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Abstract

Background: Anxiety disorders are the most prevalent mental disorders globally, with a substantial impact on quality of life.
The prevalence of anxiety disorders has increased substantially following the COVID-19 pandemic, and it is likely to be further
affected by a global economic recession. Understanding anxiety themes and how they change over time and across countriesis
crucial for preventive and treatment strategies.

Objective: The aim of this study was to track the trends in anxiety themes between 2004 and 2020 in the 50 most populous
countrieswith high volumes of internet search data. This study extends previous research by using anovel search-based methodol ogy
and including alonger time span and more countries at different income levels.

Methods: We used a crowdsourced questionnaire, alongside Bing search query data and Google Trends search volume data,
to identify themes associated with anxiety disorders across 50 countries from 2004 to 2020. We analyzed themes and their mutual
interactions and investigated the associations between countries' socioeconomic attributes and anxiety themes using time-series
linear models. This study was approved by the Microsoft Research Institutional Review Board.

Results. Query volume for anxiety themes was highly stable in countries from 2004 to 2019 (Spearman r=0.89) and moderately
correlated with geography (r=0.49 in 2019). Anxiety themes were predominantly long-term and personal, with “having kids,”
“pregnancy,” and “job” the most voluminous themes in most countries and years. In 2020, “COVID-19” became a dominant
theme in 27 countries. Countries with a constant volume of anxiety themes over time had lower fragile state indexes (P=.007)
and higher individualism (P=.003). Anincreasein the volume of the most searched anxiety themeswas associated with areduction
inthe volume of the remaining themesin 13 countriesand an increasein 17 countries, and these 30 countries had alower prevalence
of mental disorders (P<.001) than the countries where no correlations were found.

Conclusions: Internet search data could be a potential source for predicting the country-level prevalence of anxiety disorders,
especialy in understudied populations or when an in-person survey is not viable.

(JMIR Form Res 2023;7:e44055) doi: 10.2196/44055
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Introduction
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Methods

Anxiety disorders are the most prevalent mental disorders
globally [1]. The 2019 Global Burden of Disease Study
estimated a consistent increase in the prevalence, incidence,
and disability-adjusted life years burden of anxiety disorders at
global, regional, and country levels between 1990 and 2019 [1].
The total number of people diagnosed with anxiety disorders
increased from 195 million in 1990 to 301 million in 2019 [1].
The COVID-19 pandemic has added to the global burden of
anxiety disorders with global prevalence increasing by over
25% in 2020 to 378 million [2]. The prevalence of anxiety
disorders has increased the most in the countries most affected
by the COVID-19 pandemic, as determined by daily infection
rates and reductionsin human mobility [2]. The situation could
worsen further in the case of a global economic recession [2].

Anxiety disordersare associated with chronic physical disorders
(eg, chronicischemic heart disease) and frequently precede the
onset of other mental disorders and suicide [3]. Besides the
immense negative impact on individual function and quality of
life, they impose a significant economic burden on familiesand
societies [1]. A range of pharmacological, psychological, and
socia interventions have been proven to be cost-effective in
diagnosing and treating anxiety disorders [1]. Regrettably, due
to resource shortages allocated to mental heath care, many
patients have not had access to appropriate diagnosis or
treatment [4]. Information on what contributes to symptoms of
anxiety disorders and their temporal and geographic trends is
necessary to efficiently spend limited funds on preventive and
treatment interventions, and to enable interventions to be
customized and targeted to the areas of greatest need.

This study aimed to track the trends in anxiety themes between
2004 and 2020 in the 50 most populous countries with high
volumes of internet search data. Between 2004 and 2020,
internet use and search activity increased significantly in all
countries [5], marking the “democratization” of the internet.
Internet search data.are known to reflect the behaviors, activities,
and concerns of people in the physical world [6]. Tracking
patterns in internet search data have become an effective and
widely used research tool for understanding population-level
behavior, with the potential to inform and facilitate preventive
and treatment strategies for a wide range of health disorders.
For example, such data have been used to track both physical
and mental disorders[7,8] and have previously been published
inthisjournal in relation to anxiety and other disorders[9,10].
The authors have recently applied similar research methods to
other mental health studies [11]. To date, most studies using
search datato track anxiety themes or determinants have focused
on limited time spans (eg, the COVID-19 pandemic) [12] and
geographic diversity (eg, France) [13].

This study extends previous research by using a novel
search-based methodology and including a longer time span
and more countries at different income levels. The study
identified themes associated with anxiety in different countries
through a semistructured crowdsourced questionnaire, mapped
them to thetermsused in internet search queries, and generated
the volume of these terms across time and geography.

https://formative.jmir.org/2023/1/e44055

I dentifying Anxiety Themes Through a Crowdsourcing
Survey

Search engine queries are often short and without context, which
makes it difficult to know if al queries which use a possibly
relevant term are related to anxiety. To address this issue, our
study adopted a novel method, as described below. We began
our investigation by conducting a crowdsourced survey of
anxiety themes. The survey was constructed in asemistructured
format, with 4 questions about what makes a respondent or
his/her friends feel anxious in the short and long term (see
Multimedia Appendix 1). The survey was conducted on the
Amazon Mechanical Turk platform. Due to time and financial
congtraints, we gathered data from thefirst 200 people providing
answers to the survey questions. The answers were manually
grouped by the authorsinto anxiety themesin the short or long
term. Each anxiety theme was further classified by the authors
into the following three domains: personal, familial, or societal .
Information generated from the crowdsourced survey could
provide real-world context on factorsthat respondents associate
with anxiety, phrased in amanner they find natural and intuitive.
Annotator agreement, as measured by Cohen kappa, was 0.62
for the anxiety theme and 0.77 for domain, meaning that
interrater reliability for manual grouping by the authors was
substantial in both cases.

Mapping Anxiety Themes Obtained From the Survey
tothe TermsUsed in Bing Data

Weinvestigated which anxiety themes obtained from the survey
werelikely to be related to the terms queried in the Bing search
engine. First, wetranslated (using the Google Trandl ate service)
the themes identified through crowdsourcing into the 7 most
common languages across the world, aside from English [14].
These include Mandarin Chinese, Spanish, Hindi, Bengali,
Portuguese, Russian, and Japanese. We then used all queries
submitted to the Bing search engine during 2020 to assess the
correl ation between the themesidentified through crowdsourcing
and terms used in the Bing search that might be related to
anxiety. Specifically, we counted the number of times each
appeared (in any of the 8 languages) without context (eg,
“childbirth™) and in context together with keyword(s) related
to anxiety (eg, “1 am anxious about childbirth”). For the latter,
we included the keyword(s) “anxious about,” “worried about,”
“nervous,” “dread,” “panic,” “bothered by,” “concerned,”
“distressed,” “frightened,” and “tormented.”

We focused on the 50 terms which had the highest correlation
between the number of times they were mentioned in context
and the number of times they were mentioned without context.
The need to assess search volume without context is because
Google Trends data do not contain the context of queries. We
validated the identification strategy by comparing the fraction
of mentions of terms without context (eg, “childbirth™) to that
with anxiety-specific contexts (eg, “I’'m anxious about
childbirth”). Further details can be found in Figure Al in
Multimedia Appendix 1.
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Extracting Trendsin Anxiety ThemesThrough Google
Trends

Google Trendsisawebsite where users can type asearch query
or a search topic and be provided with the volume of searches
for the query or topic (ie, the number of queries made) in
different times and geographies. We refer to this value as the
search volume. Search topics, known as Google Trends terms
(GTTs), are topica groupings of multiple queries across
languages. These groupings overcome the need to collect Google
Trendsdatafor individual queriesand to translate these queries
to al relevant languages. Note that Google Trends provides
data normalized to the range of 0-100. Aswe are interested in
the volume of the queries, we thus used the Google Trends
Anchorbanks interface, which provides unnormalized Google
Trends data[15].

The authors manually mapped themesthat were associated with
anxiety, including when mentioned without context, to their
corresponding GTTs. Only 37 of the mapped terms had
corresponding GTTs. We therefore used these 37 terms in the
analysis and excluded the remaining 13 (see Table A1l in
Multimedia Appendix 1). From hereon, “themes’ will be used
to refer to these mapped search termswith corresponding GTTS,
given thisiswhat they are a proxy for.

The search volumein the 50 most popul ous countries (see Table
A2inMultimedia Appendix 1) [16] was extracted at amonthly
resolution from January 2004 to December 2020. Among the
50 countries, 7 were low-income countries, 16 were
lower-middle income, 12 were upper-middle income, and 15
were high-income countries, according to the World Bank
income classification in 2016 [17]. We focused on these most
populous countries so that sufficient search data would be
available.

Analysis

We generated the annual volume for each of the 37 anxiety
themesin each country using Google Trends datafrom 2004 to
2020. We grouped themes by 3 domains (personal, family, and
country) and time frame (short-term and long-term) to show
which types of themes had the highest query volume over time
and across countries. The information is important for policy
makers and other stakeholders to identify related preventive
and treatment strategiesin their countries.

We used Spearman correlation to investigate if the query volume
for anxiety themes is correlated over time or across the 50
countries. We also measured the similarity between countries
by calculating the correlation of volumes of anxiety themes
between the countries.

To estimate whether the total volume of anxiety themes varied
over time in each country, we calculated the total monthly
volume of anxiety themes and then clustered this time series
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using k-means clustering with 3 clusters and correlation
similarity. The number of clusterswas set to the smallest number
that did not create clusters with fewer than 5 countries. The
centroids of these clusters show how thetotal volume of anxiety
themes changed over time in each country.

We investigated into the possibility of compensatory and
noncompensatory effectsthat described the association between
the changes in volume of the most searched themes and the
changes in volume of less frequently searched themes.
Compensatory effect was defined as the situation where arise
in the volume of the most searched anxiety themes was
associated with adecreasein the volume of lessfrequently used
search themes. A noncompensatory effect was defined as the
situation where the rise in the volume of the most searched
anxiety themes was associated with an increase in the volume
of less frequently used searched themes. For each country, we
first selected 3 most searched anxiety themes by year and
summed up their monthly volumes. We selected the 3 most
searched terms because terms could be correl ated (eg, childbirth
and maternity), and it is necessary to compare severa of the
most voluminous themes. We then generated the sum of monthly
volume by year for the remaining themes. To detect the presence
of the 2 types of effects, we applied atime series cross-country
OLS model with the sum of monthly volume for the less
frequently searched themes by country and year (denoted by
Y;1) as the dependent variable:

Yimt = Bo + B1Ximt + BoCi + BsYear; + ByXim* Cj + &y

Here, X;,; denotes the sum of the monthly volume of the 3 most
searched anxiety themesin country i at month mand year t, C;
is acountry indicator variable, Year, is an indicator for year t,
* denotes the interaction, and g, indicates random error. If
thereisacompensatory effect in acountry, we expect anegative
coefficient of the interaction variable in that country: the
country’s monthly volume of the 3 most searched anxiety themes
was inversely associated with its monthly volume of the
remaining themes. If there is a noncompensatory effect in a
country, we expect a positive coefficient of the interaction
variable (3,) in that country.

We a so investigated how anxiety themes were associated with
countries'  attributes such as economic development,
demography, politics, religion, and culture. To process the
analysis, we gathered the country-level data, aslisted in Table
1. Country-level attributes are defined in Multimedia A ppendix
1. For each country, we examined the correlation between the
volume of each of the anxiety themes and each of the
country-level attributes. We also investigated the association
between the type of effects (compensatory vs noncompensatory)
and countries’ attributes using correlation tests.
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Table 1. Country-level attributes and data sources.
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Country-level attributes Reference
Gross domestic product [18]
Life expectancy [19]
Median age [19]
Percent of urban population [20]
Sex ratio [20]
Sex and age standardized prevalence of mental disorders [21]
Global Freedom scores [22]
Religiosity [23]
Fragile States Index [24]
The 6 cultural dimensions of countries [25]

Ethics Approval

This study was approved by the Microsoft Research I nstitutional
Review Board (IRB: #10219). Written informed consent
(through a web form) was obtained for the crowdsourcing
questionnaire. Other data were anonymous and aggregated.

Results

Overview

Among 200 responses for a crowdsourced questionnaire to
identify anxiety themes, a total of 184 valid responses were
collected, coming from respondents in 15 countries, with the
majority from the United States and Brazil. Overall, 95 anxiety
themes were identified by the survey.

Total Volume of Anxiety Themes Over Time

Table A2 in Multimedia Appendix 1 presentsthe anxiety themes
with the highest volume by country and year. Between 2004
and 2019, themes with the highest volume that were most
frequently presented among the 50 countries include worrying
about “having kids,” “pregnancy,” and “job” regardless of a
country’sincome level and region. For example, worrying about
“job” was found with the highest volumein countries from the
low-income group (eg, Afghanistan, Nepal, Tanzania, and
Uganda), lower-middle income group (eg, Bangladesh, Ghana,
India, Kenya, Myanmar, Nepal, and Nigeria), upper-middle
incomegroup (eg, Malaysiaand South Africa), and high-income
group (eg, the United Kingdom and the United States). In 2020,
worrying about “COVID-19" becamethe themewith the highest
guery volume in more than half of the countries.

Clustering of the total volume of anxiety themes showed that
it was reduced between 2004 and 2014, after which it remained
approximately constant for 22 countries. The total volume
remained approximately constant over the entire period in 9
countries. The volume in the remaining 19 countriesincreased,
especially after 2014.

https://formative.jmir.org/2023/1/e44055

Among 50 countries, only those with alower fragile state index
(P=.007) or a higher individualism index (P=.003) were
significantly more likely to be in the group with constant total
volume of anxiety themes over time.

Correlation of Volumes of Anxiety Themes Between
Years and Across Countries

The volume of anxiety themeswas highly correlated over time
and, to alesser extent, geography: Spearman correlation between
the search volume for anxiety themesin 2004 and in 2019 was,
averaged across al countries, 0.89. We did not include the data
after 2019 in this part of the analysis to avoid the pandemic’s
shock on the trends.

In 2019, the average correlation in query terms across the 50
countrieswas 0.49. Figure A2 in Multimedia Appendix 1 shows
that some geographically proximate countries are more similar
in the volume of query terms (eg, Germany and Italy).

We also examined the correlation between the volume of the
most voluminous theme in 50 countries and countries anxiety
incidence reported by the Global Burden of Disease Project.
The correlation was statistically significance, although at alow
level (Pearson r=0.28, P=.047).

Volumesof Anxiety Themesby L ongevity and Domain

In aimost all countries, the anxiety themes with the largest
volume were long-term themes (eg, chronic illness) rather than
short-term themes (eg, job interviews) in al years. Figure 1
shows the trends of the anxiety themes with the largest volume
acrossthe 3 domains between 2004 and 2019. Over time, anxiety
themes with the highest volume were those related to personal
matters. Figure 2 presents the domain with the highest volume
in 50 countriesin 2020 when the COVID-19 pandemic started.
The share of anxiety themes related to country-level matters
increased sharply, accounting for the largest volume of anxiety
themesin 14 countries with different income levels (eg, Brazil,
Canada, China, Ethiopia, India, the United Kingdom, and the
United States).

JMIR Form Res 2023 | vol. 7 | e44055 | p. 4
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Figurel. Anxiety themes by domain over time.
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Association Between Country Attributes and Query
Volume of Anxiety Themes

No country attributes were found to be significantly correlated
with the query volume except for 3 cultural dimensions, which
had weak correlations. power distance (p=0.14, P=.004),
masculinity (p=-0.15, P=.002), and long-term orientation
(p=-0.14, P<.001).

Compensatory and Noncompensatory Effectsin Each
Country

Figure 3 shows the coefficient of country-specific interactions
derived from the regression model. Thirteen countries exhibited
acompensatory effect, where arise in the volume of the 3 most

https:/formative.jmir.org/2023/1/e44055
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voluminous themes was associated (to varying degrees) with a
fal in the volume of the remaining themes, 17 countries
exhibited anoncompensatory effect, where ariseinthevolume
of the 3 most voluminous themes was associated (to varying
degrees) with arisein the volume of the remaining themes; and
the remaining 20 countries exhibited no effects.

Among country-level attributes, only the prevalence of mental
disorders was associated with the partition shown in Figure 3
(Kruskal-Wallis, P<.001, significant after Bonferroni
correction). Multiple comparison reveas that the countries
without significant interaction effects had asignificantly higher
prevalence of mental disorders than the 2 other groups of
countries.

JMIR Form Res 2023 | vol. 7 | 44055 | p. 5
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Gilbert et a

Figure 3. Association in search volume of less voluminous themes with that of search volume in the 3 most voluminous themes. Countries in green
(13 countries) exhibit a compensatory effect, and countries in red exhibit a noncompensatory effect (17 countries). Blue denotes countries with
nonstatistically significant slopes, and countriesin gray are not included in this study.

Country-specific slope B

Discussion

Our findings suggest anxiety themestend to be stable over time
within and, to alesser but significant extent, between countries.
Inamost all countries, themes most searched for werelong-term
factors, suggesting that anxiety might be more commonly driven
by chronic environmental stressors and that people with an
anxiety disorder are more likely to ruminate on long-term
factors.

In cognitive behavioral theory, such relationships are understood
interms of the dynamic, cyclical interactions between emotional
feelings of anxiety and their associated thoughts, somatic
perceptions, and behaviors[26]. While correl ation with anxiety
disorder subtypes has not been examined in this study, evidence
suggests that chronic, pervasive anxiety disorders such as
generalized anxiety disorder are more common than anxiety
disorderstriggered acutely, such as panic disorder [27].

Our finding that the highest volume anxiety themes pertain to
personal, rather than familial or country level, themes is novel
intheliterature. It issupported by survey findingsthat “finance,
money, and debt” are the most common source of anxiety [28],
although these economic factors can be argued to exist
ambiguously across personal, familial, and country-level
domains.

Anxiety themes regarding country-level matters became more
prevalent during the COVID-19 pandemic. This contrasts with
prior cross-sectional analyses showing that higher personal
COVID-19 exposure was positively correlated with anxiety
symptoms, but country-level COVID-19 factorswere not. Other
studies have found that factors negatively correlated with mental
health during COVID-19 were predominantly personal:
self-isolation, false beliefs, and aweak sense of coherence[29].
This inconsistency in findings requires further investigation.

https://formative.jmir.org/2023/1/e44055

.
-0.5 1.4

Future work will analyze the themes of anxiety throughout the
pandemic and compare it to pre- and postpandemic themes.

Prior studies have shown that social anxiety among studentsis
positively correlated with individualism [30], athough this
depends on whether the personality traits of theindividua reflect
or conflict with the cultural values of the society they are
currently living in [31]. No mental disorders have been reliably
shown to increasein prevalence with increasing socioeconomic
status.

Volume of anxiety-related themeswas not found to be associated
with the other country attribute variablesin this study. Burkova
and colleagues [31], by contrast, identified cultural
looseness/tightness, alongside individualism/collectivism and
power distance, as cultural dimensions which may protect
against the emergence of anxiety symptoms during the
COVID-19 pandemic. The lack of association with sex ratio
may warrant further investigation, given that the higher
prevalence of anxiety disorders in women has been well
established [32]. Similarly, on median age, Global Burden of
Diseases studies on anxiety have shown that younger age groups
tend to be affected more frequently than older age groups[1,2].

A prior study in Europe and the United States found that
freedom index was negatively correlated with anxiety and stress
symptoms, which theinvestigators ascribed to greater autonomy
and opportunities for happiness [33]. Lack of religiosity has
previously been associated with increased anxiety symptoms
in older adults, though not in the young or middle-aged people.
Generalized anxiety disorder has been shown to increase by
more than 20% in urban populations [34]. Life expectancy has
previously been shown to decrease, and mortality to increase,
in people with anxiety disorders [35].

Certain geographically proximate countries were found to be
more similar inthevolume of query termsover time (see Figure
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A2 in Multimedia Appendix 1), athough the themes could not
be identified in our present analyses. Prior investigators have
hypothesized that differences in the prevalence of anxiety
disorders between countries and time periods increase the
weighting of environmental influencesin their etiology, whereas
when prevalence rates are stable, despite different
socioeconomic and cultural environments, the weighting of
genetic and neurobiological influence increases [36]. We
hypothesize that the variation identified in search volumes for
different anxiety themes between countries is due to different
environmental stressors (most likely personal and long-term)
present in distinct socioeconomic and cultural settings.

Our analyses reveal that anxiety themes can interact in the
following three ways: an increase in adominant anxiety theme
iseither associated with an increase in other themes, adecrease
therein, or is unrelated. The finding that countries without
interaction effects had higher prevalence of mental disorders
than the other 2 groups of countries suggeststhat understanding
the interactions between the volumes of anxiety themes could
help predict a country’s prevalence of mental disorders and
inform the development of predictive models of anxiety at the
population level.

Our study has several limitations, including selection bias, as
Mechanical Turk participantswho opted-in to theinitial survey
were not prescreened for historic or active diagnoses of anxiety
or other mental disorders; language bias, due to exclusion of
noncommon languages, not validating automated translations
with native speakers, and not accounting for multiple language
use within countries; use of a nonexhaustive list of keywords
related to anxiety; theinability to precisely match al the selected
terms from Bing search datain Google Trends; the inability to
split our analyses by sex and age; differences in search engine
usage across countries and over time and how Google computes
Google Trends scores; and limited internet accessin low-income
countries. Additional work is required to validate our findings
using both traditional and novel research methodologies. Further
work could also make use of related searches and topics in
Google Trends.

Globally, the proportion of the population using the internet,
including for search engine use, increased dramatically between
2004 and 2020 [36]. Over time, populations with different
demographic and socioeconomic backgrounds could have

Gilbert et a

different levels of accessto theinternet and of using theinternet.
Evidence has shown that the proportion of internet use among
elderly, low-income, or low-education populations was much
lower than their counterparts. For example, in Ethiopia, internet
usage increased with the level of education: only 5% of men
with primary education reported ever using the internet,
compared with 68% of men with more than secondary education;
and 16% of women in the highest income quintile, compared
to 0.1% in the lowest income quintile [37]. Internet use in the
same popul ation acrossyears could a so vary: among those aged
65 years and older in the United States, internet usersincreased
from 14% in 2000 to 73% in 2017 [38]. Further work should
examine how such changes in the demographic and
socioeconomic characteristics of internet use could impact
genera patterns of anxiety themes. As research indicates that
lower household income is associated with increased risk for
mental disorders [39] and the lowest income groups within
communitiesare up to 3 timesmore likely to suffer from anxiety
and other common mental disordersthan those with the highest
incomes [40], it is very likely that low-income groups may be
substantially underrepresented in the search data in this study.

For policy makers in a country, national-level data may only
be of limited use in making resource allocation decisions.
Disaggregating national data by individual demographic and
socioeconomic characteristic (eg, gender, income level, and
education) and by region with different levels of development
will equip the policy makers with better evidence for
understanding the disparities in the themes of anxiety and
identify the most vulnerable populations for policy support.
Future work should focus on defining and developing an
approach to collect and analyze disaggregated datain countries
of interest and addressissues such asavailability and consistency
of data between different population groups and regions.

Nevertheless, we believe that the use of internet data to study
the drivers of mental health concerns across multiple countries
and over long durations opens a new direction for studies of
entire populations, especialy in understudied populations or
during pandemics (eg, COVID-19) when in-person survey is
not viable. Our search-based methods enable real-world
perception of anxiety associationsto beidentified at scale, which
may be an important step in digital phenotyping, predictive
modeling, and preventive interventions for anxiety.
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