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Health anxiety prevalence is increasing (Tyrer et al., 2019). Health anxiety is a
preoccupation or overestimation of the serious physiological symptoms that cause significant
distress (Salkovskis & Warwick, 2001). Those with health anxiety may endure significant
suffering, intense misery, and for some health anxiety leads to suicide (Tyrer & Tyrer 2018). It is
a condition that is often under diagnosed and the average patient may go years prior to
appropriate diagnosis (Hedman et al, 2011; Tyrer & Tyrer 2018). The study of language has long
history within the field of mental health. Language use can provide information about an
individual’s beliefs, social relationships, personality, thinking patterns, and fears (Pennebaker et
al., 2015). Additionally, language can be investigated to identify important psychological
markers that are indicative of an individual’s inner workings (Choundry et al., 2013). Little is
known about the linguistic attributes specific to health anxiety in online discourse. To address
the research gap, two studies were conducted to determine the linguistic attributes of individuals
with health anxiety. The first study used the Language and Inquiry Word (LIWC) application to
evaluate categorical data for online health anxiety communication (Pennebaker et al., 2015). The
second study utilized AntConc to identify keywords and collocations associated to identify what
words make health anxiety discourse distinct from other forms of online communication

(Anthony, 2020).



The first study examined the summary, linguistic, and psycholinguistic frequencies of
word usage for health anxiety communication. One year of posts and comments were extracted
from the subreddit r/HealthAnxiety to create a study corpus. The Corpus of Contemporary
American English was used as a reference corpus (COCA; The COCA, 2021). The research
questions were:

1. What is the score of summary variables about health anxiety?

2. What is the level of use of linguistic processes in online posts about health anxiety?

3. What is the pattern of use of linguistic processes variables in online posts about health

anxiety compared to a reference corpus?

4. What is the level of use of psychological processes in online posts about health

anxiety?

5. What is the pattern of use of psychological processes in online posts about health

anxiety compared to a reference corpus?

Descriptive statistics were reported related to scores and level of use in the study corpus.
For the study corpus, summary variables scores indicate that those in the study corpus are high in
authenticity, low in emotional tone, low in analytic processes, and low in clout. For linguistic
and psychological process variables, log-likelihood ratio (G?) and Bayes Information Criterion
(BIC) were used to compare the study and reference corpus. Log-likelihood for all variables
understudy exceeded the critical value for significance (G = 484579.4 t0 276.0733,df=1,p <
.01). Bayes factor (BIC) scores for results were “very strong” (BIC = 465696.04 to 257.09, df =
1).

For the second study, a keyword and collocation analysis were completed on the study

corpus. Keyness refers to the “aboutness” of a text—that is, what distinguishes a text from other



texts (Egbert & Biber, 2019). The study and reference corpus from study one were used for the
analysis. Our research questions were:

1. What are the keywords of online posts about health anxiety?

2. What words distinguish general online posts from online posts about health anxiety?

3. What are the most common collocations of the strongest keyword of online posts

about health anxiety?

4. What are the most common collocations of the term “health anxiety” in online posts

about health anxiety?
The log-likelihood scale was used to determine significance with p < .01 for the top 100
keywords in both corpora. All keywords for study corpus exceeded the critical value (6.63) for
significance (G*=9127.9 to 94.26, df = 1, p < .01). All keywords for the reference corpus
exceeded the critical value for significance (G° = 6901.08 to 295.55, df= 1, p < .01). Hardie’s
(2014) log-ratio (LR) was used to determine effect size (LR = 13.381 to 9.1715). The results
from the study corpus were used to identify collocates associated with the top 5 keywords and
the term “health anxiety.” The mutual information (MI) score was used to measure the strength
of association between two words of interest. MI scores above three are considered of linguistic
interest (Hunston, 2002). The results for most common collocates measures above and below the
threshold of three for linguistic interest (M/ = 11.06 to 2.31).

The results of both studies indicate a significant difference between health anxiety
communication and other web-based discourse. Summary scores suggest that communication is
authentic and has a degree of negative emotion. Negative emotion amongst those with health
anxiety is consistent with previous research (Marcus et al., 2008; Mor & Winquist, 2002). Those

in the health anxiety corpus used high levels of first-person pronouns indicative of increased self-



focus similar to other pathologies (Marcus et al., 2008; O’Bryan et al., 2017). Percentage of use
of first-person pronoun words corresponded with other anxiety groups in an in-person context
reported in previous research (Sonnenschein et al., 2018). Additionally, a linguistic profile
emerged. Those with health anxiety present as high in authenticity, low in clout, low in tone, low
in analytic thinking, high in first-person pronoun usage, negative emotion and biological
terminology. Those with health anxiety were unique in words related to medical conditions or
diseases, medication and supplements, medical tests, symptom words, body words, and anxiety
words.

The findings may inform clinicians regarding the linguistic attributes of those with health
anxiety to increase accurate diagnosis and understanding of the experience of those with health
anxiety. Counselor-educators should consider integrating discourse analysis in training programs
for counselors-in-training to view the experiences of those with health anxiety, especially
descriptions of acute episodes which may not be disclosed during clinical sessions. Researchers

may use the results as a baseline measurement for future quantitative or qualitative analysis.
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Chapter 1: General Introduction

Irvin Yalom (2013) encouraged psychotherapists to enter the client’s subjective world.
Language is the medium through which individuals communicate their internal psychological
experiences (Tausczik & Pennebaker, 2010). Language use can provide information about an
individual’s beliefs, thinking patterns, social relationships, personality, and fears (Pennebaker et
al.,2015). The study of language to understand one's internal psychology and meaning-making
has a long history within the mental health field. For instance, Sigmund Freud's (1914) analysis
of “Freudian slips” or parapraxis was thought to reveal unveiled hidden intentions and meaning
from the unconscious. Narrative therapists investigate ways in which language is used to
facilitate personal narrative maps that shape an individual’s understanding of the meaning of
their life experience over time (White & Epston, 1990). Another example of language-based
research within counseling and psychotherapy is the study of metaphor. Mental health
researchers note that client language in the use of metaphor can add additional insight into one’s
view of reality (Ronen, 2011). In addition, the study of metaphor and understanding client
language are being studied by cognitive behavioral researchers (Mathieson et al., 2015).

Social media discourse has increased as a source for understanding mental health
disorders (Shen & Rudzicz, 2017). Kern et al. (2016) asserted that studying behavior and
language on social media has value for the psychology community. While concluding that
language is full of psychological information regarding social media studies, Kern et al. also
concluded:

The amount of available data is inconceivable — people leave footprints of their moods,

behaviors, personality, and experiences. Social media has become a valuable part of

social life, and there is much we can learn by collaboratively studying the tracks left
behind, which being cautiously optimistic in our application and approaches. (p. 522)



Therefore, analysis of language used in web-based interactions provides researchers with an
opportunity to explore the experiences and meaning-making of certain populations. A targeted
analysis may add to critical insight that may inform clinical training, practice, and research.

The corpus linguistic toolset allows researchers to analyze small to very large discourse
sets to identify linguistic patterns. Brezina (2018) describes corpus linguistics as “a scientific
method of language analysis. It requires the analyst to provide empirical evidence in the form of
data drawn from language corpora in support of any statement made about language” (p. 2).
Researchers working with corpus linguistics typically construct or use preexisting bodies of texts
based on specific criteria. The corpora are analyzed using various techniques to identify keyword
lists, collocations, N-grams, linguistic trends, concordance, and so forth. These data points may
be used to conduct hypothesis testing, answer research questions, and draw conclusions about the
texts and their authors.

Corpus linguistics has aided researchers in identifying the linguistic attributes associated
with various mental health disorders and personality characteristics. For example, individuals
who qualify for a diagnosis of major depression tend to use more first-person pronouns on social
media posts (Chung & Pennebaker, 2007). Another study noted that anger and negative emotion
words on Twitter are more prevalent for individuals who qualify for a diagnosis of major
depression (Park et al., 2012). In addition, differences in language on social media posts between
persons with a posttraumatic stress disorder diagnosis and control groups have been observed
(Coppersmith et al., 2014). Findings, as described above, are just a few examples of how
counseling and mental health researchers are increasing the knowledge base related to language

use for individuals with various diagnoses.



There are several factors that may add support for counseling and mental health
researchers to utilize tools within computer-assisted language analysis. First, in 2013,
Pennebaker asserted that a revolution is underway in researching linguistic attributes of various
populations across the social sciences. Pennebaker takes a psychological approach to the study of
language suggesting that the words people use are like fingerprints, revealing information related
to an individual’s identity and social roles. Regarding counseling, LaGue et al. (2019) asserted,
“Corpus linguistic tools can not only give insight into the unique worldviews of clients, authors,
or social media participants but provide objective data about effective interventions that can
contribute to skill development in counsellors-in-training as well” (p. 13). Greaves and Dykeman
(2018) researched the linguistic attributes of individuals with nonsuicidal self-injury. They
posited that understanding and analyzing language specific to populations of interest may aid
counselors with understanding those individuals’ inner experience. According to Greaves and
Dykeman, language analysis may help counselors and other helping professionals obtain a more
comprehensive understanding of pathology. Considering the aforementioned, corpus linguistics
tools, techniques, and analyses are appropriate for mental health counseling-related research.

Health Anxiety

Health anxiety has a long history of documentation within the medical field. The
existence of health anxiety was first noted in the 1600s (Fischer-Homberger, 1972). Our
understanding of health anxiety and its labeling has evolved over time. Once termed as
hypochondriasis, the Diagnostic and Statistical Manual 5 (DSM-5; American Psychiatric
Association, 2013) now categorizes health anxiety under the illness anxiety disorder and
somatoform disorders. The belief or fear of having a serious illness is an essential component of

hypochondriasis (Warwick & Salkovskis, 1990). Health anxiety, often viewed in a wider



spectrum than hypochondriasis, has the key characteristic of the overapproximation of physically
experienced symptoms or perceiving ambiguous physical sensations indicative of a possible
lethal medical condition that leads to a fear response (Salkovskis & Warwick, 2001).

Researchers have proposed various theories of health anxiety. Among those theories, the
cognitive-behavioral model (CBM) provides a comprehensive explanation and is well researched
within the field (Taylor & Asmundson, 2004; Warwick & Salkovskis, 1990). The CBM model
outlines the overestimation of physical symptoms and sensations by those with health anxiety.
According to the CBM model, a cycle of anxiety is created when an internal or external trigger is
experienced; the cycle includes illness thoughts, fear and anxiety, physical sensations,
overapproximation or misinterpretation of the seriousness of the symptoms, and behaviors
designed to reduced distress (Furer et al., 2007; Walker & Furer, 2009). Individuals with health
anxiety often engage in a variety of behaviors to reduce the anxiety such as physical exertion,
frequent medical check-ups, searching out medical information, or reading medical textbooks;
their behaviors will generally maintain the anxiety (Warwick & Salkovskis, 1990). Counseling
researchers may benefit from understanding the language used by individuals with health anxiety
and how the linguistic attributes may align with the health anxiety cycle as described in the CBM
model.

Individuals with health anxiety can be negatively affected by the condition. Muse et al.
(2010) found that 78% of individuals with health anxiety experienced disturbing intrusive
cognitions and images. Intrusive images were experienced at a rate of 3.77 times per week.
These images impacted the respondents as they reported engaging in avoidance, reassurance
seeking, distraction, rumination, and checking-behaviors. Individuals with health anxiety may

overuse medical services as a reassurance-seeking behavior which creates a significant burden on



the medical system (Fink et al., 2010). Health anxiety is often underdiagnosed for years and can
lead to intense suffering sometimes resulting in suicide (Hedman et al., 2011; Tyrer & Tyrer
2018).

Counseling researchers should be actively engaged in research related to health anxiety as
its prevalence is increasing. Tyler et al. (2019) observed health anxiety related to symptoms
increased from 14.9% in 2006-2008 to 19.9% in 2008-2010. The emergence of cyberchondria as
a type of illness anxiety disorder is noted in the literature. Cyberchondria is defined as excessive
and repeated web-based searching for health-related information; this searching may increase
anxiety, which may increase searching behaviors in a self-reinforcing cycle (Starcevic &
Aboujaoude, 2015; Starcevic & Berle, 2013). The emergence of cyberchondria is another factor
for counseling researchers to consider as topics worthy of investigation. As stated above, those
with health anxiety may frequently seek reassurance as a component of the condition, and the
emergence of social media may be a venue worthy of exploration for researchers.

Reddit is an online social media platform where users can create subreddits for topics of
interest. Forums exist for current events such as r/politics to r/BreadStapledToTrees as a forum
for images of bread stapled to trees. Subreddits exist as topic-specific boards within the Reddit
platform. Mental health-related subreddits may be such things as r/Suicidewatch, r/bipolar,
r/depression, and r/healthanxiety. Users locate a topic-specific forum according to their interests.
They may write original posts, respond to posts, upvote, downvote, and perform other activities
associated with platform engagement. The Reddit platform, therefore, provides an extensive
opportunity for linguistic analysis of mental health-related topics.

According to Dean (2021), Reddit.com has 430 million active users. In December 2021,

it was the seventh most visited website in the United States (Semrush, 2021). Demographic



reports in February 2021 showed that 18-29-year-olds accounted for 36% of Redditors, 30-49-
year-olds accounted for 22%, 50-64-year-olds accounted for 10%, and 65 and older accounted
for 3% of users; 18 and under were not reported (Tankovska, 2021a). Currently, the largest user
base resides in the United States, accounting for 49.32% of Redditors, followed by the United
Kingdom at 7.85%, Canada at 7.76%, Australia at 4.34%, and Germany at 3.11% (Tankovska,
2021b). Twenty-three percent of males and 12% of females in the United States were reported to
use Reddit; nonbinary was not reported (Tankovska, 2021c¢). Tankovska (2021d) reported that of
adults polled in the United States, 14% of Hispanics, 4% of Black Americans, and 12% of
Whites reported using Reddit.com. Other racial and ethnic backgrounds were not reported.
Reddit is primarily coded for the English language without a mechanism for translation.
However, subreddits have been created for non-English speakers such as r/espanol/, r/Croatia,
r/French, r/newsokur/, and so forth.

Reddit can be a platform for redditors to openly communicate concerns and experiences
related to mental health (Gaur et al., 2018). Contributing factors include anonymity and ample
character limits on posts and replies. In terms of anonymity, users may create “throwaway” or
unidentifiable redditor profiles for privacy or to avoid stigmatization (Park & Conway, 2017).
The current character limit is 40,000 per comment or reply. De Choudhury and De (2014)
researched mental health disclosures on Reddit and concluded that redditors communicate about
significant impacts on their lives. Considering these factors, Reddit presents a rich environment
for counseling and mental health researchers to study the communications of individuals with a
variety of conditions.

The study corpus for the present dissertation project was created from replies and

comments from r/HealthAnxiety for the calendar year 2019. The r/Healthanxiety subreddit was



created in 2012 with English as the primary language. Specific characteristics related to the
population for members of this subreddit are not known. The organizers of this subreddit
describe the community as “a place for people with Health Anxiety / [llness Anxiety /
Hypochondria to come together and start taking control of their disorder” (r/Health Anxiety,
2021). This subreddit lists a membership of 36,500 members as of March 2021. There are eight
moderators who monitor the forum and may remove posts that violate forum rules.

In summary, language is a vital part of the human experience that allows for the
expression of internal thoughts and processes, and it may reveal attentional focus. As the role of
language in human mental health has also been recognized by counseling theorists and
practitioners, counseling researchers ought to consider linguistic patterns and interactions as
fertile grounds to observe the ever-changing landscape of meaning-making for individuals in
relation to understanding and treating mental health issues. Corpus linguistic tools provide a rich
set of techniques and methods to investigate significant trends within large bodies of texts
allowing researchers to determine both significance and effect size. As health anxiety levels are
increasing, perhaps influenced by the increased availability of health-related topics and
information widely available on-demand online, the need for mental health counselors and
educators to increase their understanding and ability to help address concerns arising from such
anxiety appears increasingly urgent. Online mediums and targeted forums present specific and
unique locations for mental health researchers to contribute knowledge on health anxiety by
making observations of and investigating the development of meaning for individuals who suffer

from anxious thinking related to their physiological health.



Dissertation Overview

This dual-manuscript dissertation focuses on identifying the linguistic characteristics of a
health anxiety online forum on the platform Reddit. Fundamentally, this research is exploratory
to identify the linguistic attributes of discourse within a specific mental health-related forum.
Software applications were utilized to identify and analyze core linguistic features related to the
uniqueness of this population. The two studies in this dissertation complement one another by
highlighting the linguistic qualities of the corpus using a different set of corpus linguistic
strategies.

Manuscript 1

The first study investigated the linguistic characteristics of the subreddit r/HealthAnxiety
by utilizing the application Linguistic Inquiry Word Count (LIWC). The major sections of LIWC
include the linguistic dimensions, other grammar, psychological processes, and summary
language variables (Pennebaker et al., 2015). Within the linguistic section, there are 15
subcategories such as pronouns, articles, prepositions, and auxiliary verbs. The other grammar
section includes six subcategories such as common verbs, common adjectives, and comparisons.
The psychological processes section includes 54 categories such as affective process, positive
emotion, negative, and emotion. Summary language variables includes six categories such as
authenticity, clout, and emotional tone.

A study corpus was created from a one-year sample of comments and responses from the
subreddit r/HealthAnxiety were compiled to comprise the study corpus. The study corpus was
compared to the blogs section from the Corpus of Contemporary American English (COCA; The
COCA Corpus, 2021). The LIWC application was used to analyze the study corpus, and the

results were compared to the reference corpus. The guiding research questions were as follows:



1. What is the score of summary variables about health anxiety?

2. What is the level of use of linguistic processes in online posts about health anxiety?

3. What is the pattern of use of linguistic processes variables in online posts about health

anxiety compared to a reference corpus?

4. What is the level of use of psychological processes in online posts about health

anxiety?

5. What is the pattern of use of psychological processes in online posts about health

anxiety compared to a reference corpus?

The LIWC application was used to analyze the corpus for the variables identified within
the literature as being specific to anxiety discourse on Reddit.com (Shen & Rudzicz, 2017).
Their variables included authenticity, clout, analytic thinking, first-person singular, anxiety,
negative, positive, affect, and feel. Also, these additional variables were added to increase the
understanding of the linguistic attributes of the study corpus, first-person plural, second-person
singular, third-person singular, and third-person plural. In addition, health related categories
within LIWC were added to include the biological processes such as body, health, sexual, and
ingestion. Descriptive and inferential statistics were reported.

In reporting inferential statistics, assumptions of normative distribution within texts can
be challenging. Language is often differentiated in various contexts. The principle of Ziph’s law
is often applied to corpus linguistics (Brezina, 2018). According to the distribution of Ziph’s law,
the most frequent word occurs approximately 7% of the time. In the English language, this is
typically the word “the.” The second most used word will occur at a rate of one-half of the first
used term. The third most used word will occur at a rate of one-third of the most used term, and

SO Oon.
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As the Ziph’s distribution does not adhere to normal distribution, significance and effect
size may violate assumptions for parametric tests. Therefore, nonparametric tests were used in
analysis. The log-likelihood is a common statistical analysis used within corpus linguistic
methodologies (Brezina, 2018). The log-likelihood scale, also referred to as G2, is similar to the
chi-square in that it compares expected values to observed values (Brezina, 2018). For effect
size, Bayes Factor (BIC) was used. Results are reported and discussed at the conclusion of the
study.

Manuscript 2

Study 2 was a study on keyness and a collocate analysis of the subreddit r/HealthAnxiety.
In this study, AntConc (Anthony, 2020), which can identify keywords, collocates, clusters/N-
grams, and concordance, among other linguistic attributes of a corpus, was used. The guiding
research questions for this study were in reference to the health anxiety corpus:

1. What are the keywords of online posts about health anxiety?

2. What words distinguish general online posts from online posts about health anxiety?

3. What are the most common collocations of the strongest keyword of online posts

about health anxiety?

4. What are the most common collocations of the term “health anxiety” in online posts

about health anxiety?

The most frequent unique words in a corpus are indicative of the aboutness, sometimes
referred to as the keyness of the corpus (Brezina, 2018). The corpus of reference was the COCA
blog corpus (The COCA Corpus, 2021). The top 100 keywords, compared to the reference
corpus, are reported along with their associative keyness score. Hardie’s (2014) log-ratio test

reports the effect size of the keywords listed.
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For collocations, the top five keywords and the term “health anxiety” from the study
corpus were selected as node words and evaluated. Regarding collocations, Brezina (2018)
wrote, “Collocations are combinations of words that habitually co-occur in texts and corpora.
Collocations can be based either on frequency alone or, as is more common, on a statistical
measure” (p. 66). Identification of collocates can assist in providing further information related
to the node word under investigation. The mutual information test, which measures the strength
of the relationship between variables, was used.

Summary

I have in this chapter articulated the central foci of the two corpus linguistic studies on
health anxiety based on Reddit and described their thematic relationships. Language is central to
the human experience and impacts understanding and meaning creation. As online forums and
social media platforms increase in prevalence, the emerging discourse is worthy of scholarly
investigation. Health anxiety has increased over the past decade, which may be impacted by
online behaviors. Understanding the unique language of support forums may benefit the mental
health community and could be a starting point for further research through an interdisciplinary
lens. Chapter 2 is a study using the LIWC application to identify and compare the linguistic
attributes of the study corpus and the reference corpus. Chapter 3 is a keyword and collocation
analysis of corpus constructed from the r/healthanxiety subreddit. Finally, in Chapter 4, 1
summarize major findings from both studies and synthesize the findings. Chapter 4 includes
research, training, clinical recommendations, and conclusion.

Description of Terms
AntConc — A software application (Anthony, 2020) designed to analyze corpora. Output

may include keyword lists, word lists, collocates, N-grams, and concordance.
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Collocations — A collocate, or collocation, refers to the association of words that appear
in proximity to one another (Weisser, 2016).

Corpus (pl. corpora) — A corpus is a collection of texts gathered based on criteria for
linguistic analysis. These texts may originate from the spoken or written word or a combination
of both (Weisser, 2016).

Health anxiety — Health anxiety, is the over approximation of physically experienced
symptoms or perceiving ambiguous physical sensations indicative of a possible lethal medical
condition that leads to a fear response (Salkovskis & Warwick, 2001).

Health anxiety cycle — A cycle based on the cognitive behavioral model of health anxiety.
Internal or external triggers lead to an illness thought and anxiety and fear (Furer et al., 2007).
The anxiety leads to bodily sensations and the interpretation of sensations as a serious illness.
Subsequently, this leads to coping behaviors including reassurance seeking, checking, safety
signals, or avoidance. The coping behaviors lead to a temporary reduction of anxiety and fear.

Keywords — A word that is more frequent in a corpus understudy than in a comparison
corpus (Hardie et al., 2006).

Keyness — Keyness, derived from keywords, refers to words that may be important in
determining the uniqueness or aboutness of a corpus (Phillips, 1989).

Linguistic Inquiry Word Count (LIWC) — A software application designed to designate
words into categories based on frequency of use within a corpus (Pennebaker et al., 2015).

Linguistic process — A set of categories with the LIWC dictionary (Pennebaker et al.,
2015). Linguistic process may include first-person pronouns, third-person pronouns,

prepositions, and so forth.
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Node word — A node word is the central word or grammatical structure that serves as the
basis for a search for collocations or concordance (Weisser, 2016).

Psycholinguistic processes — A set of categories within the LIWC dictionary (Pennebaker
et al., 2015). The psycholinguistic process may include positive emotions, negative emotions,
cognitive processes, and so forth.

Register — A classification of texts that may include purpose of the text, intended
audience, narration or description, formality, and so forth (McEnery & Hardie, 2011). May be
synonymous with genre, although some scholars may differentiate these terms.

Stop words — Function words that may add “noise” to a corpus when determining
keywords and collocations—words such as “the,” “as,” “of,” and “also.”

Token — A single occurrence of a word within a corpus.

Type — A unique word form within a corpus.
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Abstract

Computer-assisted linguistic analysis is providing information for counseling and other
helping researchers to increase their understanding of the internal experiences of individuals with
varying pathologies. Health anxiety is a condition that is increasing within the larger population.
Social media use may be influencing the evolution of symptoms, as well as giving rise to new
conditions such as cyberchondria. Little is known about the linguistic qualities of health anxiety
within social media forums. The purpose of this study was to evaluate the linguistic
characteristics of users on a health anxiety forum hosted on Reddit. We constructed a study
corpus from a one-year sample of posts and comments from the subreddit r/Healthanxiety. We
compared the study corpus to a reference corpus created from the blogs section contained within
the Corpus of Contemporary American English (COCA). We used the Linguistic Inquiry Word
Count (LIWC) application to identify summary, linguistic process, and psychological process
variables. Log-likelihood (G?) and Bayes factor (BIC) analysis showed significant differences
between the study and references corpora. We discuss implications of the findings to previous
research and implications for the CBT model of the health anxiety cycle. We conclude with
recommendations for counselor educators, clinicians, and researchers.

Keywords: health anxiety, r/Healthanxiety, corpus linguistics, LIWC, Reddit, linguistic

attributes
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Linguistic Characteristics of Health Anxiety Posts on Reddit

Linguistic attributes related to mental health disorders, such as illness anxiety disorder,
are in the early phases of examination. According to Tyrer et al., (2019) the prevalence of health
anxiety is increasing. Health anxiety is often underdiagnosed and those with health anxiety may
suffer intense distress for years (Hedman et al., 2011; Tyer & Tyer, 2018). Health anxiety is a
significant feature of several mental health disorders that first emerged in medical literature in
the 1600s (Fischer-Homberger, 1972). Previously known as hypochondriasis, health anxiety
consists of negative interpretations and fears related to either ordinary or unusual bodily
sensations and observations (Salkovskis & Warwick, 2001).

Health-related anxieties are categorized within the somatic and illness anxiety disorders
in the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5;
American Psychiatric Association, 2013). Health anxiety may be useful for help-seeking
behaviors; however, elevated levels of health anxiety may cause significant distress (Asmundson
& Taylor, 2020). Health-related anxiety is observed on a continuum from mild to extreme
symptoms (American Psychiatric Association, 2013). In more severe cases, some of those with
health anxiety experience fear and preoccupation that they suffer from a serious, often fatal
condition without a medical condition to support such fears (Warwick & Salkovskis, 1990).
Sometimes, health anxiety leads a suicide (Tyrer & Tyrer, 2018).

Health anxiety is often comorbid with other anxiety-related disorders such as generalized
anxiety disorder, a specific phobia, and panic disorder or mood disorders such as major
depression (Abramowitz et al., 2007; American Psychiatric Association, 2013). Health anxiety
may develop in the context of a predisposition for anxiety, distressing experiences with death,

serious illness, or other stressful life events (Walker & Furer, 2008).
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Multiple models are used to conceptualize health anxiety. However, the cognitive-
behavioral model (CBM) of health anxiety is well researched and offers a comprehensive
explanation of the condition (Taylor & Asmundson, 2004; Warwick & Salkovskis, 1990). Based
on CBM, Furer et al. (2007) described a cycle of health anxiety in which internal or external
triggers set off a cascade of cognitive, affective, behavioral, and physiological responses. Internal
or external triggers are conceptualized as the entry point to the cycle. Internal triggers may
consist of thoughts or memories related to health concerns or bodily symptoms or alterations of
physical functioning. External triggers may consist of exposure to health-related stimuli that
evokes an anxiety response such as reading a health-related news article or hearing about the
illness of another person. Internal or external triggers elicit illness thoughts, anxiety, and fear.
Increased bodily sensations follow the anxiety and fear. The bodily sensations are interpreted as
signs of a serious illness. Subsequently, the individual will engage in either reassurance-seeking
behaviors or avoidance techniques to self-soothe. Reassurance behaviors include increased
checking, asking family members for reassurance, increased medical appointments, and other
actions. In terms of impact of health anxiety, Fink et al. (2010) forward that those with health
anxiety may overuse medical services for reassurance, creating a significant burden on the
medical system.

Further research should be conducted on health anxiety because the prevalence of the
condition is increasing (Tyrer et al., 2019). Tyrer et al. reported an increase in health anxiety
prevalence from 14.9% in 2006-2008 to 19.9% in 2008-2010. Social media and internet usage
may be a possible explanation. For example, cyberchondria is a type of illness anxiety,
originating from web-based behaviors. Cyberchondria is defined as repeated or excessive web-

based searching for health-related information, which increases anxiety (Starcevic &
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Aboujaoude, 2015; Starcevic & Berle, 2013). Individuals seek to lessen concerns related to
medical conditions but often find new information that increases rumination and anxious feelings
associated with a current or discovered malady via online research.

In relation to noting an increase in the prevalence of health anxiety, the emergence of the
COVID-19 pandemic has had an impact on social media interactions. While comparing 60
million Tweets from Twitter.com from March 24, 2020, to May 24, 2020, to 40 million Tweets
from the previous year, Saha et al. (2020) found that negative mental health expressions on
social media increased approximately 14%, while support expressions increased approximately
5%. Saha et al. noted that language appeared to reduce and normalize over time, suggestive of
the population's ability to adapt to the present circumstances. Holmes et al. (2020) set forth a
research priority list for mental health researchers to investigate the impact of the COVID-19
pandemic, including through media and social media interactions at the population level. The
present study may provide a baseline from which results can be compared for future research.

Linguistic-based research can be useful to clinicians. Pennebaker et al. (2003) asserted
that words individuals use can be informative of their social, mental, and even physical state.
This is not a new idea in the study of human development and psychology. Freud (1901)
documented the presence of parapraxes in which slips of the tongue may reveal deeper
information from the individual. Developing an understanding of language and how language is
used among certain populations may provide information relevant to the personal experiences of
those with mental health conditions (Greaves & Dykeman, 2018). For example, Greaves and
Dykeman observed high frequencies of the terms “feel,” “help,” and “scar” when studying the
language of nonsuicidal self-injury (NSSI) posts on Reddit (p. 11). Understanding that

individuals who struggle with NSSI may frequently discuss their scars provides counselors
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additional information and insight into the experiences of those with NSSI. Another example is
the research by Al-Mosaiwi and Johnstone (2018) who observed an increased frequency in
absolutist words across social media posts specific to anxiety, depression, suicidal ideation
disorders, borderline personality disorders, and eating disorders. They theorized that this finding
adds to the empirical evidence for clinicians who want to increase cognitive flexibility and
diminish absolutist cognitions.

For clinicians, obtaining information related to linguistic markers across various
populations may be useful for adequate detection, diagnosis, and treatment. De Choundry et al.
(2013), in their analysis of the linguistics of postpartum depression, asserted that developing
tools for automated analysis to monitor social media posts may provide health care providers the
ability to identify markers indicative of increased depression levels. Identifying such markers can
lead to increased efficiency and scope of possible interventions.

Corpus linguistic studies that leverage advancements in computer technologies to analyze
larger portions of language are informing scholars across multiple disciplines (Pennebaker,
2012). A corpus is a collection of spoken or written text based on specific criterion that are used
for linguistic analysis (Weisser, 2016). A corpus can be constructed via a variety of criteria. For
example, a researcher may be interested in contemporary research. As such, they build a corpus
using a synchronic design. Further, a corpus can be static, meaning the size is fixed (not intended
to be augmented or diminished) or dynamic (expected to change over time to reflect the ever-
evolving nature of language; Weisser, 2016, p. 24). Researchers interested in historical or
comparative studies use a diachronic design which allows for tracking linguistic changes over

time (Brezina, 2018).
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Corpus linguistic techniques have evolved. Initially, corpus linguistic studies relied on a
manual method of analysis. The manual process increased time and cost and introduced
additional opportunities for error. However, the emergence of computer-assisted research allows
for the analysis of large sets of texts, which have increased flexible and efficient research tools.
One such linguistic application is the Language Inquiry and Word Count (LIWC) software
application (Pennebaker et al., 2015). LIWC was first developed in the early 1990s with multiple
iterations; the most recent version of LIWC emerged in 2015 (Pennebaker et al., 2015). The
function of LIWC is to report a percentage of the type of word usage based within a corpus and
summary variables calculations.

The current iteration of LIWC utilizes the 2015 LIWC dictionary. The LIWC2015
dictionary is comprised of 90 output variables and 6,400 words, specific emoticons, and word
stems (Pennebaker et al., 2015). Output variables consist of global variables such as affective
process. More specific variables may be listed under a global variable category, such as positive
emotion, which exists under the global category of affective process. Words may be included
under multiple categories. For example, using the word “cried” may increase the frequency of
the percentage of usage within the text under the overall effect, as well as negative emotion,
sadness, verbs, and past focus. The LIWC application is not coded to be able to differentiate
between contexts within a language. For example, LIWC output does not distinguish between a
text that uses sarcasm versus sincere expression. However, output derived from analysis may
indicate that text scores low in the authentic summary variable.

The LIWC application has three broad classification categories, including summary
process variables, linguistic process variables, and psychological process variables (Pennebaker

et al., 2015). Summary variables provide information related to analytic, authentic, clout, and
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emotion tone of the text analyzed. The linguistic process category includes variables such as
pronouns, articles, prepositions, auxiliary verbs, common adverbs, conjunctions, and negations.
Psychological processes category includes variables that identify affective, social, cognitive,
perceptual, biological, drive, time orientation, relativity, personal concerns, and informal
language words.

Researchers have utilized LIWC to study mental health, personality, and positive aspects
of social media use by analyzing social media postings. For example, Coppersmith et al. (2014)
identified language differences in posttraumatic stress disorder, social anxiety disorder, and
bipolar disorder by analyzing user posts on a social media platform using LIWC. Park et al.
(2013) identified linguistic markers to distinguish Tweets from users with posttraumatic stress
disorder versus other disorders such as social anxiety disorder, bipolar, and unipolar depression
based on the linguistic characteristics. In addition, researchers have utilized LIWC to study
personality factors and to draw conclusions about the effectiveness of online forum participation
over time (see Park & Conway, 2017; Qui et al., 201).

Reddit presents a favorable environment to observe mental health dialog among social
media users. Reddit users may remain anonymous and create “throwaway” or unidentifiable
accounts to candidly discuss information that redditors want to keep private due to stigmatization
or other reasons (Park & Conway, 2017). Reddit offers redditors a platform to openly discuss
mental health concerns due to anonymity and large character limits in posts and comments (i.e.,
40,000-word character limit per post) to describe their experiences (Gaur et al., 2018). De
Choudhury and De (2014) investigated mental health disclosures on Reddit and concluded that

users write about the significant impact on their lives.
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Reddit.com is an online social media platform that has 430 million active users (Dean,
2021). As of December 2021, it was the seventh most visited website in the United States
(Semrush, 2021). On Reddit, users are termed “redditors,” and they join communities and
subreddits, submit comments and replies, upvote comments or replies, downvote comments or
replies, and engage in various other ways with the site content. As of February 2021, 18-29-year-
olds comprised 36% of the redditors, 30-49-year-olds comprised 22%, 50-64-year-olds
comprised 10%, and 65 and older comprised 3% (Tankovska, 2021a). The United States
comprises 49.32% of Reddit users, followed by the United Kingdom at 7.85%, Canada at 7.76%,
Australia at 4.34%, and Germany at 3.11% (Tankovska, 2021b). Within the United States, 23%
of males and 12% of females reported using Reddit; nonbinary genders were not reported
(Tankovska, 2021c). Tankovska (2021d) reported that of U.S. residents, 14% of Hispanics, 4%
of Black Americans, and 12% of White Americans use Reddit.com; other racial and ethnic
groups were not reported. Reddit is written in the English language without a mechanism to
change the language or alternate language. However, subreddits are available for non-English
speakers such as r/espanol/, r/Croatia, r/French, and r/newsokur/.

A health anxiety-related community on Reddit is the subreddit r/HealthAnxiety. Per the
r/HealthAnxiety description, this subreddit was created in 2012 (r/Health Anxiety, 2021). The
description of the purpose of r/HealthAnxiety says it is “a place for people with Health
Anxiety/Illness Anxiety/Hypochondria to come together and start taking control of their
disorder” (Health Anxiety, 2022). As of January 2022, this subreddit reported 52,300 members
with eight listed moderators. As anyone on the Internet may become a redditor, the nationalities

within the subreddit r/HealthAnxiety are not known at this time.
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Although Reddit represents one of the largest and most diverse social media websites,
limited research has been conducted investigating its linguistic characteristics and health anxiety.
Among the limited studies related to linguistic characteristics on Reddit, Shen and Rudzicz
(2014) constructed a corpus analysis using Reddit to study anxiety-related posts. The researchers
utilized LIWC to determine common linguistic frequencies amongst words, including anxiety,
negative, dictionary words, affect, first-person singular, emotional tone, authentic, clout,
analytic, and feel. These researchers called for more research to be conducted to further
understanding and detection-related tools for diagnosis.

A reference corpus should be considered a source that provides general information about
the language (Leech, 2002). Leech asserts that the reference corpus should be draw from
multiple sources to ensure diversity, that it should be considered a standard among the user
community, and that it should be used as a comparison against some other variety of language.
The Corpus of Contemporary American English is currently one of the most widely used corpora
(COCA; The COCA, 2001). The COCA blogs section includes blogs postings as identified by
Google.com from academic, argument, fiction, info, instruction, legal, news, personal,
promotion, and review web pages. Considering the aforementioned, the COCA blogs section is a
diverse set of online blog postings which is widely accepted as the standard by which other
English corpora may be compared.

To date, to our knowledge, research investigating the linguistic characteristics specific to
health anxiety from the subreddit r/HealthAnxiety has not been conducted. Our study sought to
fill a research gap. The purpose of this study was to gain descriptive information about linguistic
characteristics of health anxiety from posts and replies within the subreddit r/HealthAnxiety and

to compare the data to a reference corpus. The research questions (RQ) were:
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1. What is the score of summary variables about health anxiety?
2. What is the level of use of linguistic processes in online posts about health anxiety?
3. What is the pattern of use of linguistic processes variables in online posts about health
anxiety compared to a reference corpus?
4. What is the level of use of psychological processes in online posts about health
anxiety?
5. What is the pattern of use of psychological processes in online posts about health
anxiety compared to a reference corpus?
Method
Design
In this study, a synchronic corpus linguistic design was used to explore the linguistic
characteristics of health anxiety posts on Reddit (Weisser, 2017). The reference corpus was the
blog corpus extracted from COCA (The COCA Corpus, 2021).
Power Analysis
To test the power of the results for the research questions, an a priori power analysis was
completed using G*Power (Faul et al., 2009). Log-likelihood is a derivation of the 2 test. The
appropriate effect size is Cohen’s w which was assumed at a medium effect of .3 (Rosnow &
Rosenthal, 2003). The input parameters were: (a) test-family- y2 test; (b) statistical test-
goodness-of-fit tests: contingency tables; (c) type of power analysis — a priori: compute required
sample size- given, power, and effect size; (d) w = 0.3; (e) power (1- B error probability) = 0.90;
(f) a =.05; and (g) degrees of freedom (Df) = 1. The G*Power output indicated a sample size of

117 for an actual power of 0.90.
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Study Corpus
Register, Scope, and Sources

The register is internet-based informal discourse. The subregister is health anxiety
communication. The scope is comments and replies on a public forum dedicated to health
anxiety. The source is posts and comments from the subreddit r/HealthAnxiety for the calendar
year 2019. This year was selected as it contained the most recent data prior to the COVID-19
pandemic. COVID-19 may have had an impact on health-related communication and thus
skewed the results of normative communication on a health anxiety discussion board. A full
calendar year is viewed as optimal as it controls for possible seasonal changes in communication.
Preprocessing

The corpus was extracted using the API interface within the Reddit database. The corpus
was comprised of posts and comments written in monolingual English. To protect users' privacy,
the corpus excluded usernames, location, personalized URLSs, hashtags, or location of posts. The
corpus data were preprocessed to ensure the greatest opportunity for LIWC to capture all word
frequency counts and variable designation. Non-U.S. dialect spelling was converted to U.S.
dialect (e.g., “colour” UK spelling to “color” U.S. spelling). Finally, linguistic variants and out-
of-vocabulary words and expressions were converted for lexical normalization when possible.
The final corpus was formatted into text file format for LIWC processing.
Reference Corpus
Register, Scope, and Sources

The register is internet-based informal discourse. The scope is blog posts as identified
from Google. The source is the blog corpus from the COCA (The COCA Corpus, 2021). The

blog section contained online articles for the year 2012.
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Preprocessing

A similar preprocessing method was applied to the reference corpus as completed with
the study corpus. The blog corpus selected was from the blogs section of the COCA. Non-U.S.
dialect words were converted to U.S. English (e.g., “colour” UK spelling to “color” U.S.
spelling). Linguistic variants and out-of-vocabulary words and expressions were converted
where possible (e.g., “LOL” to “laugh out loud”). The final corpus was output into a .txt format.
Due to the size of the reference corpus, it was divided into six separate text files for processing
by the LIWC application.

Instrumentation
Linguistic Inquiry and Word Count (LIWC)

This study used LIWC (Pennebaker et al., 2015) to analyze results from the corpus of
interest. Variables for the study were those identified by Shen and Rudzicz (2017) as pertinent to
anxiety posts on Reddit. The variables included authentic, clout, dictionary words, emotional
tone, analytic thinking, first-person singular, anxiety, negative, affect, and feel. Linguistic
variables of first-person plural, second-person singular, third-person singular, and third-person
plural were included in the analysis. In addition, this study included the variables from the
biological subcategory—body, health, sexual, and ingestion. These categories are associated with
physical sensations and are assumed to be of interest to those with health anxiety.

Data Analysis

Data analysis consisted of descriptive statistics and corpus comparison to identify
differences between the variables using inferential methods. A total word count and percentage
of the corpus were reported for all identified variables within the study. The LIWC data were

separated by specific variables for summary, linguistic, and psychological process variables.
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Utilizing this principle, the LIWC output for the corpus data were analyzed by applying the log-
likelihood (G?) and Bayes factor (BIC) tests. Log-likelihood and Bayes Factor (BIC) was
calculated using the R statistical analysis application. The p-value was assumed at less than .01
(p < .01) with a critical value for significance (G” > 6.63). The log-likelihood formula requires
that data from the two sources are independent (Brezina, 2018). Sources from the reference
corpus, the COCA, and posts and comments from Reddit were not present. In LIWC, variables
other than the summary categories are reported as percentage of the text. As such, percentages
were converted to raw frequencies for log-likelihood and Bayes factor analysis. The study corpus
was compared to the reference corpus to derive the log-likelihood calculation. Bayes information
criterion (BIC) was used to determine evidence against Hy, that there is no difference in
frequencies for linguistic variables between the study and the reference corpus.

Summary variables were provided as a standardized score of the category within the
corpus. The standardized score is derived from a proprietary calculation within LIWC. As such,
raw frequencies could not be derived from the information provided, and inferential statistical
analysis was not performed for summary categories. Summary scores are reported using the
standardized score from the LIWC output.

Results

Posts and comments were extracted using the Reddit API for the year 2019 and combined
into a single text file. Preprocessing procedures were completed on both the study and reference
corpus. In corpus linguistics nomenclature, a single occurrence of a word within a corpus is
referred to as a “token” and unique word form is referred to as a “type” (Brezina, 2018).

After the preprocessing, the study corpus contained 5,461,459 tokens. The total posts and

comments accounted for 80,129 total entries for an average of 68.15 tokens per entry. After
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preprocessing, the reference corpus had 106,568,862 tokens for 98,796 entries for an average of
1,078.67 tokens per entry.

In LIWC, output for variables is reported as a percentage of the text, except for summary
variables. Percentages were converted to frequency count for log-likelihood and Bayes Factor
(BIC) analysis. Due to the size of the reference corpus and limitations with LIWC in processing
larger bodies of text, the reference corpus was divided into six separate files for analysis. LIWC
percentages were then summed and divided to derive the mean for the categories under study.
The mean of the category was used to obtain the actual word count.

For descriptive statistics, percentage of text is reported in Table 2.1. Percentage of overall
text was calculated into actual word count. For RQ1, the broad summary scores about health
anxiety from the LIWC application are listed in Table 2.1. Results for RQ2 and RQ3 are also
presented in Table 2.1.

Table 2.1

LIWC Descriptive Statistics (RQs 1-3)

Study Corpus Reference Corpus Summary Var
Variable . % of % of Study Ref. Corpus
Category Variable Raw Ct All Raw Ct All Corpus Stand.
Words Words  Stand. Score Score

Broad Analytic 31.67 78.58

Broad Clout 24.10 62.3

Broad  Authentic 85.48 32.36

Broad Tone 7.66 48.26

Ling Ips 4429243 8.11 2360500 2.15

Ling Ipp 491531 0.09 3836479  0.36

Ling 2p 1212434 222 1445784 1.35

Ling 3ps 202064  0.37 1152720 1.08

Psych Anxiety 104860  1.92 282407.5  0.26
Psych Affect 3850329 7.05 5264502  4.94
Psych P Emo 146913.2  2.69 3268112 3.06
Psych N Emo 232112 425 1916463 1.79
Psych Anger 27307.3  0.50 637637 0.59
Psych Sad 232112.86 0.47 1916463.8 0.32
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9284.48
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2.40
3.63
0.17
0.67

458246.1
619875.5
150972.6
396080.9

0.43
0.58
0.14
0.37
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Note. Raw Ct is the frequency of the word occurrence in corpus, Stand. Score is Standardized

SCore.

For RQ4 through RQ6, Table 2.2 details the inferential statistics for the results. Log-

likelihood (G?) shows significance across variables in either over or underuse. All variables

exceeded the critical cut-off of 6.63 for p < .01 for significance (G = 484579.4 t0 276.0733, df =

1, p <.01). Bayes Factor (BIC) scores over 10 indicate very strong evidence against the null

hypothesis (Wilson, 2013). Bayes Factor (BIC) scores indicate very strong evidence across all

variables (BIC = 465696.04 to 257.09, df = 1). Overuse variables in the study corpus were 1%

erson singular, 2" person singular, anxiety, negative, affect, negative emotion, sad, body,
p g p g Yy, neg g y

health, sexual, and ingest. Underuse in the study corpus was 1% person plural, 3™ person singular,

positive emotion, and anger.

Table 2.2

LIWC Inferential Results (RQOs 4-5)

Category Process G? Overuse/ BIC BIC
Underuse Descriptor
1% sing Linguistic 484579.4** + 465696.04  Very Strong
1% plur Linguistic 15355.87** - 15300.14  Very Strong
2" sing Linguistic 24064.74** + 23651.19  Very Strong
3" sing Linguistic 33384.72%* - 33103.77  Very Strong
Anxiety Psychological 210893.3** + 209439.68  Very Strong
Affect Psychological 43479.02%** + 41007.63  Very Strong
Po. Emo Psychological 2589.557** - 2495.14 Very Strong
Neg. Emo Psychological 125967.6** + 122739.83  Very Strong
Anger Psychological 897.2782%* - 873.79 Very Strong
Sad Psychological 2929.07** + 2910.54 Very Strong
Body Psychological 215191.4** + 213133.85 Very Strong
Health Psychological 358659.3** + 353732.31  Very Strong
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Category Process G? Overuse/ BIC BIC
Underuse Descriptor
Sexual Psychological 276.0733** + 257.09 Very Strong
Ingest Psychological 9955.97** + 9890.19 Very Strong

Note: The G? critical value for **p < .01 is 6.63. df = 1. G? is Log-likelihood. Overuse/Underuse
represents comparison of study corpus versus reference corpus. Overuse (+) means more
frequent is study corpus. Overuse (-) means less frequent in study corpus. BIC is Bayes
Information Criteria. Scores over 10 indicate very strong evidence against Hy.

Discussion

An important task for counselors is to enter the subjective world of their client (Yalom,
2013). The method of corpus linguistic studies allows for mental health researchers to enter the
world of certain pathologies at a group level, observing the various linguistic traits and patterns
of communication. Such an endeavor can assist counselors in understanding the experiences of
individuals to provide a view into the internal experiences that may not normally be observed
within the counseling room.

Specifically, the purpose of this study was to gain a better understanding of the linguistic
attributes of health anxiety communication on Reddit. That is, we were interested in how
communication transpires for this subreddit dedicated to health anxiety. The results painted an
interesting picture of the community. Primarily, the findings show significant differences
between the study corpus and the reference corpus. At a high level, the key findings demonstrate
that communication is authentic with a high degree of self-focus laced with negative emotion and
anxiety words.

In considering the summary variables, the results indicated that reddit users are authentic
when communicating. This finding supports previous research (De Choudhury & De, 2014; Gaur

et al., 2018). De Choudhury and De found that posts and comments on mental health-related

subreddits can have a high degree of self-disclosure due to anonymity and throwaway accounts,
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among other factors. Considering the authenticity score (85.48), the health anxiety corpus
suggests that posts may reliably reflect the experiences of posters on the board.

The most significant difference in linguistic variables was the first-person pronoun (FPP)
usage in the study corpus. This corresponds with the findings of Sonnenschein et al. (2018).
Sonnenschein et al. (2018) compared LIWC scores for FPP across mood and anxiety disorders in
a clinical context. For anxiety disorders without comorbid depression, the LIWC score was
8.10%. This aligns closely with the study corpus result of FPP of 8.11%. This corollary may be
indicative of pronoun usage being consistent across contexts such as online versus in-person
communication. Self-focus is defined as “an awareness of self-referent, internally generated
information that stands in contrast to an awareness of externally generated information derived
through sensory receptors” (Ingram, 1990, p. 156). The degree to which someone refers to
themselves in writing or verbally can be indicative of self-focus (Tausczik & Pennebaker, 2010).
Tausczik and Pennebaker (2010) asserted that when individuals experience emotional or physical
pain their attention is drawn inward, which explains increased attention towards the self and
elevated use of FPP.

The CBT model provides a possible explanation for heightened self-focus. The CBT
model of health anxiety describes a cycle in which an internal or external trigger elicits an illness
thought with anxiety and fear (Furer et al., 2007). Subsequently, bodily sensations may be
interpreted as a sign of a serious disease or disorder which leads to checking and reassurance
seeking. This may temporarily reduce anxiety or fear but reinforces the behavior. The nature of
this model relies on self-focus as the individual is monitoring, evaluating, and misinterpreting
internal and external queues. As the behavior or reassurance seeking is self-reinforcing, those

with health anxiety may become increasingly habituated to the cycle and increase their self-
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monitoring for signs of trouble. For example, internal triggers lead to an illness thought which
evokes anxiety and fear. Self-focus levels may be high as the individual is attuned to what is
transpiring internally and interpreting and misinterpreting internal and external triggers. Further,
increased attention to bodily sensations may also reinforce the awareness of internally generated
information as fear and increased bodily sensations lead to an overapproximation of the severity
of the symptoms experienced. Increased self-focus could be indicative of a cognitive bias that
can be closely connected with both acute and chronic negative affect (Mor & Winquist, 2002).
This cognitive bias may be an explanation for elevated scores of psycholinguistic variables.

The psycholinguistic variables negative, affect, and negative emotions showed significant
difference compared to the reference corpus. These results are not surprising as the DSM-5
(American Psychiatric Association, 2013) notes significant distress related to symptoms for both
illness anxiety disorder and somatoform disorder. Taken with the increased self-focus, these
findings agree with Mor and Winquist (2002) regarding increased self-focus and negative affect.
Further, the elevated use of negative, affect, and negative emotion words support previous
research that found a correlation between health anxiety and negative affect (see Marcus et al.,
2008). O’Bryan et al. (2017) found that those with greater heath preoccupations experienced
emotions more frequently, intensely, and for longer durations. While the results within this study
cannot verify rumination or cognitive distortions, the high degree of body, health, and ingest
variables suggest an emphasis on writing about physiological topics. These results may mirror a
preoccupation or rumination common among those with health anxiety (Marcus et al., 2008).
Interestingly, the results of this study show twice the level of anxiety and sad language use than

reported by Sonnenschein et al. (2018) for anxiety without comorbid depression. Whether the
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difference is due to context or linguistic variation between health anxiety and general anxiety
disorders is unknown.

In terms of the biological variables, body, health, and ingest scores were elevated within
the health anxiety corpus. This seems consistent with the purpose of the discussion board and, as
mentioned earlier, may also be indicative of rumination regarding the topic on health-related
matters. Bodily related matters are essential within the framework of health anxiety as the locus
of anxiety is often essentially physiological experiencing and interpretation. Considering the
aforementioned, words associated with health-related anxiety may often be physiological in
nature. Within the CBT model, internal or external triggers are the impetus of illness thoughts
and anxiety sensations (Furer et al., 2007). This may lead to bodily sensations and
catastrophizing thoughts regarding a possible illness. Subsequently, reassurance seeking,
checking, safety signals, and avoidance occur. Knowledge regarding the stage of the model by
which redditors most commonly post is beyond the scope of this research. However, it may be
possible that users post for reassurance seeking and checking as item level posts often detail
symptoms along with expressions such as experiencing significant health anxiety “at the
moment” which redditor will often abbreviate to “atm.”

In summary, these findings highlight that posts and comments within the health anxiety
corpus are authentic, have a high degree of self-focus, have a high degree of negative affect, and
are focused on topics related to the body. The findings may be conceptualized within the CBT
model for health anxiety and are consistent with previous research regarding health anxiety.
These linguistic characteristics describe how those with health anxiety communicate at a group
level. This perspective from a group may assist mental health professionals in garnering a deeper

understanding of the experiences of those with health anxiety, especially if they choose to peruse
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the posts and comments on the subreddit of study. As Yalom (2013) emphasized the importance
of entering the individual experience of clients, review of postings on this subreddit allows for
professionals to enter the world of those who are suffering with health anxiety and to potentially
obtain a new perspective, especially of those during acute anxiety episodes potentially not seen
in a professional setting.

Clinical Implications

The purpose of this study was to determine the linguistic attributes of health anxiety
communication from an online forum. The results describe a group that communicates
authentically, with high degrees of negative affect and biological words consistent with the
pathology and literature on health anxiety. Considering these factors, the current forum appears
as a valid representation of the population.

From a counselor education perspective, counselors-in-training may benefit from reading
the posts and replies as an addition to their current training to gain further understanding of this
condition. At the post level, counselors-in-training may benefit from descriptions of acute health
anxiety which are often accompanied with the acronym “atm” which stands for at-the-moment.
Also, counselors-in-training could benefit from identifying accompanying cognitive distortions,
such as catastrophizing, to increase their understanding of how such distortions interact with
negative emotional affect. Likewise, practicing counselors may benefit from reading posts and
replies as they increase their competencies when interacting with this population.

At an enterprise-level, there may be opportunities to expand the field of the counseling
practice. For example, De Choundry et al. (2013) suggested creating online monitoring of
postpartum depression forums for automated interventions based on linguistic markers contained

within posts. As more innovations of real-time monitoring are constructed, counselors may find
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opportunities contracting with larger platforms such as Reddit to evaluate and offer online
community mental health services. If baselines are established across linguistic attributes,
elevated linguistic attributes at the comments or replies level may serve as markers for
intervention. Online interventions such as internet-based CBT for health anxiety have
demonstrated effectiveness in treating health anxiety (Newby et al., 2018). Perhaps such
interventions, psychoeducational material, or referral sources could be offered to redditors based
on real-time linguistic monitoring. As the counseling profession continues its growth, more
counselors may find opportunities working at an enterprise-level for larger hosting institutions.

Finally, there are opportunities for advancement in assessment and evaluation. As
linguistic attributes are identified across mental health conditions, it is conceivable that narrative
writing may be evaluated to augment assessment data relevant to diagnosis and personality. For
example, Holtzman et al. (2019) demonstrated a modest link between LIWC categories and
narcissistic personality disorder. As the field continues to develop tools and methods related to
linguistic attributes and mental health, opportunities towards new types of assessment and
measurement will be possible.
Research Implications

The present study outlined the linguistic attributes of Redditors on a health anxiety
subreddit. Building on the LIWC variables identified by Shen and Rudzicz (2017), an increase in
understanding the linguistic characteristics for online communication regarding health anxiety
communication is provided in this study. Fundamentally, the results of this research present a
consistent description of health anxiety discourse on this subreddit in conjunction with the

literature.
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Future research may expand the baseline established here to explore variances and
agreements. The present study can be used as a basis of comparison to contrast other online
forums, time periods, mental health disorders, or changes in linguistic attributes for individual
users over time. For example, tracking linguistic characteristics of users over time could yield
some information related to possible efficacy of support forums if self-focus, negative emotion,
and affect variables decrease. Further, opportunities exist to correlate LIWC categories with
cognitive distortions that may vary in prevalence based on the pathology presented. Another
possible avenue of exploration is investigating the impacts or effects of individuals who
participate in forums and associative linguistic alterations in conjunction with outcome measures
of health anxiety. Future research may evaluate the alterations in language use between a 2019
sample, as provided in this study, and language use during the COVID-19 pandemic. Also,
exploring the impacts of those reading posts and comments may also be of benefit, such as
investigating whether reading posts and comments increase empathy or understanding of the
condition among counselors-in-training.

Limitations

The present study has several limitations. First, the linguistic attributes identified within
the study populations represent monolingual English. Statistics on Reddit use for countries
outside of the U.S. suggest minimal usage, and exact make-up of the nationality or English as a
first language are not known within the sample population. As such, generalization to other
nationalities, regions, or languages is not possible. Also, linguistic attributes may be generalized
only to online communication for this group. The LIWC application cannot distinguish words in
context and as such words used in various forms, such as sarcasm, warrant caution for

generalizing results.
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Further research is needed to compare results of in-person interpersonal communications
for those with health anxiety. Generalizations may be limited as the comparison corpus was
taken from general blog entries and not from other online forum formats. This study compared a
2019 study corpus to a 2012 reference corpus. As such, linguistic analysis may be impacted as
new vocabulary may enter the lexicon over time (Leech, 2002). For example, proper noun usage
may change due to current events. Further replication from different reference corpora before
making definitive generalizations about the findings. Finally, generalization should be used with
care as findings look at group-level linguistic attributes and may not account for an individual’s
specific linguistic attributes.

Conclusion

The current study sought to identify the linguistic attributes of those with health anxiety
on the subreddit r/HealthAnxiety. The results describe a collection of communication that is
authentic, high in self-focus, uses a significant amount of negative emotion words, and have
higher levels of words associated with biological processes. The results support previous
research regarding health anxiety. Further, the findings indicate that this subreddit may be a
source for counseling professionals to reference to gain a deeper understanding of the
experiences with health anxiety. Developing a deeper understanding of the experiences may
provide greater insight into the internal worlds of those with health anxiety. Real-time posts or
comments during acute episodes of health anxiety could provide an appreciation for the
significant distress experienced by those with health anxiety. The current study can serve as a
baseline for future research to compare linguistic attributes over time, with other groups, and in

other online and offline contexts; it can also be used for user-specific studies.
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Abstract

Researchers are using computer assisted linguistic analysis software to provide
information related to mental health conditions. By analyzing discourse from a variety of sources
much can be learned about populations. Research in social media postings is providing
information related to a variety of mental health conditions. Health anxiety is a symptom that
overlaps a variety of mental health diagnoses. A study corpus was created from one-year of posts
and comments from the subreddit r/HealthAnxiety from Reddit.com. The study corpus was
compared to the blogs section from the corpora the Corpus of American English Corpus (The
COCA, 2021). This study identified the top 100 keywords for the study corpus and the reference
corpus. Subsequently, the most common collocates for the top five keywords and term “health
anxiety” were identified for the study corpus. The results indicate that the uniqueness of the
study corpus pertains to words regarding medications or diseases, medication and supplements,
medical tests, online resources, symptom words, body part, and anxiety. A discussion of the
results, clinical implications, counselor education implications, research, and limitations is
included.

Keywords: health anxiety, keyness, keywords, collocates, AntConc, corpus linguistics
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Health Anxiety Posts on Reddit: A Keyness and Collocation Study

Researchers’ studying mental health disorders via social media interaction has increased
over the past decade (Shen & Rudzicz, 2017). Utilizing a language analysis approach, such as
corpus linguistics, allows researchers to investigate large data sets for linguistic patterns of
interaction to gather insight into a user's psychology (Tausczik & Pennebaker, 2010). The ways
in which individuals use words can provide information regarding beliefs, thinking patters, social
relationships, personalities, and fears (Pennebaker et al., 2015). On social media websites, such
as Reddit, discussion boards focus directly on mental health-related topics such as depression,
suicide, and health anxiety. Despite the increase in research, keyword analysis and studies related
to collocations have yet to be conducted on the subreddit related to health anxiety.

The prevalence of health anxiety is increasing (Tyrer et al., 2019). Those with health
anxiety can experience symptoms for many years prior to diagnosis (Hedman et al., 2011). While
health anxiety is often underdiagnosed, those with health anxiety can experience intense misery
due to the condition and sometimes the result of the condition ends in suicide (Tyrer & Tyrer,
2018).

Health anxiety is fear of, preoccupation with, or negative interpretation of health-related
symptoms, often out of proportion with the symptoms experienced (Salkovskis & Warwick,
2001). The Diagnostic and Statistical Manual (DSM-5) describes health anxiety symptoms
within the somatoform disorders or illness anxiety disorder (American Psychiatric Association,
2013). Health anxiety may be experienced on a spectrum from mild to severe symptoms. In more
severe cases, individuals may struggle with persistent ideation of a fatal disease without
appropriate physiological symptoms to substantiate this preoccupation (Warwick & Salkovskis,

1990). While specific disorders address health anxiety specifically, its symptoms are often
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components of other anxiety disorders such as generalized anxiety disorder, obsessive-
compulsive disorder, and panic disorder (Abramowitz et al., 2007). Research related to
individuals’ linguistic qualities with health anxiety may increase a practitioner’s ability to
recognize the experience and common language of those who meet diagnostic criteria.

The cognitive behavior model of health anxiety provides a comprehensive explanation
for health anxiety and is well researched (Taylor & Asmundson, 2004; Warwick & Salkovskis,
1990). Factors for development of health anxiety are biological predisposition to anxiety,
stressful life events, or exposure or experiencing difficult illness or death-related experience
(Walker & Furer, 2008). The cognitive behavior model of health anxiety describes a cycle
consisting of triggers, emotions, and behaviors. Health anxiety may be elicited by the individual
experiencing either an internal or external trigger (Furer et al., 2007; Walker & Furer, 2008).
Following trigger events, those with health anxiety experience an illness thought accompanied
with anxiety or fear, increased bodily sensations, and subsequent overestimation of the severity
of bodily sensations. Next, those with health anxiety engaged in coping behaviors which may be
increased checking, reassurance seeking, avoidance, medical appointments, and so forth. While
coping strategies may temporarily diminish anxiety, coping behaviors will often maintain the
experience of health anxiety as the anxiety cycle waxes and wanes (Warwick & Salkovskis,
1990).

Interestingly, the emergence and common use of the Internet is impacting the rates of
health anxiety. Tyrer et al. (2019) reported an increase in health anxiety from 14.9% in 2006-
2008 to 19.9% in 2008-2010; self-diagnosis from web-based interactions contributing to the
increase. As health-related interactions increase with online tools, the emergence of

cyberchondria is a condition of note. Cyberchondria is defined as repeated or excessive searching
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of health-related information via online resources (Starcevic & Aboujaoude, 2015; Starcevic &
Berle, 2014). More extended periods of internet use focused on health-related information
correlates with increased levels of anxiety. Paradoxically, individuals seek to reduce anxiety via
health-related and symptom-related searches. However, users often discover new information,
which may increase rumination and anxiety. Understanding how those with health anxiety use
the Web and interact with others is an essential topic for mental health researchers to investigate.

Individuals with health anxiety may find value in engaging with an online community.
Reeves et al. (2014) found that individuals with chronic illnesses benefit from social involvement
with online group interactions. The researchers noted that engagement with internet-based
technology (e.g., community groups) might buttress self-management and mental and physical
wellbeing. Further, individuals might grow personal networks as their health needs evolve. In
addition, support garnered from social network interactions may substitute for formal care, which
reduces healthcare costs. Despite these findings, little is currently known about users’
experiences with health anxiety on social media networks such as Reddit. Researchers can gain
further understanding by utilizing a corpus linguistics approach.

Reddit is a social media platform with 430 million active users (Dean, 2021). As of
December 2021, it was listed as the seventh most visited website in the United States (Semrush,
2021). Users are called “redditors.” Redditors may join communities, post and comment, upvote
or downvote comments, create topic specific subreddits, and interact with the website in various
other ways. The primary language on Reddit is English without a site-based mechanism to
change the language. However, specific subreddits may be created for non-English speakers.

The userbase of Reddit is varied. As of February 2021, 18-29-year-olds comprised 36%

of the redditors, 30-49-year-olds comprised 22%, 50-64-year-olds comprised 10%, and 65 and
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older comprised 3% (Tankovska, 2021a). The United States comprises the largest portion of
redditors at 49.32%, then the United Kingdom at 7.85%, Canada at 7.76%, Australia at 4.34%,
and Germany at 3.11% (Tankovska, 2021b). Within the United States, 12% of females and 23%
of males were reported using Reddit; nonbinary genders were not reported (Tankovska, 2021c¢).
Tankovska (2021d) reported that of U.S. residents, 4% of Black Americans, 14% of Hispanics,
and 12% of White Americans use Reddit.com; other racial and ethnic groups were not reported.
Demographic data for specific subreddit usage is not known at this time.

A corpus represents a text or a set of texts, which can take either oral or written form,
identified for linguistic analysis (Weisser, 2016). Researchers have a great deal of flexibility in
the construction of a corpus. Corpus linguistics researchers focused on contemporary speech may
conduct synchronic design. Conversely, researchers interested in historical or comparative
studies may adopt a diachronic design. Researchers could construct a static corpus in that the
corpus is fixed and not open to change, or they can adopt a dynamic approach in which the
corpus changes over time to reflect the evolving nature of language (Weisser, 2016).

A reference corpus is a collection of written or spoken words by which a study corpus is
compared. A reference corpus should be comprised of source material that provides general
information about the language (Leech, 2002). Leech asserts that the reference corpus should be
viewed as a bench mark by which to compare other uses of language. A reference corpus should
represent multiple sources to ensure diversity. The Corpus of Contemporary American English is
one of the most widely used corpora for the English language (COCA; The COCA, 2001). The
COCA blogs section includes blogs postings as identified by Google.com from academic,

argument, fiction, info, instruction, legal, news, personal, promotion, and review web pages.
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Considering the aforementioned, the COCA blogs section meets the criteria forwarded by Leech
(2002) for use in corpus linguistic analysis.

Little is known about the experiences of those with health anxiety as it presents via online
forums such as Reddit. Reddit is one of the largest, free, online forums where it has been
observed that users express their views about topics from a wide range of subject matter. It has
been noted that due to the significant character limits and anonymity, users are more expressive
and open about mental health experiences (De Choudhry & De, 2014). Shen and Rudzicz (2017)
investigated anxiety across several Reddit groups or subreddits. They identified that anxiety,
negative, dictionary words, and affect were among the most common types of terms used by
users. Further, the researchers identified unigrams, bigrams, and trigrams common across groups
of anxiety subreddits compared to a group of selected control subreddits. However, results
specific to the health-anxiety subreddit were not identified within their study.

Given the aforenoted gaps and needs, this study sought to identify keywords and
collocations existing within the subreddit r/HealthAnxiety. The research questions were:

1. What words distinguish online posts about health anxiety from online posts in

general?

2. What words distinguish general online posts from online posts about health anxiety?

3. What are the most common collocations of the strongest keywords of online posts

about health anxiety?

4. What are the most common collocations of the term “health anxiety” in online posts

about health anxiety?

There is a compelling argument for researchers in counseling and related fields to use

corpus linguistic methods. First, Pennebaker (2012) suggested that a revolution is underway with
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linguistic analysis that will have a profound impact on the social sciences. Pennebaker observed
that words are like fingerprints which provide information related to an individual’s identity.
Specific to counseling, LaGue et al. (2019) assert that corpus linguistic tools can provide insight
into unique worldviews, provide objective data regarding effective interventions, and may
contribute to skill development for counselors-in-training (p. 13). Greaves and Dykeman (2018)
studied the linguistic attributes for individuals with nonsuicidal self-injury; they stated that
understanding and analyzing language may help counselors provide information related to their
inner experience. The researchers asserted that such information would assist the mental health
field in understanding individuals regarding their pathology better. Regarding these observations
mentioned above, language analysis and corpus linguistic methodology are appropriate for
research within the counseling and mental health fields.
Method

Design

The present research study used a synchronic corpus linguistic design to observe the
characteristics of health anxiety posts on Reddit (Weisser, 2016). The Corpus of Contemporary
American English was used as the reference corpus (COCA; The COCA corpus, 2021). The
application AntConc 3.5.9 was used to identify the top keywords and collocations within the
corpus (Anthony, 2020). Keywords and collocations indicate unique attributes of the corpus of
interest and provide insight into the corpus of references’ “aboutness” (Egbert & Biber, 2019).
Power Analysis

An a priori power analysis was completed for the research questions using G*Power
(Faul et al., 2009). The tests used are a derivation of the x2 test. The appropriate effect size is

Cohen’s w; we assumed a medium effect of 0.30 (Rosnow & Rosenthal, 2003). The input
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parameters were: (a) test-family- y2 test; (b) statistical test- goodness-of-fit tests: contingency
tables; (c) type of power analysis — a priori: compute required sample size- given, power, and
effect size; (d) w = 0.3; (e) power (1- B error probability) = 0.90; (f) a = .05; and (g) degrees of
freedom (Df) = 1. The G*Power output indicated a sample size of 117 for an actual power of
0.90.

Study Corpus

Register, Scope, and Sources. The register is internet-based informal discourse. The
subregister is health anxiety communication. The scope is comments and replies on a public
forum dedicated to health anxiety. The source is the subreddit r/Healthanxiety for the calendar
year 2019. The year was selected as the COVID-19 impacted most of 2020, potentially
influencing normative communication on a health anxiety board. A full calendar year was
selected to control for seasonal impacts on communication.

Preprocessing. Raw data from comments and replies were extracted from the
r/HealthAnxiety subreddit. Data were output in text format. Usernames were not gathered to
protect users’ privacy. Direct quotations with personal identifying information were not used in
the results or discussion sections of this study. Colloquial words and terms were converted to
standard English (e.g., “lol” to laugh out loud, “btw” to by the way, “HA” to health anxiety,
“IMHQO” to in my humble opinion). Punctuation was added as necessary and wherever possible
(e.g., “ive” to “I’ve,” “im” to “I’m,” and so forth). Stop words were removed to reduce noise
within the corpus.. The text files were merged as necessary to prepare for processing by the
AntConc application.

Reference Corpus
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Register, Scope, and Sources. The reference corpus selected is the COCA blog portion
(The COCA Corpus, 2021). The register was online informal discourse. The scope is blog posts
identified by Google.com covering a variety of topics including academic, argument, fiction,
info, instruction, legal, news, personal, promotion, and review web pages for the year of 2012
(The COCA Corpus, 2021). The source is the blog portion of the COCA.

Preprocessing. The preprocessing strategy was undertaken to the reference corpus as that
of the study corpus. Colloquial words and terms were converted to standard English (e.g., “lol”
to laugh out loud, “btw” to by the way, “IMHO” to in my humble opinion). Stop words were
removed to reduce noise within the corpus. COCA text files were merged into a single file for
preprocessing. After preprocessing, due to the file size, the file was divided into nine separate
files for use in AntConc when using it as a comparison for the study corpus.

Measures

Keyness. This study sought to identify keywords and collocates within the subreddit
r/HealthAnxiety. A keyword list was used to identify the keyness of a text. Keyness is a common
corpus linguist approach to determine the “aboutness” of a text (Egbert & Biber, 2019).
Keywords are words that appear more frequently within the study corpus than the reference
corpus. These keywords represent the uniqueness of the corpus.

Node Word. A node word is a central word, phrase, or grammatical structure that is
central to how co-occurrence patterns are evaluated (Brezina et al., 2018; McEnery & Hardie,
2011). As such, node words are vital to the identification of collocations, and they represent the
central search terms used. For this study, node words were the top five keywords as well as the

term “health anxiety.”
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Stop words. Words that do not provide information or substance specific to the subject
of interest are considered stop words (Geisler & Dykeman, 2021). For this study, removing stop

29 <6

words decreased the noise within the corpus. Examples of stop words are “the,” “is,” “and,” and

“as.” The National Language Toolkit (NLTK) list was used to identify which stop words to
remove from the study and reference corpus (Loper & Bird, 2002).

Collocation. Collocations provide additional information related to an interpretation of
keywords within a corpus. Firth (1968), a significant figure in linguistics, wrote regarding
collocations, “You shall know a word by the company it keeps” (p. 179). Brezina (2018) asserted
that knowledge related to essential words within a corpus may be enhanced by understanding
words that appear in close proximity.

Apparatus

AntConc 3.5.9 is a text analysis software that can determine lexical patterns from a
corpus or corpora (Anthony, 2020). AntConc is used to identify concordance, clusters, n-grams,
collocation, word lists, and keyword lists. Users may select a reference corpus to compare a
corpus of interest within the user interface.

Data Analysis

The AntConc application was used to identify the top 100 keywords for the corpus of
interest compared to the reference corpus. The following were reported: rank, frequency,
keyness, effect, and keyword. Within keyword identification, two significant metrics are
typically required: significance and effect (Gabrielatos, 2018). This study used the log-likelihood
test to determine statistical significance. Traditionally, in the social sciences, p values of less

than .05 have been deemed sufficient. However, because of the multiple tests that are conducted

as part of keyness studies, the keyword statistic is often assumed at far more conservative p
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values, with p <.01. Hardie’s (2014) log-ratio test was used to test for effect size. Bonferroni
correction was used to control for family-wise error rate. Parameters for keyness values were set
as “log-likelihood 4-term,” keyword statistic threshold “p <.01 + Bonferroni,” keyword effect
size measure “Hardie’s Log Ratio,” key effect size threshold “Top 100.”

For collocations, the top five keywords and the term “health anxiety” were identified as
