, we measured past orientation using
Google search query rather than survey data. To be precise, we
measured past orientation through the use of modified Preis et
al’s [14] future orientation index. These data are derived from
the Google portal’s big search query data, and hence, these are
reliable. Further, the nature of the data makes it possible to
measure past orientation in various countries or regions and
over long-term periods, and thus, to construct panel data.
Ultimately, we conducted a study under the assumption that
past orientation has a positive relationship with the suicide rate;
to this end, we examined the relationship between past
orientation and suicide rate among the US states between 2004

and 2012 by using panel ordinary least squares (OLS)
regression.

More specifically, we measured the past orientation of residents
of the United States annually by state, based on big data-driven
Google search queries. Next, we controlled independent
variables such as the unemployment rate and Gini coefficient.
In addition, we arranged the given data as panel data to improve
their reliability. Previous suicide studies that utilized Google
search queries mainly used time-series and cross-sectional data.
Finally, we examined the relationship between suicide rates and
past orientation. Besides, to verify robustness of the past
orientation variable and our regression model, we calculated
the goodness-of-fit of all possible variable combinations through
the Akaike information criterion (AIC) and the Bayesian
information criterion (BIC) methodologies.

The remainder of this paper is organized as follows. The
“Methods” section outlines the methods and variables used to
measure past orientation using Google search queries. This
section also presents the research model that we use. In the
“Results” section, we present the empirical results regarding
past orientation and other independent variables by US state.
Finally, in the “Discussion” section, we discuss our results, the
implications with respect to past orientation, and this study’s
limitations.

Methods

Past Orientation, Examined Through Google Search
Queries
Wohlford [23] measured the time perspective by examining
responses to the Thematic Apperception Test (TAT). In concrete
terms, when measuring the time perspective using this test, the
participant writes a story that features past, present, or future
viewpoints, in accordance with the TAT cards provided. Then,
based on the outcome of that story, a score is generated that
reflects the participant’s degree of preference for the past versus
the future [24]. Furthermore, the Zimbardo Time Perspective
Inventory (ZTPI), a questionnaire method to improve
subjectivity of TAT, was developed to measure time perspective
[19]. ZTPI measures the individual’s time perspective (future,
present, and past) through a questionnaire. In summary, the
methods of measuring the time perspective center on finding
one’s preference vis-à-vis time orientation among the past,
present, and future through the questionnaire method.

Similarly, Preis et al [14] quantified the future orientation index
of a country by utilizing search query data. To measure the
future orientation index, Preis et al [14] calculated the ratio of
the future year (eg, ‘‘2010” in 2009) phrase of the Google search
queries index to that of the past year (eg, ‘’2008’’ in 2009). We
measured the past orientation of state residents each year and
calculated the ratio of the past year (eg, ‘‘2008’’ in 2009) phrase
of the Google search queries index to that of the future year (eg,
‘‘2010’’ in 2009) by US state. For each year, “past year” and
“future year” phrases were changed according to the base year.
For example, past orientation in 2010 is the ratio of the “2009”
phrase of the Google search queries index to the “2011” phrase
of the Google search queries index. For another example, past
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orientation in 2006 is the ratio of the “2005” phrase of the
Google search queries index to the “2007” phrase of the Google
search queries index. In this way, we calculated the past
orientation of residents of the 50 US states and the District of
Columbia between 2004 and 2012. While Preis et al [14]
conducted an international comparison of 45 countries for 3
years, we performed an intranational analysis of 50 US states
and the District of Columbia for 9 years. As a result, although
we controlled variables such as gross state product (GSP), other
factors that can affect suicide rate (eg, cultural difference) also
needed to be controlled. In addition, if we analyze international
countries, aggregating different sources of suicide rate data in
different countries is unavoidable; however, this can cause a
data quality problem. Based on this criterion, we were able to
measure past orientation index by using Google search query
data and comparing yearly search volumes in past and future
years among residents of the 50 US states and the District of
Columbia. In addition, although Preis et al [14] excluded
countries with population less than 5 million, because of the
possible inaccessibility of search query data due to the low
number of search queries, search query data in US states are
sufficiently accessible without any exception. Also, in the US,
Internet penetration and Google market share are sufficiently
high to utilize search query data. According to internetlivestats,
penetration rates of Internet in the US in 2004 and 2012 are
64.76% and 81.03%, respectively.

Returning to the model, Equation (1) is the formula we used to
quantify past orientation. The method for calculating the Google
search query index for each numerator and denominator is
identical to that with regard to Google Trends.

Past orientationit = 100 × {[Number of Google search – queries
for “past year”]it/[Number of Google search – queries for “past
year”]max}/{[Number of Google search – queries for “future
year”]it/[Number of Google search – queries for “future
year”]max} (1)

The numerator in Equation (1), that is, is the index of Google
search queries in the past year for state i during the year t.
Specifically, [Number of Google search queries for “Past
year”]max is the “past year” search volume that is the largest
“past year” search volume among the 50 US states and the
District of Columbia in the year t. We then calculated the
standardized relative proportion of search volume for the “past
year” phrase by state i.

Furthermore, the denominator is a Google search query index
for “future year” for state i during the year t. The rest of the
calculation is identical to that of the previous denominator for
“past year.” In more concrete terms, we utilized Google search
query data from Google Trends, which provides Google search
query data over time and by region, such as by country or state.
Finally, the measured past orientation was found to vary from
0.775 to 1.517 by state during the analysis period from 2004 to

2012. Figure 1 shows state-specific average past orientation
and average suicide rates.

In Figure 1, Montana, Maine, and Oregon showed a high past
orientation value. By contrast, Maryland, California, and
Georgia showed a relatively low past orientation value. We
examined the past orientation differences among states to
determine how they may affect state-specific suicide rates.

Dependent Variable
Suicide rates for each of the 50 US states and the District of
Columbia for the 2004-2012 period were obtained from the
Centers for Disease Control and Prevention’s deaths data. The
suicide rate unit is the number of suicides per 100,000
population. These data are originally recorded on death
certificates and filed on states registration offices, and the
suicide statistic is processed by Vital Statistics Cooperative
Program of Centers for Disease Control and Prevention [25].

There was some variation among the suicide rates of the US
states. Figure 1 shows state-specific average suicide rates.
Wyoming, Montana, Nevada, Oregon, and Maine recorded
higher average suicide rates; in particular, Montana, Maine, and
Oregon had high past orientation values. By contrast, the average
recorded suicide rates of Massachusetts, New York, and
California were relatively low.

Independent Variables
In this study, we used independent variables that were mainly
used in previous studies. These variables also served as control
variables in pinpointing the determinants of suicide in the US
states. Detailed descriptions of the variables are presented in
Table 1.

Gini Coefficient
This variable is an index that indicates the relationship between
the population distribution and the distribution obtained, where
an index value of 0 signifies complete equality and 1 signifies
complete inequality. Gunnell et al [27] used the Gini coefficient
variable as an income inequality factor to investigate the
determinants of the suicide rate; they found that the Gini
coefficient has a statistically significant and positive correlation
with the suicide rate. In this study, the Gini coefficient variable
was used as a control variable to represent income inequality.

Unemployment Rate
The unemployment rate is taken on an annual basis. Yang [28]
analyzed the US suicide rate in the 1940-1984 period by using
single-equation regression. In that study, the unemployment
rate was found to have a significantly positive correlation with
the suicide rate of white men. Neumayer [29] also found that
the unemployment rate had a positive correlation with the
suicide rate. While we used this as a control variable, we also
expected it to affect the suicide rate positively.
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Figure 1. Past orientation index and suicide rates by US state.

Table 1. Variable descriptions.

SourceScaleUnitDescriptionTimeStateVariable

Centers for Disease Control and
Prevention’s deaths data

Per 100,000
population

Suicide rateOOaSuicide rate

Bureau of Labor Statistics: local
area unemployment statistics

PercentageUnemployment rateOOUnemployment rate

US state-level income inequality
data [26]

Index

(0-1)

Gini coefficient, an index show-
ing the relationship between the
population distribution and the
distribution obtained;

0 = completely equal, 1 = com-
pletely unequal conditions

OOGini coefficient

US Department of Commerce/Bu-
reau of Economic Analysis/Re-
gional Income Division

/106USDGross state productionOOGSP

US Department of Commerce/Bu-
reau of Economic Analysis/Re-
gional Income Division

PercentagePopulation growth rateOOPopulation growth rate

Google TrendsIndexA ratio of “past year” phrase of
Google search queries index to
“future year” phrase of Google
search queries index

OOPast orientation

aO: State specific and/or time specific.
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Gross State Product
The GSP refers to the economic outcome of a state. This variable
indicates the degree of wealth by state. Similarly, some studies
found income or GDP to have a positive correlation with the
suicide rate [30-32], whereas others found a negative correlation
[29,33-36]. Specifically, Neumayer [29] examined the
relationship between GDP per capita and the suicide rate in 68
countries over the 1980-1999 period. In that study, the GDP
per capita was found to have a negative correlation with the
suicide rate. By contrast, Hintikka et al [32] found that in
Finland, the suicide rate increased whenever the economy was
on an upswing, and decreased whenever there was an economic
recession. We used GSP as a control variable.

Population Growth Rate
A state’s population growth rate is its annual rate of population
change. Zhang [37] found that among 60 countries in the
1980-1986 period, the population growth rate negatively
correlated with the suicide rate. Durkheim [38] asserted that
suicide started with modernization, and Zhang [37] interpreted

population growth rate as a modernization indicator. In the past,
modernized countries were inclined to have a low population
growth rate. However, our study examined an already
sufficiently modernized period and place and investigated
intranational (US states) comparisons, so it is difficult for this
study to represent that state’s population growth rate to indicate
the modernization degree. However, because US states with
high population growth rate tend to have high number of
immigrants or temporal migrants for employment [39], it can
negatively affect suicide rate.

Past Orientation
This variable consists of Google search query values, as
described in the “Methods” section. It is calculated as a ratio of
the “past year” phrase of a Google search query index value to
the “future year” phrase. We conducted this study under the
assumption that past orientation has a positive relationship with
the suicide rate. Tables 2 and 3 present the summary statistics
(including variance inflation factor for multicollinearity check)
and correlation matrix of the data, respectively.

Table 2. Summary statistics.

Variance infla-
tion factor

MaximumMinimumStandard errorMeanNumber of Observa-
tion

Variable

—29.7004.8003.77913.350459Suicide rate

1.04013.8002.5002.2856.309459Unemployment rate

1.1200.7600.5360.0350.607459Gini coefficient

1.1602.1000.0230.3410.281459GSP

1.0305.290−5.7200.8870.899459Population growth rate

1.0701.5170.7750.1021.071459Past orientation

Table 3. Correlation matrix (N=459).a

Past orientationPopulation
growth rate

GSPGini coefficientUnemployment rateSuicide rate

1.000Suicide rate

1.0000.100b

(.032)

Unemployment rate

1.0000.082d

(.081)

0.157c

(.001)

Gini coefficient

1.0000.296c

(<.001)

0.134c

(.004)

−0.336c

(<.001)

GSP

1.000−0.037

(.434)
0.087d

(.062)

−0.128c

(.006)

0.285c

(<.001)

Population growth rate

1.0000.004

(.924)
−0.238c

(<.001)

−0.154c

(.001)

0.012

(.794)
0.281c

(<.001)

Past orientation

aP values are provided in parenthesis.
bP<.05
cP<.01
dP<.10
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Monthly Time Variance in Search Queries
Figure 2 shows the monthly time variance in Google search
queries index values of the past year and future year. In Figure
2, the Google search query index values of the past year and
future year showed an interesting pattern, depending on the
season. The Google search query index for any given past year
was highest at the beginning of the year, and it decreased
gradually as the year passed. A similar phenomenon was
observed in another large-scale big-data study [40]. By contrast,

the Google search query index value for the future year showed
a gradual increase from the beginning of the year. It then reached
its peak when the current year changed to the future year (eg,
future search query [“2013”] on December 31, 2012).
Additionally, while it can be seen that people gradually change
their time perspective focus from the past year to the succeeding
year, past-oriented people find it difficult to keep up with a
future or present time perspective; indeed, it is not easy for them
to depart from the past to which they cling.

Figure 2. Time variance in Google search queries index values of the past year and future year.

Model
Following many previous studies about suicide rate [28,37,41],
we utilized a regression model to investigate the relationship
between past orientation and suicide rate. In addition, for using
the linear model, we already completed the linearity test through

scattering variables. We then calculated the AIC, BIC, and R2

for all possible variable combinations for testing the
goodness-of-fit and explanatory power of models and variables.
Through this process, we determined whether the past
orientation variable increases the goodness-of-fit. As such, we
were able to investigate whether past orientation is an important
variable of the regression model. The following formula is the
multiple OLS regression equation that we used:

Suicide rateit = αt + β1 (unemployment rateit) + β2 (Gini
coefficientit) + β3 (GSPit) + β4 (population growth rateit) + β5

(past orientationit) + ∈i (2)

where i represents a state, t the year, and  i the error term.

We obtained four regression models by combining independent
variables. In Model 1, we used only the unemployment rate and
the Gini coefficient. In Model 2, we added past orientation to
Model 1. We also investigated changes to the AIC and BIC of

Models 1 and 2. Through this process, we were able to examine
the degree to which the model vis-à-vis past orientation and the
suicide rate improved.

The independent variables in Model 3 consist of the
unemployment rate, the Gini coefficient, GSP, and population
growth rates. Finally, Model 4 added the past orientation
variable to Model 3; we also investigated changes to the AIC
and BIC in Models 3 and 4.

Results

Regression Analysis
Table 4 shows our regression results by model. For both Models
2 and 4, we see that past orientation had a positive relationship
with the suicide rate whenever we included the past orientation
variable (P≤.001). Based on Model 4, when a past orientation
value of 1 increases, the suicide rate increases to 8.5 people per
100,000 population (P≤.001). These results are consistent with
our assumption that past orientation has a positive relationship
with the suicide rate. These results indicate that past orientation
is often related to life regrets [21] and that it can be a suicide
risk factor. In addition, we looked at improvement in the model’s
goodness-of-fit with respect to past orientation, and found that
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in Model 1, the AIC and BIC are 2513 and 2525, respectively,
whereas in Model 2, these values are 2468 and 2485,
respectively. The AIC and BIC in Model 2 are smaller than
those in Model 1, indicating that Model 2 has better
goodness-of-fit than Model 1. The AIC and BIC in Model 4 are
2355 and 2379, respectively, whereas these in Model 3 are 2385

and 2405, respectively. As is the case for Models 1 and 2, the
AIC and BIC in Model 4 are lower than those in Model 3. In
other words, given our AIC and BIC results, it can be said that
the use of the past orientation variable improves the
goodness-of-fit.

Table 4. Regression results.

Suicide rateVariables

Model 4Model 3Model 2Model 1

P > tSECoeff.P > tSECoeff.P > tSECoeff.P > tSECoeff.

<.0010.0650.265b<.0010.0670.284b.0680.0730.133a.0570.0760.146aUnemployment
rate

<.0014.39528.568b<.0014.52826.230b<.0014.78221.284b.0014.96616.097bGini coefficient

<.0010.462−4.122b<.0010.467−4.67bGSP

<.0010.1671.140b<.0010.1731.151bPopulation
growth rate

<.0011.4818.501b<.0011.64211.476bPast orientation

<.0013.201−14.623b.1332.713−4.078<.0013.615−12.691b.3783.0172.663Cons

2355238524682513AIC

2379240524852525BIC

<.001<.001<.001.001P > F

.324.274.126.032R 2

.316.268.120.028Adjusted R2

459459459459Number of

observations

aP<.10
bP<.01

Next, we find that the unemployment rate has a statistically
significant positive relationship with the suicide rate in Models
3 and 4 (P≤.001 in Models 3 and 4). Based on Model 4, when
the unemployment rate increases to 1%, the suicide rate
increases by 0.265 people per 100,000 population (P≤.001).

In addition, the Gini coefficient has a statistically significant
and positive relationship with the suicide rate (P≤.001). Based
on Model 4, when the Gini coefficient increases to 1, the suicide
rate in a state would increase by about 28.5 people per 100,000
population (P≤.001).

The GSP variable in Model 3 was found to have a statistically
significant and negative relationship with the suicide rate
(P≤.001). A high GSP state tends to have a statistically
significantly lower suicide rate. Based on Model 4, when the
GSP increases by 1 million dollars, the suicide rate decreases
by 4.122 people per 100,000 population (P≤.001).

Next, the population growth rate variable was found to have a
statistically significant and positive relationship with the suicide

rate (P≤.001). Based on Model 4, when the population growth
rate increases by 1%, the suicide rate increases by 1.14 people
per 100,000 population (P≤.001).

Goodness-of-Fit of the Regression Model
Furthermore, we verified the goodness-of-fit and explanation
power for all possible variable combinations. Table 5 shows
the goodness-of-fit of regression results. Model 4 in Table 4,
including past orientation and all independent variables, has the

smallest AIC and BIC, and the largest R2 and adjusted R2. In

addition, R2 of the model, which only has past orientation, is
about .079. Its explanation power ranking is third between the
independent variables and it is almost similar to the second
ranking explanation power. Thus, past orientation also can be
a significant factor in a regression model of suicide rate. Lastly,
we verified our regression model again through a stepwise
regression test with 1% significance level. To conclude, the
result is same as that of the goodness-of-fit test, and hence,
Model 4 is the best model, consistently.
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Table 5. Goodness-of-fit of the regression model.

Adjusted R2R 2P > FBICAICPast orientationPopulation
growth rate

GSPGini coeffi-
cient

Unemployment rate

.316.324<.0012379.32354.5OOOOOa

.293.299<.0012389.62368.9OOOO

.268.274<.0012405.42384.8OOOO

.254.261<.0012414.12393.5OOOO

.248.254<.0012418.12397.5OOOO

.241.246<.0012416.92400.4OOO

.234.239<.0012421.32404.8OOO

.226.231<.0012426.12409.6OOO

.216.221<.0012432.02415.5OOO

.198.204<.0012442.12425.6OOO

.198.205<.0012447.52426.8OOOO

.184.188<.0012445.02432.6OO

.186.191<.0012449.32432.8OOO

.182.185<.0012446.42434.0OO

.172.177<.0012457.02440.4OOO

.169.175<.0012458.42441.9OOO

.156.159<.0012460.82448.4OO

.152.156<.0012462.72450.3OO

.131.135<.0012474.02461.6OO

.120.126<.0012484.62468.1OOO

.116.120<.0012481.92469.5OO

.111.113<.0012479.22470.9O

.109.115<.0012490.62474.1OOO

.096.100<.0012491.92479.5OO

.095.099<.0012492.62480.2OO

.084.088<.0012498.12485.7OO

.079.081<.0012495.42487.1O

.077.079<.0012496.62488.4O

.028.032.0012525.32512.9OO

.023.025.0012522.82514.6O

.008.010.0322529.62521.4O

aO: Variable utilized in the model.

Past Orientation Versus Suicide Rate
Finally, we mapped the average past orientation and the average
suicide rate by state (Figure 3). Although there are many factors
that affect a state’s suicide rate, we plot between past orientation
and suicide rate to focus on past orientation. Notably, the past
orientation and suicide rate values vary widely among the US
states. As seen in our regression results, there is a tendency
where the higher the past orientation of the residents of the state,

the higher the state’s suicide rate. In particular, many states with
high suicide rates (eg, Oregon, Colorado, and New Mexico)
have high past orientation; the past orientation of Georgia,
California, and Maryland is low, and their suicide rates are also
relatively low. As a result, past orientation—including
attachment to the past—can be seen as a suicidal risk factor,
and it is found to have a positive correlation with the suicide
rate.
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Figure 3. Past orientation versus suicide rate by US state.

Discussion

Overview
We investigated the potential impact of past orientation on
suicide rates; we measured past orientation through the use
Google search query data. We also found that suicide rates vary
widely by state. We built a yearly panel dataset by considering
the categorized control variables for the US states in the
2004-2012 period. We were then able to reveal the relationship
between past orientation and the suicide rate through multiple
OLS regression: past orientation was found to have a positive
relationship with suicide rate in a statistically significant manner
(P≤.001). In addition, through AIC and BIC analyses, past
orientation was confirmed as being an important variable of
suicide rate in the US states. Ultimately, we were able to
pinpoint the relationship between suicide rate and its risk factors
in the US states.

Principal Findings
We have made three salient contributions to the suicide
literature. First, we were able to empirically identify the
relationship between past orientation and suicide rate. At the
individual level, the risk of suicide tends to increase when one

faces a divorce or the death of a loved one, is dismissed from
work, or experiences health problems, inter alia. These situations
are worse than the aforementioned situations (eg, economic
status, job stability, and health status) and are specific to a
situation where one has lost a relationship with the people
around him or her. When one falls into such a situation, he/she
tends to focus on the past and may fall into obsession. These
also can be one of reasons why past orientation has a positive
relationship with the suicide rates. Second, we were able to
measure the past orientation of the residents of US states by
applying big data-driven Google search query to the
phenomenon of suicide. Finally, we were able to verify clearly
that the unemployment rate, Gini coefficient, GSP, and
population growth rate are the determinants of the suicide rate
in the United States.

More specifically, the unemployment rate finding accords with
our expectation that it affects the suicide rate positively. This
is consistent with the results of previous studies—such as those
of Yang [28] and Neumayer [29], who examined national suicide
rate determinants. In particular, vulnerable social groups face
unemployment and life hardships whenever the unemployment
rate is high; therefore, the unemployment rate has a positive
relationship with the suicide rate.
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In addition, Gini coefficient was found to have a statistically
significant and positive relationship with the suicide rate. This
result is consistent with the findings of Gunnell et al [27] in
England and Wales. This can be interpreted as follows:
deepening wealth inequality has a positive association with the
high suicide rate. As a result, not only the GSP but also wealth
inequality is an important factor of suicide rate.

By contrast, GSP was found to have a negative relationship
vis-à-vis the suicide rate. There are strong links between GSP
and suicide rate. While income or GDP variables have been
frequently considered in many previous studies [29-36], the
results thereof have not been consistent. Our results align with
those of previous studies that found GSP to have a negative
correlation with the suicide rate [29,33-36]. However, they are
inconsistent with some studies that found income or economic
boom to have a positive correlation with the suicide rate [30-32].
Although it is possible to explain modernization factor as the
reason for income or economic factors affecting the suicide rate
in these studies [30-32], our study investigated an already
sufficiently modernized region and period, and hence, the results
may differ.

Finally, the result of population growth rate can be interpreted
as follows: states with a high population growth rate can be
more changeable and unstable because immigrants and temporal
job opportunities are critical reason of population growth [39].
This instability could contribute to a high suicide rate.

Limitations
Although this study considered many aspects, it nonetheless
has some limitations. First, Google search queries data are
accessible only from 2004. In addition, the initial stage of
Google search queries data, such as data in 2004, is of relatively
low reliability because of relatively low Internet users
(penetration rate of Internet in the United States is about 64.76%
in 2004, but 81.03% in 2012).

In addition, although Google trends provide data only when
they have sufficient search query data, a low sample error may
occur because of the relatively small population in some states
such as Wyoming or Vermont. Finally, Google search query
data reflect only the views of people who can access the Internet
and Google; for this reason, we cannot reflect on people with
no access to the Internet.

Future Research
Future studies need to investigate the causal relationship
between past orientation and suicide rate. This can boost our
results and bridge the gap of interventions directed at influencing
behavior and attitude. Furthermore, next studies will be
conducted on the development of tools by which Internet users
can request medical help; on the basis of these findings, such
tools would leverage past orientation. It can also be valuable to
examine how the government can effectively intervene in suicide
risk situations using big-data analysis. We will also try to
investigate the relationship between suicide or disorders and
other specific attitudes by undertaking big-data analysis made
possible by the provision of search query or social network data.

Authors' Contributions
DL was responsible for model setup, data analysis, research management, and search query handling. H.L. performed literature
review and theoretical back up, and provided medical advice for analysis. M.C. was responsible for research management, provided
advise for research, and supported in the manuscript submission process.

Conflicts of Interest
None declared.

References

1. Goel S, Hofman JM, Lahaie S, Pennock DM, Watts DJ. Predicting consumer behavior with Web search. Proc Natl Acad
Sci USA 2010 Oct 12;107(41):17486-17490 [FREE Full text] [doi: 10.1073/pnas.1005962107] [Medline: 20876140]

2. Choi H, Varian H. Predicting the present with Google Trends. Econ Rec 2012;88(s1):2-9.
3. Seo DW, Jo MW, Sohn CH, Shin SY, Lee J, Yu M, et al. Cumulative query method for influenza surveillance using search

engine data. J Med Internet Res 2014;16(12):e289 [FREE Full text] [doi: 10.2196/jmir.3680] [Medline: 25517353]
4. Yom-Tov E, Borsa D, Cox IJ, McKendry RA. Detecting disease outbreaks in mass gatherings using Internet data. J Med

Internet Res 2014;16(6):e154 [FREE Full text] [doi: 10.2196/jmir.3156] [Medline: 24943128]
5. Zheluk A, Quinn C, Hercz D, Gillespie JA. Internet search patterns of human immunodeficiency virus and the digital divide

in the Russian Federation: Infoveillance study. J Med Internet Res 2013;15(11):e256 [FREE Full text] [doi: 10.2196/jmir.2936]
[Medline: 24220250]

6. Gunn JF, Lester D. Using google searches on the internet to monitor suicidal behavior. J Affect Disord 2013
Jun;148(2-3):411-412. [doi: 10.1016/j.jad.2012.11.004] [Medline: 23182592]

7. Hagihara A, Miyazaki S, Abe T. Internet suicide searches and the incidence of suicide in young people in Japan. Eur Arch
Psychiatry Clin Neurosci 2012 Feb;262(1):39-46. [doi: 10.1007/s00406-011-0212-8] [Medline: 21505949]

8. Page A, Chang S, Gunnell D. Surveillance of Australian suicidal behaviour using the internet? Aust N Z J Psychiatry 2011
Dec;45(12):1020-1022. [doi: 10.3109/00048674.2011.623660] [Medline: 22034830]

J Med Internet Res 2016 | vol. 18 | iss. 2 | e35 | p. 10http://www.jmir.org/2016/2/e35/
(page number not for citation purposes)

Lee et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.pnas.org/cgi/pmidlookup?view=long&pmid=20876140
http://dx.doi.org/10.1073/pnas.1005962107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20876140&dopt=Abstract
http://www.jmir.org/2014/12/e289/
http://dx.doi.org/10.2196/jmir.3680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25517353&dopt=Abstract
http://www.jmir.org/2014/6/e154/
http://dx.doi.org/10.2196/jmir.3156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24943128&dopt=Abstract
http://www.jmir.org/2013/11/e256/
http://dx.doi.org/10.2196/jmir.2936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24220250&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2012.11.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23182592&dopt=Abstract
http://dx.doi.org/10.1007/s00406-011-0212-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21505949&dopt=Abstract
http://dx.doi.org/10.3109/00048674.2011.623660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22034830&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


9. Sueki H. Does the volume of Internet searches using suicide-related search terms influence the suicide death rate: Data
from 2004 to 2009 in Japan. Psychiatry Clin Neurosci 2011 Jun;65(4):392-394. [doi: 10.1111/j.1440-1819.2011.02216.x]
[Medline: 21569178]

10. Yang AC, Tsai S, Huang NE, Peng C. Association of Internet search trends with suicide death in Taipei City, Taiwan,
2004-2009. J Affect Disord 2011 Jul;132(1-2):179-184. [doi: 10.1016/j.jad.2011.01.019] [Medline: 21371755]

11. Asur S, Huberman B. Predicting the future with social media. Washington, DC: IEEE Computer Society; 2010 Presented
at: WI-IAT '10 Proceedings of the 2010 IEEE/WIC/ACM International Conference on Web Intelligence and Intelligent
Agent Technology; Aug 31-Sept 3, 2010; Toronto, ON, Canada p. 492-499.

12. Poritz J. Who searches the searchers? Community privacy in the age of monolithic search engines. J Inform Soc 2007
Oct;23(5):383-389.

13. Zualkernan I, AbuJayyab M, Ghanam Y. An alignment equation for using mind maps to filter learning queries from Google,.
Washington, DC: IEEE; 2006 Presented at: Proceedings of the Sixth International Conference on Advanced Learning
Technologies; Jul 5-7, 2006; Kerkrade, The Netherlands.

14. Preis T, Moat HS, Stanley HE, Bishop SR. Quantifying the advantage of looking forward. Sci Rep 2012;2:350 [FREE Full
text] [doi: 10.1038/srep00350] [Medline: 22482034]

15. Gutierrez P, King CA, Ghaziuddin N. Adolescent attitudes about death in relation to suicidality. Suicide Life Threat Behav
1996;26(1):8-18. [Medline: 9173613]

16. Orbach I. Children Who Don’t Want to Live. San Francisco, CA: Jossey-Bass; 1988.
17. Yufit RI, Benzies B, Fonte ME, Fawcett JA. Suicide potential and time perspective. Arch Gen Psychiatry 1970

Aug;23(2):158-163. [Medline: 4913664]
18. Yufit RI. Suicide, bereavement and time perspective. In: Danto BL, Kutscher AH, editors. Suicide and Bereavement. New

York, NY: Arno Press; 1977:138-143.
19. Keough KA, Zimbardo PG, Boyd JN. Who's smoking, drinking, and using drugs? Time perspective as a predictor of

substance use. Basic Appl Soc Psych 1999;21(2):149-164.
20. Jokisaari M. Regrets and subjective well-being: A life course approach. J Adult Dev 2004;11(4):281-288.
21. Lecci L, Okun MA, Karoly P. Life regrets and current goals as predictors of psychological adjustment. J Pers Soc Psychol

1994;66(4):731.
22. Wyrick RA, Wyrick LC. Time experience during depression. Arch Gen Psychiatry 1977 Dec;34(12):1441-1443. [Medline:

263814]
23. Wohlford P. Extension of personal time in TAT and story completion stories. J Proj Tech Pers Assess 1968 Jun;32(3):268-280.

[Medline: 4872876]
24. Lennings CJ. Suicide and time perspective: An examination of Beck and Yufit's suicide-risk indicators. J Clin Psychol

1992 Jul;48(4):510-516. [Medline: 1517445]
25. Murphy SL, Xu J, Kochanek KD. Deaths: Final data for 2010. Natl Vital Stat Rep 2013 May 8;61(4):1-117 [FREE Full

text] [Medline: 24979972]
26. Frank MW. U.S. State-Level Income Inequality Data. 2014. URL: http://www.shsu.edu/eco_mwf/inequality.html [accessed

2016-01-26] [WebCite Cache ID 6eop8k9dp]
27. Gunnell D, Middleton N, Whitley E, Dorling D, Frankel S. Why are suicide rates rising in young men but falling in the

elderly? A time-series analysis of trends in England and Wales 1950–1998. Soc Sci Med 2003 Aug;57(4):595-611. [Medline:
12821009]

28. Yang B. The economy and suicide. Am J Econ Sociol 1992;51(1):87-99.
29. Neumayer E. Are socioeconomic factors valid determinants of suicide? Controlling for national cultures of suicide with

fixed-effects estimation. Cross Cult Res 2003 Aug;37(3):307-329.
30. Hamermesh DS. The economics of black suicide. South Econ J 1974;41(2):188-199.
31. Jungeilges J, Kirchgässner G. Economic welfare, civil liberty, and suicide: an empirical investigation. J Socioecon

2002;31(3):215-231.
32. Hintikka J, Saarinen PI, Viinamäki H. Suicide mortality in Finland during an economic cycle, 1985–1995. Scand J Public

Healt 1999 Jun;27(2):85-88. [Medline: 10421714]
33. Brainerd E. Economic reform and mortality in the former Soviet Union: a study of the suicide epidemic in the 1990s. Eur

Econ Rev 2001;45(4):1007-1019.
34. Chuang HL, Huang WC. Economic and social correlates of regional suicide rates: A pooled cross-section and time-series

analysis. J Socioecon 1997;26(3):277-289.
35. Chuang HL, Huang WC. Suicide and unemployment: is there a connection? An empirical analysis of suicide rates in Taiwan.

Taipei, Taiwan: National Taipei University; 2003 Presented at: 2003 Seventh Annual Research Conference on Economic
Development; May 17, 2003; Taipei, Taiwan.

36. Neumayer E. Socioeconomic factors and suicide rates at large-unit aggregate levels: A comment. Urban Stud
2003;40(13):2769-2776.

37. Zhang J. Suicide in the world: Toward a population increase theory of suicide. Death Stud 1998 Sep;22(6):525-539. [doi:
10.1080/074811898201380] [Medline: 10342939]

J Med Internet Res 2016 | vol. 18 | iss. 2 | e35 | p. 11http://www.jmir.org/2016/2/e35/
(page number not for citation purposes)

Lee et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1111/j.1440-1819.2011.02216.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21569178&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2011.01.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21371755&dopt=Abstract
http://dx.doi.org/10.1038/srep00350
http://dx.doi.org/10.1038/srep00350
http://dx.doi.org/10.1038/srep00350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22482034&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9173613&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4913664&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=263814&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4872876&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1517445&dopt=Abstract
http://www.cdc.gov/nchs/http://www.cdc.gov/nchs/data/nvsr/nvsr61/nvsr61_04.pdf
http://www.cdc.gov/nchs/http://www.cdc.gov/nchs/data/nvsr/nvsr61/nvsr61_04.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24979972&dopt=Abstract
http://www.shsu.edu/eco_mwf/inequality.html
http://www.webcitation.org/

                                            6eop8k9dp
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12821009&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10421714&dopt=Abstract
http://dx.doi.org/10.1080/074811898201380
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10342939&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


38. Durkheim E. Suicide: A Study in Sociology [Spaulding JA, Simpson G (Translators)]. New York: The Free Press; 1951.
39. Glink I. Top 10 Fastest-Growing States. 2014. URL: http://www.cbsnews.com/media/top-10-fastest-growing-states/

[accessed 2015-10-06] [WebCite Cache ID 6c4aKKNLW]
40. Michel JB, Shen YK, Aiden AP, Veres A, Gray MK, Google Books Team, et al. Quantitative analysis of culture using

millions of digitized books. Science 2011 Jan 14;331(6014):176-182 [FREE Full text] [doi: 10.1126/science.1199644]
[Medline: 21163965]

41. Kowalski GS, Faupel CE, Starr PD. Urbanism and suicide: A study of American counties. Soc Forces 1987;66(1):85-101.

Abbreviations
AIC: Akaike information criterion
BIC: Bayesian information criterion
GDP: gross domestic product
GSP: Gross state product
OLS: Ordinary least squares
TAT: Thematic Apperception Test

Edited by G Eysenbach; submitted 27.07.15; peer-reviewed by E Yom-Tov, A Zheluk; comments to author 13.08.15; revised version
received 11.10.15; accepted 11.12.15; published 11.02.16

Please cite as:
Lee D, Lee H, Choi M
Examining the Relationship Between Past Orientation and US Suicide Rates: An Analysis Using Big Data-Driven Google Search
Queries
J Med Internet Res 2016;18(2):e35
URL: http://www.jmir.org/2016/2/e35/
doi: 10.2196/jmir.4981
PMID: 26868917

©Donghyun Lee, Hojun Lee, Munkee Choi. Originally published in the Journal of Medical Internet Research (http://www.jmir.org),
11.02.2016. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete bibliographic
information, a link to the original publication on http://www.jmir.org/, as well as this copyright and license information must be
included.

J Med Internet Res 2016 | vol. 18 | iss. 2 | e35 | p. 12http://www.jmir.org/2016/2/e35/
(page number not for citation purposes)

Lee et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.cbsnews.com/media/top-10-fastest-growing-states/
http://www.webcitation.org/

                                            6c4aKKNLW
http://www.sciencemag.org/cgi/pmidlookup?view=long&pmid=21163965
http://dx.doi.org/10.1126/science.1199644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21163965&dopt=Abstract
http://www.jmir.org/2016/2/e35/
http://dx.doi.org/10.2196/jmir.4981
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26868917&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

