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SUMMARY

With the ubiquity of the Internet, health information that previously could only be ob-
tained from a healthcare provider is now easily accessible to consumers. Indeed, many
people turn to the Internet for health information despite their preference to see a health-
care provider. Infodemiology leverages the digital footprints left behind from online health
information seeking to derive insights into human behavior. By applying computational ap-
proaches to passively-collected, user-generated data, a number of useful insights have been
generated for public health issues spanning including chronic diseases, infectious diseases,

behavioral health, and mental health.

However, few infodemiology studies have examined reproductive and sexual health.
This area is particularly ripe for exploration as the sensitivity of these health concerns
often drive people to trade accuracy (by obtaining information from a trusted provider)
in lieu of the anonymity of the Internet. The main contribution of this dissertation is to
fill this existing gap in infodemiology literature by contributing two case studies of online

information seeking for reproductive and sexual health.

Prior to delving into the case studies, I provide a general backdrop for online informa-
tion seeking and existing models of health information seeking that conceptualize health
information seeking behaviors and the search process. Following this background, I present
the first case studies examining online search engine queries for contraceptive methods dur-
ing a period of heightened uncertainty for U.S. healthcare reform. The second case study

examines online information seeking on the subreddit r/STD for recent information seeking



related to sexually transmitted infections (STIs). Both of these case studies are extremely
timely given the focus on the repeal of the Affordable Care Act and record high rates of

STIs in the U.S., respectively.

Specifically, I point to some of the most interesting and important results of these
case studies. First, I identified unprecedented information seeking for intrauterine devices
(IUDs) in response to uncertainty regarding the contraceptive mandate. This is critical
given many public health leaders have speculated about the potential implications of the
recent election and ours is the first study to link the change in administration to poten-
tial health outcomes using data. Second, I identified salient information needs of a previ-
ously unstudied platform, the subreddit r/STD. This community primarily seeks informa-
tion about the human papillovirus (HPV), herpes simplex virus (HSV), transmission and
risk of STIs during oral sex, and medical testing window periods. In the process, I identified
and examined sharing of online resources, which is understudied in public health. Finally,
I find evidence supporting experience and salience (external and internal uncertainty) as

motivators linking these health information searches.

Both of these studies have implications for medical decision making and can support
recent calls in the public health community for data-driven approaches to determine and

tailor health communication.
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CHAPTER 1

INTRODUCTION

1.1 Motivation

Infodemiology, an emerging field, utilizes digital data trails left behind from when people
use the Internet to search and communicate health-related information to generate useful
insights for and inform public health and policy [1]. Computational approaches applied to
these passively-collected, user-generated data have provided insights spanning infectious
and chronic diseases, behavioral health, and mental health. To name a few examples, search
engine queries have been used to examine pro- and anti-vaccination information seeking
[2], Reddit has been used to examine self-disclosure of mental illness [3], and symptom-

related search engine queries have been used to predict pancreatic cancer [4].

Why would an individual turn to the Internet for reproductive or sexual health informa-
tion? As Friedman et al. (2016) stated “Despite the ubiquity of sex in the media, a culture
of silence surrounds sexual health in the United States ... [5].” The sensitivity of reproduc-
tive and sexual health drives people to often trade accuracy in lieu of the anonymity of the
Internet. Indeed, many people first turn to the Internet for information about reproductive
and sexual health despite their preference to first speak with a healthcare provider because

of this exact reason. This makes reproductive and sexual health information seeking par-



ticularly ripe for infodemiology.

Few infodemiology studies have examined reproductive and sexual health with the ma-
jority focusing on human immunodeficiency virus (HIV) and the human papillomavirus
(HPV) vaccination using Twitter. Both of these are serious public health issues; however,
research has overlooked more general public health issues such as the ones examined in
this dissertation. The aim of this dissertation is to demonstrate the value of automated min-
ing passively-collected, user-generated online data for insights into recent reproductive and
sexual health information seeking. More specifically, I present two case studies where I ap-
ply existing strategies to mine insights into information seeking behavior for contraceptives

and sexually transmitted infections (STIs).

The first case study in this dissertation examines online search engine queries for con-
traceptive methods during periods where there is heightened uncertainty of a repeal of the
Affordable Care Act (ACA). The second case study examines online information seeking
on the subreddit r/STD to examine recent information needs related to STIs. These case
studies are timely given the increased emphasis on a full or partial repeal of the ACA un-
der a Republican-controlled presidency and Congress and the record-high incidence rate of
STIs in U.S., respectively. I take an atheoretical approach to both case studies, however,
the results are compared to current models of health information seeking for a qualita-
tive understanding of the motivators contributing to the information search. In doing so,
the main contribution of this dissertation is extracting recent information needs for repro-
ductive and sexual health (two understudied applications) using novel online data sources

(Google search queries and Reddit) thereby filling a gap in existing literature.



By leveraging user-generated online data to listen to the public, we discover the pub-
lic’s, an often not involved stakeholder in health communication, potential information
needs. Our current methods to examine health information seeking behavior and identify
health information needs are costly, resource-intensive, and lag in time relying on surveys,
focus groups, or in-depth interviews. The approaches demonstrated in this dissertation ex-
amine health information seeking behavior and salient information needs using publicly
available data, are minimally intrusive, and can be done in near real-time complement-
ing more traditional approaches. In the future these approaches could be used to inform
health communicators (healthcare providers, public health experts, and medical librarians),
another stakeholder and the decision makers, of platform-specific community health in-
formation needs and trends. Understanding the needs of online communities is critical for
effective tailoring of health communication. As an HIV digital strategist recently stated “As
communicators, we need to do more than understand which channels we can use to reach
our audiences. We need to understand why individuals visit different social media sites and
the unique characteristics of each platform, including: what content performs bests ...and
how we can best contribute to the conversation. To understand these channels, we need to

listen - listen to our audiences, and listen to the data [6].”

To summarize, this dissertation has the following contributions. First, I identified and
addressed a literature gap related to reproductive and sexual health in the field of infodemi-
ology. Second, I identified online information seeking behavior in response to changing
healthcare policy. More specifically, I identified unprecedented information seeking for

intrauterine devices (IUDs) in response to increased uncertainty in U.S. healthcare policy



reform. Third, I identified salient information needs related of a previously unstudied on-
line community. More specifically, I identified salient information needs related to sexual
health and STIs on the subreddit t/STD. In doing so, I also identified online resources that
are being shared by consumers, which has been understudied in public health. Finally, both
case studies provide supporting evidence that uncertainty is a motivator of health informa-

tion searches linking the studies.

1.2 Dissertation Overview

This dissertation is organized into the following five chapters.

Chapter 1: Introduction provides a high-level motivation behind my dissertation re-

search.

Chapter 2: Background and Literature Review offers an overview of online health in-
formation seeking, existing models of health information seeking, and concludes with a
discussion of the existing infodemiology literature. In this chapter, I discuss a common

vocabulary for the field that I will adhere to for the remainder of this dissertation.

Chapter 3: Online Information Seeking for Reproductive Health contributes the find-
ings from the first of the two case studies demonstrating the application of computational
approaches to passively-collected, user-generated online data to identify trending informa-
tion seeking for contraceptives. Specifically, this chapter explores increases in information

seeking for IUDs in response to heightened uncertainty surrounding a repeal of the ACA.



I find evidence of a positive relationship between increased information seeking for IUDs
and events of heightened uncertainty. Additionally, this increased information seeking is
elevated across all states irrelevant of the state’s electoral vote in the 2016 U.S. presidential

election.

Chapter 4: Online Information Seeking for Sexual Health contributes the findings from
the second of the two case studies demonstrating insights from data-driven computational
approaches to passively-collected, user-generated online data to identify the salient infor-
mation needs of r/STD. Specifically, I find evidence that this community’s most salient
information needs are related to HPV, herpes simplex virus (HSV), transmission and risk
of STIs during oral sex, and medical testing window periods. To ensure validity of the
computational approaches, I compare the results of topic modeling to a qualitative analysis
of a subsample of the data. Finally, I include an analysis of online resource sharing, which

is rare in public health.

Chapter 5: Conclusions and Future Work concludes this dissertation by summarizing
takeaways as well as pointing out implications and future directions. In particular, I dis-
cuss implications to tailor health communications tying the results of the dissertation to the
original motivation of the case studies. In closing, I describe opportunities for future work
including moving beyond characterization of information seeking to automated content
recognition and identification of misinformation to further inform future health communi-

cation.



CHAPTER 2

BACKGROUND AND LITERATURE REVIEW

This chapter reviews the academic literature in the field of infodemiology (information
epidemiology; also referred to as digital epidemiology) that uses passively-collected, user-
generated data (like the data used in this dissertation). In doing so, I motivate the main
contribution of this dissertation: that monitoring of reproductive and sexual health has been
understudied in the larger infodemiology literature. To support this literature review, I first
provide a brief introduction to online information and existing models of health information

seeking.

The intention of this chapter is to provide a brief overview of online health information
seeking, models of health information seeking, and applications of infodemiology rather
than a comprehensive overview. When available, I point to more comprehensive reviews
of the literature. Brief overviews of the literature specifically related to reproductive and

sexual health are provided in the motivation sections of Chapters 3 and 4, respectively.

2.1 Online Health Information Seeking

The Internet has “created an avalanche of easily accessible information” [7]. Seventy-

four percent of U.S. adults use the Internet and up to 80% of users use the it as a source for



health information [8]. Furthermore, with the ubiquity of smartphones, consumers can now
access health information anytime, anywhere with limited effort that previously could only
be obtained by consulting a healthcare professional [9, 10]. In 2012 alone, approximately

52% of smartphone owners report using their phone to search for health information [11].

There are a number of reasons why one may turn to the Internet for health information.
First, information is available immediately or near real-time. Users may gather information
or receive support allowing them to evaluate their need to see a healthcare provider, provide
reassurance during the intermediate time while waiting on an interaction with a provider, or
simply allowing users to use the information in lieu of seeing a provider. Second, with the
advent and rise of Web 2.0 in the past decade, the Internet is no longer limited to passive
browsing. There is a plethora of new sources on the Internet (e.g., online communities,
social networking sites, and social Q&A) allowing people to engage with each other shar-
ing personal experiences, sharing knowledge, increasing awareness, expressing emotions,
and exchanging advice [10, 12, 13, 14, 15]. Third, individuals may find comfort in the
anonymity of the Internet and online communities making them ideal sources of informa-
tion for stigmatized or sensitive topics such as sexual and reproductive health [16, 17, 13].
Finally, the Internet may be an attractive source of information for those facing barriers to
access (such as individuals lacking health insurance in the U.S.). The decision to use an
online resource for health information is often not rational, but instead guided the cognitive
effort to understand the resource and perception of social risk [13]. As such, individuals
have formed online communities and often rely on the health information presented there

to guide decision-making for seeking additional health care [18].



Online health information has far-reaching effects on public health by influencing health-
care decisions and outcomes [15, 19]. There is increasing evidence of people using online
resources for health information and social support. The effects of information presented
in public online communities likely extends much further than just its active participants
because a significant portion of searches for health information consist of passive monitor-
ing behaviors (casually browsing websites or social media) [13]. It is imperative that we
(researchers and health communication experts) understand how people use the Internet
to seek health information and, subsequently, how accessed information impacts decision

making.

2.2 Models of Health Information Seeking

Although information seeking spans many fields, a coherent approach to information seek-
ing in general has yet to be developed [20]. Most models of health behavior include infor-
mation seeking as a static variable and do not explicitly consider the dynamic information
seeking process in-depth. Similarly, most models of communication do not capture the
power of health-related concerns to motivate information seeking, hence the need for mod-
els that explicitly attempt to capture the health information seeking process [20]. More
comprehensive overviews of human information interaction [21], health behavior [22, 23],
and health information seeking [20] are provided in the aforementioned citations. This
section reviews several commonly used, existing models for health information seeking in-
cluding the Health Information Acquisition Model (HIAM), Expanded Conceptual Model

of Information Seeking (ECMISB), Model of Risk Information Seeking and Processing



(RISP), and Comprehensive Model of Information Seeking (CMIS). For each of these mod-
els, I provide an overview of its origination, application, usage, description, and limitations.

Prior to discussion of these models, below I discuss health information seeking in general.

This dissertation focuses on active information seeking (often shortened to just health
information seeking) or those with an expressed intent to seek health information. That
said, information seeking behavior also includes passive receipt of information and avoid-

ance (although not explored in this dissertation).

Health information seeking behavior has been commonly studied under three contexts:
(1) coping with a health-related problem, (2) its relationship to medical decision making,
and (3) behavior change and preventative behavior [24]. Health information seeking is
often perceived as a problem-focused coping strategy with some arguing that it may also
serve as an emotion-focused coping strategy. Those that argue in favor of it being viewed as
an emotion-focused coping strategy frequently cite that participating in health information
seeking changes the relationship between an individual and a stressor, potentially reducing
negative emotions associated with uncertainty [24]. According to Kuhlthau’s “uncertainty
principle”, uncertainty is a cognitive state that increases anxiety and reduces confidence
[25]. In light of Web 2.0 that allows users to interact with each other online, I would ar-
gue that health information seeking may serve as both a problem-focused coping strategy
and emotion-focused coping strategy (or either). Ultimately, acquiring new health infor-
mation may result in changes to health behavior by modifying an individual’s beliefs and
attitudes, informing individuals about risk, and providing resources to support behavioral

changes [24]. Health information seeking has also been conceptualized as a process to



obtain adequate information needed to make a medical decision.

Most studies focused on health information seeking behavior, an ill-defined concept it-
self [24], have not incorporated existing models. Additionally, the basis of existing health
information seeking models is on individual research participants; however, infodemiol-
ogy studies are observational by nature not involving individual research participants [26]

making operationalization of some components of the existing models difficult.

Health Information Acquisition Model

The HIAM was developed to model cancer information seeking based on descriptive analy-
sis of responses from callers who sought information from the Cancer Information Service
hotline [27]. The HIAM has been used for question development and qualitative analysis
of focus group interviews that explored how new Hispanic mothers use health information
sources to inform decision-making during the first 1000 days of their child’s life [28] and a

survey that explored how public library users in Botswana seek health information [29].

As shown in Figure 2.1, the HIAM is a sequential flow model which outlines the actions
in the information seeking process. Feedback loops allow for cycling through sequential
steps during the information seeking process based on the information found thus far in the

search process.

The model is initialized by an internal or external stimulus, which prompts the user
to evaluate if their current knowledge is sufficient. If the user decides that their current

knowledge is sufficient, a search process is not initiated. Otherwise, a search process is

10
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\
Evaluaute Existing
current info info

Y

Is info . s search worth Search
-Yes—| .
satisfactory? Setinfo goals behaviors
\/
Y Evaluate

/

Satisfactory?

Figure 2.1: Health Information Acquisition Model (HIAM)

initiated by the user. The first step in the process is to evaluate the objective of the search
and if the search effort is worth the benefit of retrieving additional information. If the
user decides that the cost of the search outweighs the potential benefits, the search process
does not continue. However, if the user decides that the benefits of a search outweigh the
cost, then the user engages in a search behavior and evaluates the information obtained. If
the information gained is sufficient, the search ends; otherwise the search cycles through
the steps again until either additional searches are not worth it or sufficient information is

obtained.

Although the HIAM was explicitly developed to provide guidance to planners inter-
ested in disseminating information to the public there are a number of limitations. First, it
assumes that only professional resources are consulted during the information search and

does not capture the complexity of the information field or varying attributes of different

11



carriers. Second, it assumes that all searches are active searches and does not account for
the passive receipt of information. Third, information seeking is complex with a number
of feedback loops that do not always follow a sequential pattern. As Johnson (2012) [20]
states, “these models offer rational approaches to irrational phenomena.” Finally, the model

does not account for contextual or personal factors that may underlay the search behavior.

Expanded Conceptual Model of Information Seeking Behaviors

The ECMISB was developed to model information seeking for breast cancer, derived from
patients’ experiences, and empirically tested with survey data related to breast cancer and
diabetes [30, 31, 32]. As shown in Figure 2.2, the ECMISB outlines that major compo-
nents, inspired by the Health Belief Model (HBM), that are considered during an individ-
ual’s search process without specifying the relationships between the components. The
major components include contextual (e.g., health status) and personal (e.g., demograph-

ics) attributes that influence information seeking behavior and outcomes.

The ECMISB acknowledges the difference between individuals who are actively seek-
ing information versus those who passively come across information through their daily
activities. Both categories of information seeking have varying levels of access to and re-
ceipt of information as well as the influence of the newly found information on decision
making. Ultimately, this results in a patient outcome, which are influenced by the HBM.
Finally, The ECMISB is considered one of the few viable models of health information

seeking behavior by the National Cancer Institute [31].

12



Variables affecting patient/consumer information seeking
Contextual Personal
* Health status * Demographic
* Health care system * Health history
* Information environment * Genetics
Active Information Seeking Passive Receipt of Information
1. Not aware 1. Does not receive
2. Aware but doesn't attempt to access < »| 2. Receives information
3. Aware and attempts to access 3. Receives but does not use
4. Accesses but unable to use . o |4. Receives and uses
5. Acceses and is able to use - " |5. Receives but does not use it to make
6. Accesses but does not use it to make health care decisions
health care decisions 6. Receives and uses to make health care
7. Accesses and uses it to make health care decisions
decisions

\/

Patient/Consumer Outcomes
* Empowerment
 Satisfaction
 Activities for daily living
* Healthy outcomes

Figure 2.2: Expanded Conceptual Model of Information Seeking Behaviors (ECMISB)

Model of Risk Information Seeking and Processing

The RISP model is primarily based on the Heuristic Systematic Model of Information
Processing (HSM) [33] and the Theory of Planned Behavior [34]. It has been empirically
tested with survey data related to environmental and health risks [35, 36, 37, 38, 39, 40].
Several studies related to health information seeking have been guided by the RISP. For
example, examining survey data for influenza vaccine information seeking of health care
workers [41], survey data for HIN1 flu vaccination information seeking of college students

[42], and survey data for food-related risk information seeking of consumer [43].

As shown in Figure 2.3, the RISP model specifies that information insufficiency, rele-

vant channel beliefs, and perceived information gathering capacity influence an individuals’

13



motivation to seek and ability to process information related to risks [35].

Relevant

> Channel
Beliefs

Perceived
> Hazard
Characteristics
Individual v
Characterstics — v Information
Affective > _ | Seeking/Processing
E.g. relevance, Response 'l Behavior
demographics Information A
Suffiency
Informational
»| Subjective >
Norms Perceived
Information

=l Gathering Capacity

Figure 2.3: Model of Risk Information Seeking and Processing (RISP)

Information insufficiency is the difference between the amount of knowledge an indi-
vidual currently has and their perception of how much knowledge is needed to handle a
given risk. In other words, each individual defines how much information they believe is
necessary to handle with a given risk. Individuals are more motivated to fill a perceived
gap in knowledge if they sense a greater information insufficiency [44]. The concept of

information insufficiency is rooted in the HSM.

The perception of an individual’s information insufficiency is influenced by individ-
ual characteristics, perceived hazard characteristics, affective responses, and informational
subjective norms. Individual characteristics include attributes such as demographics. Per-
ceived hazard characteristics refer to the perceptions of a given risk and have been examined
under three contexts in the literature (risk perception, institutional trust, and self-efficacy)
[37]. Affective responses include emotions such as worry or anxiety that influence an indi-
vidual’s perception of information insufficiency. Informational subjective norms refers to

14



the individual’s perception of knowledge held by others in their social network. In other

words, an individual may perceive a societal pressure to increase their knowledge.

Relevant channel beliefs refers to the beliefs an individual has about a particular infor-
mation carrier. For example, if the source of information is trustworthy or useful. Perceived
information gathering capacity refers to an individual’s perception of their self-efficacy to

gather information.

Comprehensive Model of Information Seeking

The CMIS was developed as a model for cancer information seeking. It is based on the
HBM, uses and gratification research, and Media Exposure Appraisal model [45]. As
shown in Figure 2.4, the CMIS is a causal process model with three major classes of vari-
ables in the information seeking process: antecedents, information carrier factors, and in-
formation seeking actions. Similar to the ECMISB, the CMIS is also considered one of the
few viable models of health information seeking behavior by the National Cancer Institute

[31] and is also classified as an uncertainty management theory [46].

The antecedents (demographics, experience, salience, and beliefs) in the CMIS are
based on antecedents identified by health behavior models (HBM and Transtheoretical
Model) [47] and refer to background factors that predispose an individual to seek infor-
mation from particular information carriers. Both demographics (age, gender, ethnicity,
education, and socioeconomic status) and personal experience influence an individual’s

choice of their preferred information carrier. Experience refers to an individual’s proximity

15
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Figure 2.4: Comprehensive Model of Information Seeking (CMIS)

to disease and can often be a cue to action that triggers information seeking. There are
four stages of proximity to disease along a continuum of health statuses. First, the causal
stage is a general lack of concern about a disease. Any information gathered in this stage
is passive (not an intentional search). Second, the purposive-placid stage is characterized
by a lack of urgency, but general interest in health consciousness. This stage is focused on
preventing disease or promoting health. Third, the purposive-clustered stage is character-
ized by confrontation with a particular disease and an individual is focused on information
that will directly address a particular disease. Finally, the fourth stage is the directed stage
which follows a confirmatory diagnosis and an individual focuses on finding information

about coping with their diagnosis.

The two personal relevance factors, salience and beliefs, are the primary determinants
influencing an individual’s perceived knowledge gap (information insufficiency) that moti-

vates information seeking [20]. Salience refers to an individual’s belief about the relevance
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of the health information to them [47]. An example of salience is the perception of risk to
an individual’s health. Individuals are motivated to seek information when the health infor-
mation becomes salient (or relevant) to them. Beliefs refer to an individual’s beliefs about
the severity of the disease, their level of control over a situation, and their self-efficacy as

well as cultural and religious beliefs that shape health behavior [48].

Information carrier factors, based on a model of Media Exposure and Appraisal [49],
focus on the characteristics and usefulness of the sources selected by individuals. When
selecting a source of information (information carrier), individuals often favor ease of ac-
cessibility over the authoritativeness of the source [13, 47, 50]. Sources that mimic face-
to-face interaction may be preferable as individuals strongly prefer to receive information

from other people [50].

Information seeking actions refer to actively, purposefully searching for information.
The process an individual takes in their information search is likely to be influenced by

antecedents and information carrier factors described above.

The model has been empirically tested primarily with cancer information seeking.
Some examples studies guided by the CMIS include examining computer-assisted tele-
phone interviewing data for information seeking in magazines for mammography screen-
ing [50], survey data for information seeking by cancer survivors [51], survey data for
cancer information scanning [52], survey data for cancer information seeking for Korean
Americans [53], and focus group and telephone interviews for physical activity information

seeking for individuals diagnosed with multiple sclerosis [54].
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A limitation of the CMIS is there no feedback loops, which overlooks the dynamic
process of information seeking [47, 24]. Additionally, stages and actions in the process
are not identified and there is no explicit treatment of outcomes [47]. Although context is
important, it has not been explicitly defined in the CMIS, and there is a dearth of literature

considering both context and information seeking together [47, 20].

The CMIS can relate to traditional health behavior models in four ways [20]. First,
the CMIS can interact with health behavior models. That is, variables that determine health
behaviors also determine information seeking. Second, the CMIS can be parallel to a health
behavior model. That is, an individual may be gathering information, but not acting or may
passively acquire information that will be a basis for information seeking later. Third, the
CMIS can act as an input into a health behavior model. For example, finding information
may be a cue to action. Fourth, the CMIS may be an outcome of a health behavior model.
For example, an individual may determine no further action is required following a search

concluding an end process for a health behavior model.

2.3 Monitoring User-Generated Data from Online Health Information Seeking

Public health organizations systematically collect data using environmental monitoring,
surveys, notifications, and registries to monitor public health issues [55]. However, this
traditional surveillance is limited and often time- and resource-intensive. Examination
of online user-generated content, which is cost-effective and in near real-time, may hold

promise as a supplement to traditional sources of data.
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Online user-generated content can be collected both actively (individuals consent to
extract their online data) and passively (usage of publicly available online data) data col-
lection. Both types of data can be analyzed using both qualitative and automated compu-
tational techniques. This dissertation focuses on passively collected data related to repro-
ductive and sexual health and application of automated computational methods to examine
online information seeking. Similarly, the following review focuses on computational ap-
proaches applied to passively collected online user-generated content for infectious disease,
chronic disease, behavioral health, and mental health. More comprehensive reviews of in-
fodemiology are presented by Paul and Dredze (2017) [56] and Zeraatkar and Ahmadi
(2018) [26]. This review draws upon the aforementioned overviews as well as recently

published studies not included in those references.

The majority of studies that examine passively collected, online user-generated con-
tent are descriptive in nature followed by surveillance and prediction of human behav-
ior. The most widely used data sources are search engine queries (Google Trends, Bing,
or Yahoo) and microblogs (Twitter) [26, 57]. Beyond search engine queries and tweets,
other sources of online user-generated content include blogs (Wordpress, Tumblr), other
microblogs (Weibo), social network platforms (Facebook, LinkedIn), media sharing plat-
forms (YouTube, Instagram), general purpose sharing platforms (Reddit), online review
websites (Yelp), patient community websites (PatientsLikeMe), and crowd-sourcing ser-
vices (Amazons Mechanical Turk). These platforms host a wide variety of content (text,
images, video), metadata (time, location), and social network information (relationships

between users).
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Methodologies for online user-generated content range from content analysis to iden-
tify prominent themes of discussion (using supervised learning), trend inference to identify
interest or activity across time and locations (using regression or autoregression methods),
individual analysis to predict or learn predictive attributes about human behavior (using
supervised learning), and techniques to validate quantitative findings (using comparison
to external data, out-of-sample validation techniques, or qualitative analysis using smaller
samples of data to provide a richer understanding). The majority of studies are not com-
pared to a validated output; however, approximately one-third of studies using Google
Trends do compare their results to a validated output from another source [26]. Finally,

most of these studies are conducted in the U.S.

2.3.1 Infectious and Chronic Diseases

The most well-known and widely published studies using online user-generated content
to supplement traditional surveillance focus on influenza-like illness (ILI) [56, 26]. These
studies have employed a variety of data sources to monitor ILI including search engine
queries [58], Twitter [59], Wikipedia page views [60], and restaurant reservation cancella-

tions on OpenTable [61].

Beyond ILI, there have been a number of studies focused on digital surveillance of a
assortment of infectious diseases including dengue fever using search engine queries and
Twitter [62, 63]; Lyme disease using search engine queries [64]; norovirus using search en-

gine queries [65]; Escherichia coli using Twitter [66]; malaria using search engine queries
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[67]; bubonic plague in Madagascar using Twitter [68]; infectious intestinal disease using
Twitter [69]; fear in response to the first imported case of Ebola in the U. S. using search
engine queries and Twitter [70]; public awareness and response during the Zika virus using

Twitter [71]; and conjunctivitis using search engine queries and Twitter [72].

There have been relatively few studies using passively collected data related to STIs.
Young et al. (2014) found a significant positive relationship between geolocated HIV-
related tweets and county-level HIV prevalence [73]. Using the annotated dataset, Young
et al. (2017) built a classifier that distinguished HIV-related tweets (tweets containing con-
tent related to sexual risk or HIV-related substance abuse) from non-HIV-related tweets
exemplifying that machine learning can identify HIV-related tweets comparable to a do-
main expert’s ability to identify HIV-related tweets [74]. Using the same dataset, Young
et al. (2018) found geolocated tweets containing sexual risk-related content was predictive
of an annual increase in syphilis incidence [75]. Ireland et al. (2015) examined if words
indicating future orientation and risky or safe leisure activities in geolocated tweets were
correlated with county-level HIV prevalence [76]. The researchers found that risky counties
(i.e., with high population density and access to risky activities) with relatively low rates
of HIV were associated with tweets containing future-oriented language. The researchers
hypothesize that future-oriented thinking may buffer HIV risk in vulnerable communities
because people who are more future-oriented tend to engage in less risky sexual behavior.
Oh and Park (2013) used a dictionary-based approach in SPSS Modeler Text Analytics to
identify the prominent themes in health questions related to sexually transmitted diseases

(STDs) on Yahoo! Answers finding the top five prominent themes to be STDs, herpes,
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sex, help, and HIV [77]. Zheluk et al. (2013) found a strong correlation between HIV
and AIDS search engine queries and HIV prevalence in Russia. Similarly, Domnich et
al. (2014) found that a high positive correlation between HIV and syphilis incidence rates
and search engine queries in Russia [78]. Finally, Breen et al. (2016) examined tweets
to identify trending discussions about Pre-Exposure Prophylaxis (PrEP) for prevention of

HIV [79].

Compared to infectious diseases, there are fewer studies examining chronic diseases.
Studies of chronic diseases have focused on prediction of pancreatic cancer diagnosis using
search engine queries [4], content-analysis of pain-related tweets [80], prediction of asthma
prevalence using tweets [81], content analysis of diabetes-related tweets [82], content anal-
ysis of migraine-related tweets [83], information seeking for movement disorders using
search engine queries [84], information seeking for epilepsy using Wikipedia visits [85],
information seeking for multiple sclerosis using search engine queries [86], and forecasting
incidence of dementia-related outpatient visits using search engine queries [87]. Table 2.1

presents an overview of the platforms and applications for infectious and chronic disease.

2.3.2 Behavioral and Mental Health

Behavioral health focuses on how people’s thoughts and behaviors influence their well-
being. Again, traditional sources of data, such as physician visits and national surveys [56],
are often time- and resource-intensive. Additionally, they rely on self-reported behaviors

which are prone to bias. Computational approaches using passively collected online user-
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generated content have been applied to a number of behavioral health issues including diet,
physical activity, substance abuse, vaccination, public awareness, and reproductive health.

Below is an overview of some of the studies in these areas.

Dietary habits have been examined by analyzing the content of tweets and Instagram
posts that mentioned food consumption [88, 89]. Studies have focused on analyzing the
content of tweets that contain mentions of physical activity to inform future health mar-
keting interventions [90]. Other studies have examined the content of online weight loss
and pro-eating disorders communities hosted on a variety of platforms (discussion forums,

blogs, and Reddit) [91, 92, 93].

A number of studies have focused on examining substance abuse using passively-
collected, user-generated data. Studies have examined tobacco use (e.g., interest in e-
cigarettes using search engine queries [94]), alcohol use (e.g., alcohol abuse using Twit-
ter [95]), marijuana use (e.g., online sales using search engine queries [96]), use of syn-
thetic cannaboids (e.g., tracking interest using search engine queries [97]), responses to
policy changes (e.g., examine behavioral responses to Russian policy changes for codeine-
containing medication using search engine queries [98]), use of over-the-counter, prescrip-
tion, and illicit drugs (e.g., examining attitudes towards illicit and prescription drugs using
Twitter [99], and the connection between prescription drug abuse and online illicit pharma-

cies using Twitter [100]).

Several studies have examined vaccinations including reasons for vaccination refusal

using tweets [101], opinions about the HPV vaccination using tweets [102], interest in vac-
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cinations using search engine queries [103], and interest in measles, mumps, and rubella
vaccines using search engine queries [2]. A number of studies have used computational
approaches on passively collected online user-generated content to examine public aware-
ness on a variety of issues due to celebrity disclosure including HIV using search engine
queries [104], suicide following celebrity suicide using Reddit [105], and cancer informa-

tion seeking using search engine queries [106].

A descriptive study examined user characteristics and content analysis of general sexual
health queries for males and females using the ChaCha question and answer platform [107].
Finally, one study used tweets to investigate gender and ideological differences differences

between constituents in states that adopt anti- versus pro-abortion policy [108].

Public health organizations also systematically collect data from a number of surveys
to monitor population mental health, however these surveys do not focus specifically on
mental health [109]. To supplement traditional sources of data, there have been a number

of studies focused on mental health using online user-generated content.

Studies examining depression have used a variety of social media platforms including
Twitter, Reddit, Facebook, and search engine logs. For example, researchers have lever-
aged behavioral clues in tweets postings to predict the risk of depression before onset [110].
Reddit has been used to examine the role of self-disclosure and social support for several
mental health issues including depression [3]. Facebook has been used to examine disclo-
sures of depression by college students [111]. Search engine queries have been examined

to determine seasonality of depression [112, 113]. There have been a number of studies in
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suicide research. De Choudhury et al. (2016) [114] compared individuals who transitioned
from posting on online mental health subreddits to a suicide watch subreddit to individuals
who only posted on mental health subreddits using features of language providing insight
into language markers indicating suicidal ideation. Braithwaite et al. (2016) [115] com-
pared tweets of suicidal to non-suicidal participants, labeled according to a screening tool
for suicidal symptoms, using a model with language features as variables which provided
evidence that short messages can provide sufficient information to differentiate suicidal

from non-suicidal individuals.

Other mental health issues have also been examined including classifying deviant eating
disorder behavior using Instagram posts [116], mental health impacts during the Great
Recession using search engine queries [117], postpartum changes following in emotion
and behavior using tweets and Facebook [118, 119], and stress following gun violence
near college campuses using Reddit [120]. Table 2.2 presents an overview of the platforms

and applications for behavioral and mental health.
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CHAPTER 3

ONLINE INFORMATION SEEKING FOR REPRODUCTIVE HEALTH

3.1 Motivation

More than half (51%) of pregnancies in the U.S. are unintended [121] resulting in an esti-
mated $21 billion in total public expenditures annually [122]. Beyond the financial burden
on the health care system, an unintended pregnancy places a long-term financial burden
on the mother and family [123]. Increased access to contraception following legalization
of oral contraceptives (birth control pills) has been associated with lower rates of poverty,
higher rates of work-force participation, and higher wages for women [124, 125, 126, 127].
All said, prevention of unintended pregnancies is not only beneficial to the mother and fam-
ily directly involved, but also to maintain public expenditures on health care costs and vital

to a healthy economy.

In comparison to unintended pregnancies, contraceptives are less costly and generally
seen as a cost-saving measure by insurers [124]. Contraception is one of the most pervasive
medical interventions [124] with almost all sexually-active women (99%) in the U.S. hav-
ing used at least one contraceptive method during their lifetime [128]. To further put this
into perspective, 39 million women in the U.S. use contraception of which 30 million use

a method more effective than condoms (78% of contraception users) and 4 million use an
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IUD (10% of contraception users), a form of long-acting reversible contraceptive (LARC).
Oral contraceptives and IUDs are the most popular forms of contraception in the U.S. Less
than 1.5% of contraception users use another form of long-acting reversible contraceptive

[129, 130, 131, 132].

The IUD is cost-effective, has high patient satisfaction, and is one of the most effective
contraceptive methods available with a failure rate less than 0.8% with typical use (com-
pared to 9% for oral contraceptives) [133]. Despite the appeal of IUDs, the utilization rate
remains low because barriers to utilization including clinician knowledge, lack of same day
insertion, low patient awareness, and high upfront costs [134, 135, 136]. The prohibitively
high upfront cost, which can exceed $1,000, has been a major determent for higher IUD uti-
lization rates [124, 137, 138, 129, 134]. Costs associated with an IUD include consultation,
insertion, removal, and checking placement [129]. Although IUDs have a high upfront cost,
they last multiple years whereas oral contraceptives cost between $160 to $600 annually,
often making IUDs a more cost-effective option long-term [139]. As a matter of fact, in the
Contraceptive CHOICE Project, one of the largest prospective cohort studies examining
women seeking reversible contraception, when the barriers of cost, access, and knowledge
were addressed, women selected long acting reversible contraceptives (including the IUD)

at a 75% uptake rate [140].

With the exception of religious exemptions and grandfathered plans, the ACA con-
traceptive mandate, which went into place in August 2012, required all private insurance
plans (from both employers and the Marketplace) to offer coverage of prescription con-

traceptives with no cost sharing by January 2013 [124, 141]. In May 2015, the Depart-
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ments of Labor, Health and Human Services and the Treasury issued guidelines stating
that health insurance must offer at least one of the eighteen FDA-approved contraceptive
methods [142]. The mandate eliminated the cost barrier for most contraceptives, especially
for those with high upfront costs like the IUD. Many women saw a substantial decrease
in out-of-pocket spending for most contraceptive methods following the implementation
of the mandate [124]. These decreases are likely to be more noticeable for women with
private health insurance [124]. Before the mandate, contraceptive expenses represented a
significant amount, 30%-44%, of a woman’s out-of-pocket expenses for health care [124]

resulting in an estimated $1.4 billion of annual savings for oral contraceptives alone [124].

The ACA “has experienced among the most controversial and conflictual implementa-
tions of any social welfare policy law in American history [143].” The bill faced an uphill
battle starting during the legislative process. Congress approved the ACA without the sup-
port of any Republican votes; only Democrats voted in support of passage of the bill and
it was unanimously opposed by all Republicans [144]. Since it’s passage, the implemen-
tation of the ACA has remained highly politicized. There have been significant financial
investments to convince the public of the demerits of the ACA, which has mounted public
opposition against the bill [145, 143, 144]. Additionally, one of the primary campaign mes-
sages of Republicans has been opposition against the ACA. By the 2016 U.S. presidential
election, the House, controlled by a Republican majority since early 2011, had voted to
repeal ACA more than 50 times [146]. With divisive public opinion about the merits of
the ACA, especially the contentious contraceptive mandate, the 2016 U.S. presidential and

congressional election was viewed as a “mortal challenge [145]” to the ACA with Repub-
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lican leaders vowing extensive repeal of the ACA.

Continued access to contraceptives has been thrown into question [147, 148] with the
heightened focus on a repeal of ACA following the 2016 election of a Republican president

and Republican majorities in the House and Senate.

3.2 Research Questions and Hypotheses

The aim of this case study is to examine how the public is responding to a potential repeal of
the contraceptive mandate by examining online information seeking for IUDs during a one-

year period post-election. More specifically, I examine the following research questions:

e Research Question 1: Is there a relationship between online information seeking for

IUDs and heightened focus on the repeal of the ACA?

— Hypothesis 1.1: Observed queries (information seeking) for IUDs are greater

than the forecasted counterfactual scenario following the 2016 U.S. election.

— Hypothesis 1.2: Observed queries (information seeking) for [IUDs during time
periods corresponding with increased uncertainty of the repeal of the Afford-
able Care Act (election of Republican-controlled administration, inauguration
of Republican-controlled administration, and successful House vote to repeal

ACA) are greater than the forecasted counterfactual scenario.

e Research Question 2: Is there a relationship between online information seeking

and state-level electoral votes for the 2016 presidential election?
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— For the second research question, a one-sided a priori hypothesis is not included
because on one hand, we expect that queries will not be elevated in comparison
to the counterfactual scenario in states that voted Republican because the repeal
of the ACA is primarily a Republican campaign message. However, on the other
hand, we expect that queries will be elevated across all states (regardless of the
2016 electoral vote) because access to birth control impacts women across the

political spectrum.

3.3 Background

3.3.1 Internet as a Source of Information for Reproductive Health

The Internet is a significant resource of information about contraception, pregnancy, and
childbirth during a woman’s reproductive years [149]. In a self-administered survey of
3,181 young reproductive-aged women, 48% of women (59% of the Internet users in the
survey) indicated that they use the Internet to look for information about contraception (oral
contraceptives, contraceptive injection, IUDs) [150]. Conception-related searches were the
second most common type of reproductive health-related search after pregnancy. Similarly,
in a study focused on sexual health information seeking of college students, more than half
of the students indicated they had searched the Internet for information about preventing

pregnancy (53%) and contraceptives (50%) [151].
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3.4 Data

Because little or no traditional data is contemporaneously available at the time of the study,
we turned to Internet searches to understand public engagement with contraceptive options
[152]. The fraction of Google searches (google.com/trends) emerging from the United
States from January 2004 through October 2017 for the three most popular reversible con-
traceptive methods was monitored. This included oral contraceptives (including all queries
with “birth” and “control” and “pill(s),” or “oral” and “contraceptive(s)/tion,” e.g., “birth
control pill,” “get oral contraceptives,” or “best birth control pills”), intrauterine devices
(“IUD” or IUD brands “ParaGard”, “Mirena”, “Skyla”, “Liletta”, and “Kyleena”) and con-

doms (“condom(s)”).

3.5 Methods

3.5.1 RQI: Information Seeking during Heightened Focus on Health Policy

Monthly search volumes for oral contraceptives, IUDs, and condoms after the presiden-
tial election (November 2016 to October 2017) were compared against expected search
volumes generated from AutoRegressive Integrated Moving Average (ARIMA) forecasts
[153] using all prior searches to project a synthetic counterfactual [152]) with prediction
intervals. The residuals were checked to ensure no evidence of autocorrelation using the
Ljung-Box statistic (all p-values were greater than 0.05 indicating no remaining significant

autocorrelation) and visual inspection of the autocorrelation function (ACF) and partial au-
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tocorrelation function (PACF). Bootstrap confidence-intervals of the cumulative difference
between observed and expected search volumes were calculated. Raw search counts were

inferred from comScore estimates (comscore.com).

3.5.2 RQ2: Information Seeking across Political Ideology

The analysis outlined in the section above was repeated for the IUD searches using state-
level query data. A Welch t-test was used to determine if there were statistically significant
differences in cumulative searches for IUDs between states that voted for the Republican

candidate (Trump) versus the Democratic candidate (Clinton).

3.6 Results

3.6.1 RQI: Information Seeking during Heightened Focus on Health Policy

As shown in Figure 3.1, IUD searches have reached all-time highs since the presidential
election. Searches were cumulatively 15% (95%CI: [10,20]) higher than expected follow-
ing the election (from November 2016 through October 2017), reflecting 10-21 million
more searches than expected. Conversely, searches for oral contraceptives confirmed with
expected volumes (0%; 95%CI: [-2,1]). Although not covered by the ACA, searches for
condoms, were lower than expected on average (-4%; 95%CI: [-5, -2]). Observed search
volumes for both oral contraceptives and condoms were within the 95% prediction inter-

vals (in other words, expected search volumes based on searches pre-election). In contrast,
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searches for IUDs eclipsed the forecasted 95% prediction-interval for six of the twelve
months (November 2016, January 2017, February 2017, May 2017, June 2017, and July
2017) and reached a record high in May 2017, with 8.3 million total searches that month,
when an ACA repeal advanced in the House. These dates correspond with the time periods
of elevated uncertainty of the fate of the ACA including the election, inauguration, and

successful House vote to repeal the ACA.

3.6.2 RQ2: Information Seeking across Political Ideology

As shown in Figure 3.2, cumulative differences IUD searches were statistically significantly
higher than expected in all states, except NV (2%; 95%CI: [-4, 10]), ranging from 9%
greater in in FL, IN, TN, and WA to 24% in MO. These increases were consistent across
states that voted Democratic (Clinton) or Republican (Trump) (Welch t-test= 0.60, p =
0.548). Table 3.1 presents the model, mean, and 95% ClIs for each state. Appendix A

shows the temporal changes for each state.

3.7 Discussion

Americans are considering IUDs in record numbers, while interest in other forms of birth
control have remained stable (oral contraceptives) or declined (condoms). It is unclear if
queries corresponded with utilization as claims data are not available. However, as the vice
president of research at athenahealth stated “It certainly looks like some women are con-

cerned that full coverage for contraceptive services will be more expensive for them, and so
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Figure 3.1: Relative search volume (RSV) and percent change in RSV for Google queries
for one-year following the 2016 U.S. election. Row 1 = Queries for intrauterine devices
(IUDs). Row 2 = Queries for birth control pills. Row 3 = Queries for condom:s.

are getting IUDs without cost while they still can [139].” Indeed women view LARCs as
very effective, but not as affordable as oral contraceptives and are often inhibited by finan-
cial constraints in contraceptive decision making [137]. According to athenahealth, there
was a 19% increase in [UD management or insertion-related visits between October and

December 2016 [139] and 21% increase between October 2016 and January 2017 (three
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Figure 3.2: Within-state percent changes in relative search volume (RSV) for intrauterine
device (IUD) queries for one-year following the 2016 U.S. election.

months post-election) in comparison to the same time period a year prior [154], which is
consistent with our results. This analysis was based on electronic health records database
of 1 million patient visits across a network of 85,000 providers. The IUD-related visits
were primarily for commercially-insured patients, who are most at risk for losing the no
cost-sharing contraceptive coverage if the ACA or contraceptive mandate was overturned,
while rates remained constant for Medicaid patients [139]. Additionally, similar to our
analysis, athenahealth reported an increase in IUD-related visits in counties regardless of

voting Democratic or Republican in the 2016 presidential election [139].

According to athenahealth, as of May 2017, demand for IUDs has reduced to nearly

pre-election levels and researchers speculated this indicated a decrease in anxiety related
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to losing the no cost-sharing contraceptive coverage or that concerned women had already
went through with an IUD insertion [155]. However, researchers warned that demand is
dynamic and could increase again based on further uncertainty around healthcare policy
shifts [155]. According to the chair of the American College of Obstetricians and Gynecol-
ogists working group on long-acting reversible contraception, ”This is about people’s fears
about the contraceptive mandate going away [154],” who also indicated that patients were

increasingly seeking information about LARC:s.

Searches predict other behaviors, such as medical testing [104], and at minimum show
the change in administration has coincided with elevated engagement with IUDs. The
etiology of this shift is less clear, but in part may be because IUDs with a lifespan of three
to ten years will confer continued protection even after an ACA repeal thereby providing a

medical hedge against any potential ACA repeal.

3.7.1 Health Information Seeking Models

This case study used an atheoretical approach to examine online information seeking for
IUDs in response to heightened uncertainty surrounding a repeal of the ACA. We compare
our results to the health information seeking models presented in Chapter 2, which were
primarily built to analyze individual-level survey or interview data with structured ques-
tions. More specifically, below we discuss (1) the limitations of the RISP (see Figure 2.3),
HIAM (see Figure 2.1), ECMISB (see Figure 2.2) for the passively collected search en-

gine query data, (2) how the CMIS (see Figure 2.4) could potentially be operationalized for
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future studies with search engine queries or similar data, and (3) the suitability of current

health information seeking models for aggregate search engine queries.

Key components (individual characteristics, individual beliefs, and perceived informa-
tion gathering capacity) related to an individual’s health information search according to
the RISP would be difficult to operationalize using passively collected data from search en-
gine queries. Similarly, the HTAM focuses on a sequential search process, which is difficult
to elicit from the passively-collected, aggregate search engine query data. Operationalizing
the HIAM model would be more suitable for other types of passively collected social data
such as individual-level, temporal search engine query data. Finally, the ECMISB inte-
grates contextual and personal demographics into the model, which are difficult to elicit
from passively collected search engine query data. Search engine queries are aggregated,
therefore we cannot infer the contextual variables that affected the individual information
search. Operationlizing the ECMISB may be better suited for survey or interview data,

where questions could elicit the contextual and personal demographics.

According to the CMIS, information seeking actions are active, purposeful searching
for information. Unfortunately, we can not determine the process that an individual in the
aggregated sample takes in their information search. However, we find evidence that infor-
mation seeking for IUDs is positively related to the degree of uncertainty about healthcare
policy reform. Uncertainty occurs “when details of the situation are ambiguous, complex,
unpredictable, or probabilistic; when information is unavailable or inconsistent; and when
people feel insecure in their own state of knowledge or the state of knowledge in general.

[156]” Contributing to uncertainty is the hostile political environment [145] intensifying
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the politicization of healthcare reform [144]. Most of the existing models of health in-
formation seeking focus on rational contexts (thinking, reflecting), however, research has
often found that health information seeking is irrational reflecting emotions and subjectiv-
ity [20]. Healthcare providers have confirmed that there is indeed “financial uncertainty for
women as healthcare policy shifts [139].” Periods of heightened focus on reform are likely
to create heightened uncertainty because of the unpredictability and complexity of the out-
comes of reform [157]. Consistent with other studies, we find evidence that higher rates
of information seeking are related to heightened uncertainty [158] supporting Kuhlthau’s
“uncertainty principle”, which posits that uncertainty increases anxiety and reduces confi-
dence [25]. Although we cannot know the context behind the individuals in the aggregate

search engine queries, we find evidence that with each event perceived as potential threat

to the ACA.

Online information seeking may be seen as a way to take control during these periods
of heightened uncertainty [149]. Self-efficacy, a important predictor of information seek-
ing [159], is the “belief in one’s capabilities to organize and execute the course of action
required to produce given attainment [160].” Health self-efficacy are “individuals’ beliefs
about their ability to manage their health [157, 161].” It’s likely that the individuals search-
ing feel a potential reform is salient to them. Finally, the antecedent of beliefs or their
level of control over a situation is evidenced by the information search combined with the

analysis conducted by athenahealth indicating increases in IUD-related visits.

As mentioned in the limitations, some antecedents, such as demographics, cannot be

inferred from the aggregate data sample. Additionally, experience is the proximity of the
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individuals to disease. In this scenario, searchers are not motivated by disease, but are
potentially motivated to prevent unintended pregnancy without incurring higher costs of

prevention.

Another input into information seeking actions, as identified by the CMIS, is the char-
acteristics of the information carrier. Unfortunately, there is not a way to identify this for
each individual. However, many individuals trust search engines, such as Google, and often

initiate their search using one [162].

Ultimately, new information acquired from the search may modify an individual’s be-
liefs, attitudes, and decisions to seek treatment, inform about risk, and provide resources to
support behavioral changes [24]. In this sense, the information seeking may act as an input

into the HBM.

Computational analysis can identify a high-level view of the relationship of information
seeking and events of perceived uncertainty. However, current health information seeking
models were primarily developed for analysis of survey or interview data. In comparison
to health information seeking field, infodemiology is a relatively new field. Health infor-
mation seeking models that account for passively collected data have yet to be developed,
but development of such models, specific to the today’s rapidly changing information en-

vironment, would be beneficial for standardization and comparison across platforms.
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3.7.2 Research and Practical Implications

The benefits of IUD usage extend beyond cost-savings. For example, greater uptake of
IUDs and implants has preceded fewer births and abortions [163, 164, 165]. The American
College of Obstetricians and Gynecologists suggests that any “repeal and replace” effort
should continue coverage of no cost-sharing for FDA-approved contraceptives [154]. Re-
search has indicated that women with interest in the IUD are significantly more likely to
have one if the incurred cost is less than $50 [134]. Those who may be most adversely
impacted are individuals who had high out-of-pocket expenses for contraceptives prior to
the ACA since this group had the highest demand for IUDs after implementation of the

ACA [166].

Given the benefits of IUD usage and increased information seeking, future work should
focus on the quality of information shared in online resources. Specifically, the availabil-
ity of factual information since people like to obtain their information social networks.
Negative narratives and misconceptions can discourage women from utilizing IUDs [167,
168, 169]. In one study, few websites offered current information about LARCs [170].
This is especially relevant for IUDs because of persistent misinformation stemming from
the Dalkon incident. The faulty Dalkon Shield IUD in the 1970s and 1980s resulted in
over 200,000 gynecological complications and 18 deaths which damaged the reputation of
IUDs and contributed to fear and decline in popularity in the U.S. [171]. Exploring wom-
ens’ concerns and beliefs about the IUD, as presented in social media, could help inform

effective health communication. Additionally, because of the partisan nature of healthcare

42



reform, the divisive opinions of political entities could shape the public’s perception and

understanding of the contraceptives and the contraceptive mandate [157].

Beyond reproductive health-specific implications, traditional surveillance data such as
health insurance claims or large, nationally-representative surveys are costly, resource-
intensive, and often significantly lag in time. For example, the next National Survey of
Family Growth [172], which inquires about contraceptive methods, covers a four year pe-
riod from 2015 to 2019 (unfortunately it does not inquire when women change contracep-
tive methods [129]). As another example, a license for two seats of one-year of full access
to health insurance claims data is $30,000 [173]. Monitoring search engine queries may
be used to inform health communicators of emerging information needs as well as gauge
real-time public. Public opinion can shape legislative activity and decisions made by health
insurance organizations [157]. Future efforts should focus on validation of the search en-
gine query data using claims or survey data as well as building monitoring similar to the
platform to identify mental health trends [174]. Knowing of emerging health concerns will
enable health communicators to provide information, so the public can make an informed

decision, instead of a decision out of fear [148].

3.7.3 Limitations

Google Trends aggregate search engine queries only track the segment of the population
that use this service [26], therefore we do not claim to model demand for all individuals in

the U.S. We see this analysis as a step towards understanding health information needs and
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shifts in public reactions towards healthcare policy in near real-time. Currently, external
validation is not available, however, as mentioned earlier, our results do correlate with an
analysis of visits records in an electronic health records database presented by athenahealth.
Another limitation of aggregate search engine queries is the lack of detailed information of
the individuals conducting the queries, so we can not ensure results are representative of

the U.S. population nor track individual-level characteristics.
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State | Model Mean | 95% CI | Election Result

AL ARIMA(0,1,1)(2,0,0)[12] with drift | 12 (4, 21] Trump

AZ ARIMA(0,1,1)(2,0,1)[12] with drift | 10 [5,17] | Trump

CA ARIMA(2,1,0)(2,0,0)[12] 15 [10, 21] | Clinton

CO ARIMA(1,1,1)(2,0,0)[12] with drift | 10 6, 15] Clinton

CT | ARIMA(0,1,1)(1,0,0)[12] with drift | 19 14, 24] | Clinton

DC ARIMA(O,1,1) with drift 11 4, 19] Clinton

FL ARIMA(2,1,1)(1,0,0)[12] with drift | 9 2,16] Trump

GA | ARIMA(0,1,1)(1,0,0)[12] 16 10, 24] | Trump

IA ARIMA(1,1,1)(2,0,0)[12] with drift | 15 12,20] | Trump

ID ARIMA(2,1,1)(2,0,0)[12] with drift | 9 6,13] Trump

IL | ARIMA(0,1,1)(0,0,)[12] with drift | 11 6,16] | Clinton

IN | ARIMA(0,1,1)(2,0,0)[12] with drift | 12 5,19] | Trump

KS ARIMA(0,1,1)(1,0,2)[12] 15 7, 25] Trump

KY | ARIMA(1,1,1)(2,0,0)[12] 22 16, 30] | Trump

LA ARIMA(0,1,1)(2,0,0)[12] with drift | 13 5,22] | Trump

MD | ARIMA(0,1,1)(1,0,0)[12] with drift | 17 11, 23] | Clinton

MI ARIMA(0,1,2)(0,0,1)[12] with drift | 20 14,27] | Trump

MN | ARIMAC(1,1,2)(1,0,0)[12] with drift | 15 9,22] | Clinton

MO | ARIMA(1,1,1)(2,0,0)[12] 24 18, 30] | Trump

MS ARIMAG,1,1)(2,0,1)[12] 17 8, 29] Trump

NC ARIMA(1,1,1)(2,0,0)[12] with drift | 15 11, 19] | Trump

4, 19] Trump

NJ ARIMA(2,1,1)(2,0,0)[12] 18 10, 26] | Clinton

NV | ARIMA(3,1,1)(2,0,1)[12] with drift | 2 “4,10] | Clinton

NY | ARIMA(2,1,1)(1,0,2)[12] 15 9, 22] Clinton

OH ARIMA(2,1,3)(2,0,0)[12] with drift | 17 12, 23] | Trump
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MA | ARIMA(0,1,2)(2,0,0)[12] with drift | 12 [7,17] | Clinton
[
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[
[
[
[

[
[
[
[
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NE ARIMA(4,1,0)(2,0,1)[12] with drift | 11
[
[
[1
[
[

OK | ARIMA(3,1,3)(2,0,)[12] 12 4,20] | Trump
OR | ARIMA(0,1,1) 21 [16, 26] | Clinton
PA | ARIMA(1,1,1)(2,0,2)[12] with drift | 15 [10, 22] | Trump
SC | ARIMA(0,1,1)(2,0,)[12] 20 [11,30] | Trump
TN | ARIMA(0,1,2)(2,0,0)[12] with drift | 9 [5,14] | Trump
TX | ARIMA(0,1,1)(2,0,D[12] 11 [6,16] | Trump
UT | ARIMA(L,1,1)(0,0,D[12] 12 [7,18] | Trump
VA | ARIMA(L,1,1)(1,0,0)[12] 15 [10, 21] | Clinton
WA | ARIMA(3,1,1)(2,0,0)[12] with drift | 9 [5,13] | Clinton
WI | ARIMA(2,1,1)(2,0,0)[12] 16 [10, 21] | Trump

Table 3.1: State-Level AutoRegressive Integrated Moving Average (ARIMA) Models.
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CHAPTER 4

ONLINE INFORMATION SEEKING FOR SEXUAL HEALTH

4.1 Motivation

Reportable STDs (chlamydia, gonorrhea, and syphilis) hit a record high of 2.1 million new
diagnoses in the U.S. in 2016 [175]. STDs are a substantial public health burden with
approximately 20 million new STDs annually resulting in $16 billion of annual healthcare
costs in the U.S. [175]. With many people undiagnosed, this may be an underestimate of
the incidence and cost. Beyond economic consequences, STDs can result in emotional
distress, infertility, create inflammatory conditions, and increase the risk of acquiring HIV

[176, 177].

Despite the preference to obtain health information from a health care provider, sensi-
tive issues such as sexual health, often drive people to consider less trustworthy sources of
information readily available on the Internet. Beyond privacy concerns, there may be other
barriers for people who choose to access the Internet as their first source health information
including, but not limited to, lack of access to a healthcare provider (rural locations), lack
of health insurance, and financial barriers (a financial barrier may still exist even if an indi-
vidual has health insurance). As a result, the accessibility of the Internet may be attractive

for individuals who are concerned they may have transmitted or acquired a STD as well as
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to seek information about risk and treatment.

The advent of Web 2.0 has generated a plethora of new sources of information available
on the Internet (e.g., online communities, social networking sites, and social Q&A) that
extend beyond passive viewing of sites. These sites encourage people to engage with each

other collectively contributing knowledge and providing social support [13].

Reddit is a social news sharing and discussion site that is organized into subreddits that
focus on specific topics. As of December 2017, there were 1,194,569 subreddits [178].
Reddit is becoming an increasingly popular source of information [179]. According to
Alexa Internet, Reddit is currently the third most popular site in the U.S. following Google
(first) and Youtube (second) based on a combined measure of page views and unique site
users [180]. To put that into perspective, Facebook is ranked fourth, Amazon is ranked

fifth, and Wikiipedia is ranked sixth.

r/STD is a subreddit that has existed for seven years with the self-described goal of
“...help calm the anxiety that comes with a potential STD infection through education,
awareness, and prevention techniques [181].” A brief description provided by the site
follows: “Feeling paranoid about that one night stand? Condom broke? Got some scary
blood results back? Need help understanding what your labs are saying? Share your stories,

concerns and questions here. Anything and everything STD related [181].”

Online health information has far-reaching effects on public health by influencing health-
care decisions and outcomes [15, 19]. Furthermore, there is increasing evidence of people

using online resources not only for health information, but also social support. From an or-
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ganizational perspective, there is increasing interest in using social media to provide health
communication to the public [12]. For example, r/STD was one of 25 health-related sub-
reddits recently targeted for sharing health information sources [182]. Additionally, STDs
are highly stigmatized and, despite the health care community’s robust knowledge about
these conditions, misinformation and misunderstanding is pervasive among the public. De-
spite increases in STDs, public health programs for STDs have received fiscal cuts in recent
years [175], potentially exacerbating existing barriers and increasing the need for innova-
tive strategies for public outreach. It is imperative that we understand who, why, and how
people use social media for health information so that online resources can be monitored to
ensure that health communication can be accurately tailored and distributed to the appro-

priate audiences [10].

4.2 Research Questions

Our goal was to characterize the community and content of information shared on r/STD.

As such, the work was motivated by three research questions:

e RQ1: What are the general patterns of user engagement?

e RQ2: What is the content of the information exchange?

e RQ3: What are the psycholinguistic properties that original posters (OPs) articulate?

To answer these questions, we conducted a mixed methods analysis using one-year
(prior to this case study) of content from r/STD. Computational analysis of all original
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posts (OPs) and comments was conducted to examine content and qualitative content anal-
ysis was conducted on a subsample of data to ensure the computational analysis captured
the dynamics of the community during the study period. Note, we use a common conven-
tion on Reddit of referring to both the initial post and initial poster as OPs. The findings
discussed in this chapter reveal that r/STD largely serves as a platform to crowdsource a
diagnosis as both a first opinion prior to interacting with a healthcare provider and a second
opinion to follow-up to an interaction with a healthcare provider. Beyond crowdsourcing a
diagnosis, users often articulate concerns regarding test window periods and transmission
and risk of STDs during oral sex. This study addresses a gap in the literature about online
health information seeking for STDs. A key strength is the characterization of a previously
unstudied, but active, online community. Reddit, specifically the r/STD subreddit, offers
the opportunity for researchers to better understand the methods in which users interact,
discuss, and share health information revealing patterns and content that could be used to
tailor health interventions specific to this platform in the future. Finally, although this study
took an inductive, atheoretical approach to our analysis, we discuss how existing health in-

formation seeking models could be operationalized for studying the r/STD community.

4.3 Background

4.3.1 Internet as a Source of Information for Sexual Health

In a semi-structured interview of adolescent males, all participants indicated that sexual

health is an “embarrassing and stigmatized” topic and this affected their information seek-
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ing behavior. The participants preferred to “seek information in private” using the Internet
although they acknowledged the potential trade-off for privacy in lieu of accuracy [183].
Other studies have also indicated that the “Internet is a leading source of sexual health in-
formation” for young adults because of the sensitivity of the subject [151, 184, 185, 186].
For example, adolescents turn to the Internet for sexual health information that they fear
parents and healthcare providers may be judgmental about, including STDs. Anonymity is
of particular concern for this age group and they prefer to use online resources that do not
require personally identifying information [187]. Furthermore, the lesbian, bisexual, gay,
transgender, queer/questioning [LBGTQ] community seek sexual health information online
at a significantly higher rate compared to heterosexual individuals [185, 188] potentially
because of the additional challenges they face with their sexuality [189]. In a qualitative
interview of 32 LGBT people aged 16-24, all participants endorsed using the Internet to
seek information about STDs or HIV [189]. This behavior is not limited to digital natives
(young adults raised with the Internet). Middle-age and older adults also believe sexual
health is a sensitive issue and use the Internet as a source of information, but at lower rates

than young adults [190, 184].

4.3.2  Reddit as a Source of Health Information and Social Support

What makes Reddit an attractive source of information despite a large number of credible
online resources with information about STDs? Selecting a source for health information is
commonly based on the perception of social risk and cognitive effort to understand content,

sometimes resulting in irrational choices for information [13]. Reddit has number of dis-
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tinguishing features, as identified by the CMIS [13, 191], including accessibility (free and
publicly available), quality (individuals crowdsource and evaluate information, although
the quality of information is unknown), usability (passive viewing of content without an ac-
count), and interactivity (individuals interact with each other by creating an account). This
makes Reddit an ideal source for seeking health information, especially for stigmatized
topics, and an increasing number of researchers are examining health-related subreddits
for stigmatized conditions [3, 114, 192]. Additionally, Reddit simulates interactive health

communication providing human-to-human interaction facilitated by the Internet [20].

It is imperative for researchers and public health experts to understand cultural norms
and characterize the information exchanged on online communities such as Reddit. An
increasing number of researchers are examining health-related subreddits for actionable in-
sights for mental health, weight loss, and monitoring adverse drug reactions. For example,
researchers have examined mental health discourse on Reddit [3], language attributes indi-
cating a shift in the user’s posting on a mental health to the suicide watch subreddit [114],
shifts in posting activity and content following celebrity suicides [105], helpful comments
from a suicide prevention perspective on a suicide watch subreddit [193], similarities of
content among mental health subreddits [192], the relationship between social support and
weight loss [109], stress of college students following gun violence on campus [194], and

adverse drug reactions for psychiatric medications [195].

Reddit is an ideal platform to examine health information seeking for STDs given that
the demographics of Reddit and incident STD infections align with more than half of Reddit

users are under the age of 25 (50.5%) [196] and half of the estimated 20 million new
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STD diagnoses in the U.S. are among individuals aged 15 to 24 [175]. 1/STD is an active
community with 2,500 subscribers, albeit likely many more readers that are not subscribers.
To the best of our knowledge, this is the first study to examine sexual health information

seeking on Reddit.

4.4 Data

The Python Reddit API wrapper [197] was used to collect OPs, comments, and associated
metadata from r/STD for the one-year period between August 1, 2016 and July 31, 2017
from Reddit’s official API [198]. A total of 1,802 OPs and 5,948 associated comments
created by 2,083 unique users were collected. In accordance with Reddit tradition, an OP
is the initial post and comments are the responses to the OP. For each OP and comment,
we collected the text and metadata including the date, parent ID of the OP, permanent
URL, author, score, number of upvotes, and number of downvotes. The title and number
of associated comments was collected for each OP. Note that OPs can contain both a title
and follow-up text. Twenty-three percent (22.5%) of OPs contain only titles. The titles and
text of each OP were combined to obtain the total text associated with each OP. Based on
a qualitative review, titles are typically either openers or briefly summarize the intention of

the OP. Comments do not have a title and only contain a text field.
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4.5 Methods

4.5.1 RQI: User Engagement

Activity and Participation

Descriptive statistics including the number of OPs and comments, number of comments
per an OP, length of the OPs and comments, unique number of contributors and activity,
response time to OPs, usage of the built-in scoring system, and daily activity were examined

to determine characteristics of the community.

Throwaway Accounts

A common practice on Reddit is the usage of a throwaway accounts to maintain anonymity.
These accounts often contain the word “throw” in the username (e.g., “throwdissaaway”).
We used a regular expression search to identify accounts that contained the word “throw”
signifying that is was specifically created with the intention of maintaining anonymity. This
approach cannot identify all accounts that were specifically created with the intention of

anonymity, however, this approach ensures that only throwaway accounts were identified.

4.5.2 RQ2: Content of Information Exchange (Quantitative Analysis)

For computational content analysis, we examined the prevalence of explicit mentions of

STDs, top unigrams, online resources that were shared, and topic modeling. Text analysis

53



was conducted using scikit-learn [199], pandas [200], Natural Language Toolkit (NLTK)

[201], and gensim [202].

Prevalence of STDs

Regular expressions were used to find keywords related to STDs present in the OPs and
comments. An OP or comment was labeled with the STD if it specifically mentions a key-
word. All OPs, comments, and keywords were stemmed using NLTK’s snowball stemmer
to reduce words to their root form (e.g., syphilis to syphili) prior to the regular expres-
sion search. “AIDS” was corrected using a regex search for “aids” because the stemmed
version “aid” produced false positives. The OP or comment was labeled with the STD
type if it contained any of the associated keywords. For example, the STD type “to-
tal HSV” includes text that contained the stemmed variants of “HSV” OR “herpes” OR
“cold sore.” We then further classified the STDs into three categories consistent with the
CDC: (1) acute, reportable STDs (i.e., chlamydia, gonorrhea, syphilis) (2) intermediate,
non-reportable STDs (i.e., HSV, HPV, and molluscum contagiosum), and (3) bloodborne
chronic, reportable STDs (HIV, acquired immunodeficiency syndrome [AIDS], and hepati-
tis). Table 4.3 presents the STD categories and associated keywords. These categories are
not mutually exclusive. For example, if an OP mentioned chlamydia and HSV, then it was

classified as both an acute, reportable STD and intermediate, non-reportable STD.
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Top Unigrams

To identify the frequency of unigrams, the text was pre-processed by removing special
characters, removing common stop words, stemming words, and joining frequently adja-
cent co-located unigrams into phrases (e.g., cold_sores) using phrase modeling [203]. The
unigrams were then sorted by term frequency and term frequency-inverse document fre-

quency (tf-idf) to obtain the top 50 unigrams in OPs and comments.

Topic Modeling

Unsupervised topic modeling was used to discover latent themes present in the OPs and
comments based on the unigrams. From the unigrams, we created matrices of term fre-
quency and term frequency-inverse document frequency (tf-idf) to input into topic models
using Latent Dirichlet Allocation (LDA) and non-negative matrix factorization (NMF), re-
spectively. Because both LDA and NMF require a pre-specified number of topics, we
iterated through models the number of topics varying from 10 to 40 by increments of five.
The latent topics were then manually labeled and the model that produced the most coher-
ent, representative topics was selected. The same process was used for the comments with
the exception that all comments associated with an OP were aggregated to maintain the

conversational nature of commenters responding to an OP.

Although LDA is arguably the most widely used topic modeling technique, we found
LDA to produce substantially less coherent topics. For example, for the OPs, LDA pro-
duced one coherent topic compared to 21 coherent topics from NMF for a 25-topic model.
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We suspect this is because the OPs and comments contain similar language and NMF pro-
duces higher topic coherence for niche content [204]. This finding is in line with other
studies examining topic coherence of NMF compared to LDA [205, 206, 204, 207]. Unlike
LDA which returns normalized topic probabilities for each document (i.e., topic probabil-
ities sum to one for each document), NMF does not return normalized topic probabilities

[208, 209].

Online Resources

Online resources were extracted from the text using the package URLExtract [210] by iden-
tifying top-level domains as defined by the Internet Assigned Numbers Authority (iana.org),
and extracting all characters to each side of the top-level domain until a stop character
(white space, comma, quotation marks) is encountered. A top-level domain is the right-
most label of a URL (e.g., the domain name www.example.com belongs to the top-level
domain com’). After domain names were extracted from the full URLs, each site was

visited and qualitatively labeled with the type of online resource.

4.5.3 RQ2: Content of Information Exchange (Qualitative Analysis)

A 1-in-20 systematic sampling approach was used to identify a subsample of threads or
conversations (OPs with associated comments) resulting in 91 OPs with 289 associated
comments (4.18 £+ 3.08 comments per a OP). An inductive coding process was used for

thematic analysis of the threads. One researcher (AN) identified preliminary themes, which
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was developed into an initial codebook. AN conducted multiple iterations of independent
coding until thematic saturation was achieved and formalized a codebook. Another re-
searcher (JK) coded a subsample of the data (random twenty percent sample of the threads)
using the formalized codebook, discussed any points of disagreement, and made refine-
ments to the coding scheme achieving an inter-rater reliability of 0.81 (percent agreement).
Related codes were grouped into seven high-level categories representative of prominent
themes. Topics that emerged from the qualitative analysis were compared to topics that
emerged from the computational analysis (topic modeling) to identify if topic convergence
existed between the quantitative and qualitative approaches. Below is a discussion of the

findings and each conversation (or thread) is indicated by the unique id assigned to the OP.

4.5.4 RQ3: Psycholinguistic Properties

Each OP was scored using the 2015 version of Linguistic Inquiry Word Count (LIWC)
[211]. LIWC is a language analysis software that evaluates and outputs scores for linguistic
and psychological features of language. For our analysis, we focused on the following cat-
egories: affect, biological processes, cognitive processes, past focus, present focus, future
focus, and time. The score for each OP is expressed as the percentage of words belonging
to a given category (e.g., score of 5.0 for ‘affect’ indicates 5% of words in the OP belonged
to the ‘affect’ category) [211]. The means and bootstrapped 95% confidence intervals of the
seven psycholinguistic categories were calculated and compared to examine the proportion

of psycholingustic content present in the OPs.
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The cognitive processes category includes words that reflect cognition such as “notice”,
“why”, “curio*”, and “how”. The biological processes category includes words that reflect
language about the body, health, and sexuality such as “condom”, “heal”, “penis*”, and
“gay.” Past, present, and future focus categories reflect time orientation (e.g., “were” for
past focus) and include variations in inflection to modify the tense of a verb (e.g., “ap-
peared” to “appear”). The time category includes words referring to a specific or relative
time (e.g., “monday” and “earlier”). The affect category includes words that reflect the
overall emotional tone of the OP (e.g., positive emotion, fear, and anxiety) such as “scared”,

99 <¢

“anxious”, “asham*”, “happy”, and “trust.”

4.6 Results

4.6.1 RQI: User Engagement

Activity and Participants

Tables 4.1 and 4.2 present descriptive statistics of the OPs and comments contained in the
dataset. In general, the r/STD community averaged 5 4+ 2 OPs and 16 + 10 comments per
a day during the study period. The majority of activity for both original posting and com-

menting on r/STD occurred on weekdays rather than the weekend, as shown in Figure 4.1.

The median response time to comments was 7.50 hours (min = 3 seconds; max = 178
days). The mean number of OPs per poster was 1.15 £ 0.59 indicating that most posters

were one-time users of r/STD. The mean number of comments per commenter was 3.98 + 16.10.
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No. of OPs 1802

Mean OPs per day S5+2

No. of unique original posters | 1557

Mean length of OP titles 9+7

Mean length of OP text 146 + 138
No. of OPs with titles only 406 (22.5%)

Table 4.1: Descriptive statistics of original posts (OPs).

No. of comments 5948
Mean comments per day 16 £ 10
No. of unique commenters | 1387
Mean length of comments | 38 + 58
Mean comments per OP 3+3

Table 4.2: Descriptive statistics of comments. OP = original post.

The average user activity for contributing to both OPs and comments was 3.51 + 13.27
unique contributions. Forty-eight percent (n = 861) of original posters also contributed to
comments, however, we did not distinguish if these comments were limited to the thread
that they initiated. Surprisingly, the community rarely used the built-in scoring system
available in Reddit for this study period. The mean score of OP and comments were

1.39 £ 0.95 and 1.32 £ 0.90, respectively.

Throwaway Accounts

In general, 14% of all users specifically used throwaway accounts with 17% of the 1557
unique OPs using a throwaway account and 12% of the 1387 unique commenters using a
throwaway account. We did not distinguish if these commenters were actually commenting

on the OP that they initiated.
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Figure 4.1: Mean number of submissions per day for original posts and comments in the
dataset.

4.6.2 RQ2: Content of Information Exchange (Quantitative Analysis)

Prevalence of STDs

As shown in Table 4.3, the majority of OPs focused on the intermediate, non-reportable
STDs (n = 816, 45%) followed by acute, reportable STDs (n = 250, 14%) and chronic,
bloodborne STDs (n = 209; 12%). The prevalence of explicit STD mentions in the OPs
aligns with the prevalence of STDs in the general population [175]. That is, HPV and
HSYV are the most common STDs and, of the reported notifiable STDs, the most common,
in order of incidence, were chlamydia, gonorrhea, and syphilis. There were minimal OPs
related to trichomoniasis, lice, pelvic inflammatory disease, lymphogranuloma venereum,

bacterial vaginosis, and mycoplasma genitalium (less than ten posts for each STD).
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STD

OPs

Comments

HSV (herpes | hsv | cold sore)

HPV (wart | papillomavirus | hpv | cancer)

556 (30.85%)
301 (16.70%)

1084 (18.22%)
702 (11.80%)

Acute reportable (chlamydia | gonorrhea | syphilis) | 250 (13.87%) | 302 (5.08%)
Intermediate non-reportable (HSV | HPV | MC) 816 (45.28%) | 1733 (29.14%)
Chronic bloodborne (HIV | AIDS | hepatitis) 209 (11.60%) | 305 (5.13%)

Table 4.3: Prevalence of STDs in original posts (OPs) and comments. AIDS = acquired
immune deficiency syndrome. HIV = human immunodeficiency virus. HPV = human
papillomavirus. HSV = herpes simplex virus. MC = molluscum contagiosum.

Top Unigrams

Figures 4.2 and 4.3 present the top unigrams by term frequency and tf-idf for OPs and
comments. The unigrams were organized into categories focusing on symptoms, health

care, time-related, body, STDs, sex, and action words that imply information seeking.

Symptoms. Symptom words in the OPs included symptom, bump, pain, red, little, and
itch. Symptom words in the comments included symptom and bump. OPs were more
symptom-centric describing symptoms in great detail whereas comments tend to confirm

if the symptoms are indeed representative of a STD.

Health care. Health care words in both the OPs and comments were test and doctor. OPs
and comments tend to focus on testing for STDs, reflecting on a diagnosis, or seeking a

second opinion. For example, one OP:

...I went to the doctor the day that I had developed [a lesion] and she thought
it was for sure an STD. She swabbed it for herpes, as well as [testing for HIV,

syphilis, chlamydia, and gonorrhea]. They all came back negative ...
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The poster then discusses paranoia, multiple rounds of STD testing despite repeated nega-
tive results, and asks readers if they recommend “settling down” or additional testing. An

example of a comment follows:

... The fear that you have herpes and may infect another, is definitely a big
enough fear to psychologically mess with your erections. I don’t disagree that

that might be in your head. You’ve had two doctors say you don’t have herpes.

Time-Related. Temporal words in the OPs included time, start, day, week, month, and
years. Similarly, temporal words in comments included time, day, week, month, and year.
OPs tend to focus on describing a sexual encounter and subsequent symptoms. For exam-

ple,

Do I have HIV? I lost my virginity to a girl I met online about 2 months ago.
A few days after that my penis started burning during urination and also when

I am not urinating ...

Whereas comments tend to focus on describing what symptoms to look for or reiterating

what the poster stated. For example,

You may or may not experience fever or rash, if you did it would typically
come before an outbreak. Usually around 5-10 days but this is different from
person to person. Yes, they usually start to heal pretty quickly. Again, everyone
is different though. You want to get checked out before they scab over (usually
day two or three of an outbreak).
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Body. Body words in the OPs included area, penis, and skin. Body words in comments
included oral and skin. OPs tend to focus on symptoms in relation to an area of their
body (e.g., “Painless bump on pubic area for month™) whereas comments tend to focus on

describing symptoms to provide information. For example,

If you’ve had shingles in the same area, I’d venture to say shingles. It could be
herpetic but only way to know is to swab. Shingles and herpes are in the same

family of viruses!

STDs. STD words in the OPs included herpes, STD, HPV, HIV, wart, and chlamydia. STD

words in the comments included herpes, HPV, wart, STD, HIV, HSV, and virus.

Information Seeking. Information seeking refers to the action words that users employ
when trying to understand their health concern. Action words such as look, think, know,
notice, and worry were commonly used to describe the behaviors associated with making

symptom comparisons and locating adequate condition-specific information.

Topic Modeling

OPs primarily focused on crowdsourcing information on transmission [a], symptoms, test-
ing [b], and treatment of STDs [c]; expressing concern or fear over a potential diagnosis [d];
and seeking advice on how to speak to a partner [e]. Many OPs focused on crowdsourcing
a diagnosis with posts titled such as “What is this?” and provided an image or description

of their symptoms to aid commenters in diagnosis. Several OPs focused on fears of being
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misdiagnosed by their healthcare provider [f] and were crowdsourcing a second opinion.
These themes are expressed in the topic modeling. Twenty-three out of the 25 topics were

coherent enough to identify a theme, as shown in Table 4.4.

[a] “Can someone explain [if] Herpes simples virus can be transmitted in this

situation?”’

[b] “HIV RNA test at 11 days, OraQuick at 43 days, both negative. Am I in

the clear?”

[c] “Can you order the treatment for Chlamydia online?”

[d] “...I spend my days googling first symptoms and I think I’m starting to

become hypochondriac ...”

[d] “I am worried to the point of having anxiety attacks, please tell me what

you think”

[e] “Found out I have an STI, and nervous about telling my new partner. ...I
know I should tell him, but I’'m scared this will be the end of us. I am so

ashamed :(”

[f] “Misdiagnosed? Herpes or Molluscum? ... My doctor told me I had genital

herpes after a visual inspection. No testing was done to verify [ have HSV ...”
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Although the comments shared common themes with the OPs (see Table 4.5), the con-
text of the comments differ. Comments primarily focused on sharing additional information
about symptoms, testing, and treatment. If the poster was seeking a diagnosis, comments
focus on providing a diagnosis. Some diagnoses by commenters sound definitive [g] com-
pared to some that offer an opinion, but urge the poster to see a healthcare provider [h].
Some comments reassure the poster to not be anxious [i], however, not all comments are
supportive of the poster’s emotions [j]. Comments also focus on sharing their personal
experiences of fears related to potential diagnosis of STDs as well as confirmed diagnoses
of an STD. Finally, some comments share misunderstandings [k]. In contrast to the OPs,
the themes in the comments are less coherent with only 16 coherent themes out of the 25

topics, as shown in Table 4.5.

[g] “This is not an STD it’s actually very common for men to have these tiny

bumps on their penis. Consider it a form of genital acne that’s harmless.”

[h] “It looks like Molluscum to me, but could also be warts. It’s best to have a

doctor look at it for confirmation ...”

[1] “Well, I'm no expert but based on the information you have provided here

it doesn’t sound like you have anything to worry about.”

[j] “It’s a bump. If anything, it looks like Molluscum. And if you’re tripping
so much, maybe you should see a doctor instead of reassurance-seeking on
Reddit.”
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No. of URLs | No. of Original Posts

1 344 No. of URLSs | No. of Comments
2 68 1 198
3 31 2 24
4 6 3 2

5 4 4 2

6 2 5 2

7 1 6 2

8 1 8 2
13 1 11 1
14 1

Table 4.7: Number of online resources
Table 4.6: Number of online resources shared in comments.
shared in original posts.

[k] ... Saliva kills the HIV virus ...”

Online Resources

Twenty-five percent (25.3%; n = 457) of the OPs shared an online resource. Table 4.6
presents the number of online resources (URLs) shared per a OP totaling 669 online re-
sources (URLs) shared among 457 OPs. Table B.1 presents the number of OPs that shared
the top level domains of a URL and the type of oneline resource. The overwhelming major-
ity of OPs that shared a URL linked to an image hosting service, where the poster referred
to an image showing symptomology (93.0%; n = 425). OPs also contained links to social
Q&A sites (2.4%; n = 11), informational sites (1.8%; n = 8), trusted information sites (gov-
ernment/university) sites (1.3%; n = 6), online STD testing (1.3% n = 6), herpes dating
sites (0.7%; n = 3), information about the state of herpes vaccination (0.4%; n = 2), expert
Q&A (0.4%; n = 2), professional education (0.4%; n = 2). Links to sites about a physical

testing center, support group, news, online store, and alternative medicine were shared by
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one OP each. Figure 4.4 presents the type of online resources shared in posts.

Approximately four percent (3.9%; n = 233) of the comments shared an online resource
(URL). Table 4.7 presents the number of online resources (URLs) shared per a comment
totaling 313 online resources (URLs) shared in the comments. Table B.2 presents the
number of comments that shared the top level domains of an online resource (URL) and
type of site. Again, the majority of comments that shared a URL linked to an image hosting
service, where the comment referred to an image showing symptomology (36.5%; n = 85).
Comments also contained links to informational sites (17.2%, n = 40), trusted information
sites (government/university/ WHO) (10.3%, n = 24), social Q&A (9.4%; n = 22), online
testing (4.3%; n = 10), expert Q&A (3.4%; n = 8), online stores (2.6%; n = 6), research
articles (2.1%; n = 5), health news (2.1%; n = 5), dating sites (2.1%; n = 5), health care
centers or clinics (1.7%; n = 4), video hosting service (1.7%; n = 4), support sites (1.3%;
n = 3), wiki (1.3%; n = 3), professional organizations/education (0.9%; n = 2), lifestyle
websites (0.9%; n = 2), alternative medicine (0.4%; n = 1), and herpes vaccination (0.4%;
n = 1). Figure 4.5 presents the type of online resources shared in comments. Appendix B

presents the top level domains of the online resources that were shared.

4.6.3 RQ2: Content of Information Exchange (Qualitative Analysis)

We categorized the content of the conversations into seven broad categories (in order of
discussion): (1) information seeking, (2) interaction with health care, (3) providing infor-

mation, (4) decision making, (5) misinformation, (6) STD types, and (7) emotional content.
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The broad categories as well as sub-codes are shown in Appendix C.

4.6.3.1 Information Seeking

The majority of OPs (n = 88; 97%) focused on seeking information about STDs. The type
of information OPs asked about included crowdsourcing a diagnosis (n = 45; 51%), risk
and transmission (n =21; 24%), providers and testing (n = 15; 17%), treatment (n = 8; 9%),
symptoms of STDs (n = 6; 7%), dating and disclosure of STD status (n = 3; 3%), asking
others to share their personal experiences (n = 3; 3%), and general information about STDs
(n =2; 2%). Only one OP in subsample inquired about preventative measures (n = 1; 1%);

specifically a male inquiring about how long before the HPV vaccination was effective.

Crowdsourcing a Diagnosis. The most common inquiry was related to a crowdsourced
diagnosis (n = 45). For example, OP 44: “Do these look like genital warts?”” and OP 76:
“Whats this rash on my face?” Seventy-three percent (n = 33) of the OPs that focused
on a crowdsourced diagnosis described their physical symptoms and progression of the

symptoms to aid the commenters in diagnosing if they have a STD.

“Does this look like an std? It started out small then about two weeks later it’s

a little bigger. No itch or burn can’t even feel it’s there.” (OP 88)

“Does this look like herpes? I had protected sex one month ago and today I
noticed this bump around the base on my penis. It’s not a blister or a sore, and

it doesn’t hurt. I’'m planning on going to the doctor on Monday but my anxiety
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is killing me right now.” (OP 26)

Transmission and Risk. The second most common inquiry was related to transmission
and risk of STDs (n = 21). These OPs focused on the mechanisms for infection, general
probability of infection, and risk from encounters. The OPs explicitly mentioned chlamy-
dia, gonorrhea, syphilis, HPV, HSV, nongonococcal urethritis, hepatitis, and HIV with most
inquiries about transmission and risk being HIV-related (n = 8). Another common concern

was transmission and risk from oral sex (n = 12).

“For the sake of argument, just assume the female had gonorrhea. Is it possible
to approximate the probability of contracting oral (pharyngeal) gonorrhea after

one instance on cunnilingus (e.g. 50%, 1 in 10, etc)?” (OP 56)

“Had unprotected oral. . . Just gave a urine and blood sample today, but want to
know what you all think. I’m really only worried about herpes due to HSV1
(don’t know my status) and HPV, as I’'m aware the bacterial infections are
curable and the chance that I got hep-C or HIV is infinitesimally small. From
what I’ve gathered by reading posts on medhelp by Dr. Hunter Handsfield,
the chance that I got either genital herpes or HPV (or gono or NGU, even) is

exceedingly small (1 in 1000 he said).” (OP 84)

Half of the OPs (n = 11) focused on the odds of being infected with a STD or HIV after
only one unprotected sexual encounter. For example, OP 10 inquired about the risk of being
infected with HIV from a male-to-male oral sex encounter because he had reoccurring yeast
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infections and read online that this could be a symptom of a weakened immune system

compromised by HIV.

Other concerns of the OPs included: (1) the odds of transmitting high-risk HPV to a
long-term partner during male-to-female oral sex because of her recent diagnosis of high-
risk HPV, (2) probability of transmitting STDs from non-sexual activities including black-
splash from a urinal, other’s saliva touching your face during talking, and blood-to-skin
contact, (3) risk of HSV transmission if the partner is taking anti-viral medication to man-
age HSV, and (4) general risk associated with oral and vaginal sex with sex workers (pros-

titute, escort).

Providers and Testing. The third most common inquiry was related to providers and test-
ing (n = 15). Six OPs focused on if they should be tested for a STD. These OPs described a
sexual encounter where either their partner disclosed their STD status (positive or negative)
and inquired if they should be tested based on the information provided in the post. Four
OPs focused on how, when, or where they should be tested. Some examples follow. OP
28, who has unprotected oral sex with a stranger, inquired about free testing sites because
they were uninsured. OP 17 expressed concern about the anonymity of STD testing and
inquired about “private” STD testing. OP 5 inquired about where rapid testing for STDs
because they did not want to wait 10 days until their appointment with their general prac-
titioner. Finally, OP 40 inquired “What is the most accurate/effective home HIV test kit I

can get in the U.S.?”

Five OPs focused on interpreting a test result including defining what a “confirmatory
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test” means, interpreting raw results for chlamydia and HSV tests, and the test window for

HIV.

“What are the odds of HIV getting past these tests? I had an rna pcr at 18 post
exposure. A duo 4thgen at 29 days and a duo 4thgen at 43days. ...So based
just on the tests all of which were negative. What’s the odds that this turns

positive at 3 months? ...” (OP 39)

“Need help interpreting results...I got tested for chlamydia and the results are

as follows: IgM <1:10 IgG <1:64 IgA <1:16. What does this mean?” (OP 47)

Treatment. The fourth most common inquiry was related to treatment (n = 8). OPs ex-
plicitly mentioned treatment for chlamydia, gonorrhea, HSV, and ureaplasma. Questions
included the benefit of treating ureaplasma, the benefit of treating HSV, if one could receive
treatment for HSV without a confirmatory test, and the effectiveness of specific medications
to treat gonorrhea or manage HSV. For example, OP 25 was concerned gonorrhea could be
the root cause of their ulcertative colitis and inquired if a z-pack would treat gonorrhea. OP
69 inquired if anyone had experience with “H-clr”, a supplement marketed to strengthen

the immune system against HSV outbreaks.

Symptomology. The fifth most common inquiry was related to symptoms of STDs (n =
6). The OPs explicitly mentioned HSV (oral and genital), syphilis, and trichomoniasis and
as well as STDs in general. OPs focused on the “warning signs” of STDs, presentation

of a syphilis sore, location of HSV sores during a primary infection, and the time window
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between infection and presentation of HSV. The following is an excerpt from an OP which
indicated the poster had received an uncertain diagnosis of HSV from their provider, de-

scribed her symptoms in detail, and inquired if the symptoms were representative of HSV.

“About a week ago I got a lump on my labia. At first it was a little painful
(very similar feeling to acne on the face), and I assumed it was something like
an ingrown hair. However although the pain faded, the lump remained there.
... There is no itching whatsoever, and it’s generally not painful. .. [The doctor]
did a quick visual check and was like “ummm yeah probably herpes, maybe a
bacterial infection, why don’t you try taking medication for everything it could
possibly be and I’'m sure it’ll go away?” He was pretty openly unsure what it
was and said he did not have the equipment to do an actual herpes test, and
apparently they are “not accurate anyway”. What he ended up telling me to do
is to take only herpes medication for a few days and if it goes away, that means
I have herpes. Is this really a normal way to tell if you have herpes? ...Does
this sound like herpes? In terms of STDs, I was more worried about something

like syphilis. ..” (OP 80)

Dating and Disclosure of STD Status. The sixth most common inquiry was related to
symptoms of STDs (n = 3). All three OPs that mentioned dating were concerned about
dating with HSV. Two OPs infected with HSV sought advice on how to disclose to a partner
their STD status. One OP sought opinions on whether it is better to date someone who

discloses their HSV status or someone who does not know.
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”So it’s come to my understanding that if you’ve had more than a few part-
ners, you’ve been easily exposed to hsv2. I’ve met a great lady who is hsv2+,
disclosed, takes meds and has very few outbreaks...In this day and age in a
casual sex environment. Would you feel safer having protected sex with some-
one who knew and took measures, or someone off a random dating site who

didn’t know if she or he was +...” (OP 43)

4.6.3.2 Interaction with Health Care

One-third of the OPs (n = 30) indicate their interaction thus far with health care in their in-
quiry. Eleven OPs were seeking a crowdsourced diagnosis as a first opinion before seeing a
provider. Six of which mention that they are currently waiting on a scheduled appointment.
Most OPs were concerned about HSV or HPV, described their symptoms, and provided an
image to aid the diagnosis. Only one OP was concerned about HIV and described symp-

toms.

“...1have 3 different "warts” in my intimate area. Now i1 am afraid that i have
a high infectious diseas[e], What is your opinion about the warts? I have an

appointment in 2 weeks at the doctor” (OP 61)

More than half of the OPs (n = 19) who mentioned their interaction with healthcare
indicated they have already seen a provider or been tested for a STD. Seven of which dis-
closed a positive test result, five had a negative test result, five were waiting on test results,
and two did not receive a diagnosis or testing during their interaction with a provider.
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Of the OPs with positive test results, three OPs inquired about the effectiveness or ne-
cessity of treatment, two OPs sought a crowdsourced diagnosis, one OP indicated concern
about other STDs, and one OP wanted information about how to move forward with their
diagnosis. For example, OP 2 disclosed they were genital HSV-1 positive, thus far had only
had symptoms during the primary infection, and inquired if their current skin irritation was
indicative of another outbreak by providing an image of their symptoms. OP 83 inquired

about the necessity of treatment for HSV-1.

“Why bother get treatment for Herpes 1 if >50% has it? I noticed some slight
skin rash and itchiness around my genitals, so I got my first STD test done
through stdcheck.com recently. I learned that I have Herpes 1. Apparently
(50% or even around 80% of the population has it, and they usually get it from
childhood. So if that’s the case, and I’'m now in my 20s and didn’t even know I
had it until now, is there even any point to get any treatment for it? Is it worth
paying the $95 that stdcheck.com charges for the consultation and prescription

treatment?” (OP 83)

OP 37 inquired about the necessity of treatment for ureaplasma.

“[My girlfriend has ureaplasma.] I also started doing research and found out
it is not a very serious bacteria to have unless there are symptoms, to which
my partner and I do not have. She started another round of antibiotics, and
my doctor told me its not a big deal and does not want me to waste damaging
the good bacteria with antibiotics to fight something that is not completely
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understood when I have no symptoms or problems. My girlfriend is annoyed,
though, that I did not insist to be treated. Has anyone had any experience with

ureaplasma?” (OP 37)

Of the OPs with negative test results, three OPs sought reassurance that they indeed did
not have a STD, one inquired about of the causes of nongonococcal urethritis, and the other

about HIV test window periods.

The five OPs waiting on test results inquired about: (1) trichomoniasis symptoms, (2)
the meaning of a “confirmatory test” (3) if they should see another provider for treatment
of painful HSV sores rather than waiting on results, (4) a second opinion to diagnosis their
“spots on penis” while waiting on the STD test results, and (5) a second opinion following

their provider’s diagnosis of folliculitis.

4.6.3.3 Providing Information

Comments primarily focus providing information in response to the OP’s inquiry (n = 276;
96%). Comments focused on providing a diagnosis (n = 72; 26%), suggestions that the OP
see a provider (n = 40; 14.5%), information about transmission and risk (n = 37; 13.4%),
information about testing (n = 26; 9.4%), information about treatment (n = 20; 7.2%),
information about symptoms of a STD (n = 15; %), information about prevention (n = 11;
5.4%), emotional support (n = 13; 4.7%), sharing a personal experience (n = 13; 4.7%),
and suggestions about the type of provider to see (n = 10; 3.6%). Less than 10 comments

focused on providing information about how to disclose STD status to a partner (n = 7),
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combating stigma associated with a STD (n = 6), suggesting the the OP seek emotional
support or may have a mental health issue (n = 4), or suggested posting on a more suitable

subreddit (n = 2).

Diagnosis. The most common information provided in comments were a diagnosis in
response to the OP inquiring if they have a STD. Most comments that provide a diagnosis
suggest that the OP does not have a STD based on the description of their scenario (n =
41). Only three of the comments that suggest that the OP is STD-negative suggest follow-

up with a healthcare provider. Below are examples of a few STD-negative diagnoses.

“Looks okay. Just acne” (OP 16)

“Yeah I think that’s fungal or an allergy. Please go see the doctor asap, that

doesn’t look fun! ...” (OP 45)

“Best educated guess? Sebaceous glands.” (OP 49)

The comment below responds to an OP’s concern that they may have received a false

negative HIV test result because of the test window period.

“You are HIV Negative. After 28 days a 4th Gen test is considered conclusive.
Only third generation tests are conclusive at 3 months. In real life almost

everyone is positive by 6 weeks.” (OP 13)

Finally, the comment below expresses support for the OP to schedule an appointment
although they don’t believe their symptoms are STD-related.
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“Don’t feel nasty. Good job scheduling an appointment, always a good thing

if you have concerns. Doesn’t look like herpes to me.” (OP 15)

Twenty-one comments provide a diagnosis suggesting that the OP does have a STD
based on the OP’s description. Eight of which suggest the OP should follow up with a
healthcare provider. Below are examples of a comment in response to an OP inquiring
about bumps on their genitals and an OP inquiring if they are experiencing another HSV

outbreak.

“Not herpes. Looks like molluscum. Do NOT open those, they’re highly con-

tagious. See a dermatologist to make sure.” (OP 15)

“Yes, it does look like another outbreak.” (OP 2)

Ten comments did not definitely diagnosis the OP as STD-positive or negative. These
comments suggest it could be a STD or a normal skin issues. Three of which suggest the

OP should follow-up with a healthcare provider.

“Some of them looks like warts, some like fordyce spots. Go to a Dermatolo-

gist” (OP 44)

Health Care Referral. The second most common information provided is suggesting to an
OP that they should be seen, tested, or treated by a healthcare provider. For example, com-
ment in response to OP 8: “Go to the clinic and get checked.” Occasionally, the comment
would also suggest a provider type.
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“That’s almost definitely some sort of contact dermatitis. The uniformity of
the “rash” indicates some sort of irritation or allergy as opposed to a sexually
transmitted virus. I'd go to a walk-in clinic or some sort of non-emergency
urgent care. You probably are just having an allergic reaction to something

and need some sort of cortisone shot, etc.” (OP 45)

Transmission and Risk. The third most commonly provided type of information focused
on risk and transmission of STDs. Comments explicitly provided information about in-
termediate, reportable STDs (n = 26; 70%); acute, reportable STDs (n = 14; 46%); and
chronic, reportable (n = 5; 14%). Again, comments could mention multiple STDs, so their

focus on a particular STD group was not mutually exclusive.

The majority of comments (n = 23) focused on the general risk of acquiring a STD,
including incidence and prevalence in the general population, and occasionally attempted
to quantify risk. For example, the excerpt below from a comment discusses the general risk

of acquiring several STD types from a single encounter involving oral sex.

“...You can catch Gonorrhea from oral sex, but if you receive a blow job
from someone who has Gonorrhea in the throat, you have a less likely chance
of catching it than say vaginal or anal sex. Chlamydia is exceedingly rare
in the throughly. You can’t get Hepatitis from oral sex. You can’t get HIV.
Ureaplasma, Mycoplasma, trichomoniasis are not received from oral sex. So
to say, you can pretty much get any STD from oral sex is false. On top of
that, STDs, when present transmit inefficiently, especially via oral. ...The

80



odds of catching anything from any single exposure is quite minimal. With
that, unprotected oral sex does have a risk for an STD. ...[Oral sex] when
compared to other forms of sex, [are] WAY more safe. Again not risk free, but

no where near other forms of unprotected sex. ...” (OP 28)

The excerpts below provide information about incidence or prevalence of a STD in the

general population.

“...In 2007, cervical cancer incidence in the United States was 7.9 per 100,000
women, with approximately 12,200 new cases reported. ...About 13,000
women will be diagnosed with cervical cancer this year and it will actually
kill about a third of them. ... HPV causes about 40,000 cancers every year in

the US.” (OP 71)

“ 1) Most people have some form of herpes. Likely you already have HSV1
or HSV2. 2) 1/6 guys in the US has HSV2, 1/4 women 3) Risk of female to
male transmission over a year, without condoms, with valtrex, is 2%. that is
for a YEAR of sex. pills do lower the risk by about 1/2, but they dont make it

impossible.” (OP 30)

Another common type of information provided was related to information about the

modes of transmission for HSV, HPV, MC, gonorrhea, syphilis, and HIV (n = 14).

“In order for herpes to spread, it needs to have skin-to-skin contact with help
of little friction for the cells to have microscopic cuts for the virus to easily
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penetrate. Also, just because you had contact it doesn’t necessarily mean that

you’re gonna get infected. ...” (OP 54)

“It is more difficult usually than you touched for two seconds. Friction and
micorabrasions from friction help spread stuff, but stuff can spread perfectly

well without it, too. No one can really give you specific math.” (OP 4)

The comment below focuses on the reduction in risk of transmitting HSV due to antivi-

ral medication.

“There are two reasons to take antiviral medication if you have herpes: 1) It
can cut down on symptoms, clearly if you have no symptoms or if they are
not bothersome then you don’t need to take antivirals 2) It can cut down on
asymptotic shedding - when you are contagious with no symptoms - this is
only relevant if you are getting intimate (kissing or performing oral are the
two concerns) -having oral performed on you, or possibly genital to genital
contact although transmission is rare this way - with someone who does not

already have HSV 1 (OP 83)

Finally, the comment below focuses on transmission of HIV.

“Yes, HIV can be transmitted by vaginal fluid on to a broken pimple. But, the
risk of that is super low. So low that it’s not worth fretting about. But, the only
thing you can do is wait and get tested to be sure.” (OP 81)
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Testing. The fourth most common type of information provided was related to testing.
Approximately half of the 26 comments providing information about testing focused on the
test window period for HSV and HIV. That is, the period of time between being infected
and potentially receiving a false negative. The comments below share information about

HSV and HIV testing in response to the OP’s inquiries about HSV and HIV testing.

“I usually read doctor Hunter Handsfield replies on a website called medhelp.
He’s a std expert and gives very helpful information about herpes. He also said

that testing around 6-8 weeks will be around 80% accurate.” (OP 30)

“...After 28 days a 4th Gen test is considered conclusive. Only third gener-

ation tests are conclusive at 3 months. In real life almost everyone is positive

by 6 weeks.” (OP 13)

The next most common information provided about testing focused on testing for HPV.
Many comments focused on explaining recommended screening methods for cervical can-
cer, that pap smears test for abnormal cells, and that direct testing for HPV is limited. For
example, the comment below is in response to an OP who was recently diagnosed with

high risk HPV and is seeking additional information about the diagnosis.

“... A Pap smear is not a test for HPV. It’s a test for cancer. They look at the
cells scraped for your cervix and see if they are mutagenic. Again, if you’re
in the US, it is EXTREMELY unlikely that you were tested for HPV if you’re
under 30 and had a normal Pap. EXTREMELY! ...Screening Methods for
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Average-Risk Asymptomatic Women. Age 21 to 29: Every 3 years with cy-
tology (Pap testing), regardless of age of onset of sexual activity or other risk
factors. Age 30 to 65: Every 5 years with HPV co-test (Pap + HPV test) OR

every 3 years with cytology.” (OP 71)

Several comments focused on where to purchase home HIV testing, online testing for

STDs, and where to be seen for general STD testing (urgent care, walk-in clinics).

Finally, two comments focused on providing information about how to be tested for
acute, reportable STDs. For example, the comment below is in response to an OP inquir-
ing if z-packs (prescribed for an unrelated reason) will treat any chlamydia, gonorrhea, or

syphilis.

“Swab for gonorrhea/chlamydia. An infectious disease doctor or std clinic
does that sort of thing all the time. No worries. Blood test for syphilis.” (OP

25)

Treatment. The fifth most common type of information provided was related to treatment.
Most comments focused on treatment of HSV and HPV. Comments related to HSV focused
on the topical medications (lidocaine) to alleviate pain associated with herpetic lesions and
antiviral medications to manage symptoms and reduce risk of transmission. Comments
related to HPV focused on removal of visible genital warts and refraining from sexual
activity until the skin healed. A few comments focused on specific antibiotic medications

for acute, reportable STDs. For example in response to OP 58, which inquired about the
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risk of chlamydia from a sexual encounter and treatment options,

“We can test for chlamydia/gonorrhea via rectal, endocervical, throat, and ure-
thral swabs and also via urine so if you performed oral or had anal intercourse,
be honest so they can retrieve the proper samples. Treatment is super painless
and they may even offer it to you before the labs come back. Lots of times it’s
just one pill (1 gram azithromycin) but there are alternatives if your allergic.
Chlamydia can be sort of embarrassing, but be glad he told you about it so you
can knock it out quickly and it won’t cause long lasting issues. I’d just head
to a PP clinic or STD clinic in your area and request a CT/GC workup. If it’s
cheap, you may as well go for a whole STD panel just for the peace of mind.”

(OP 58)

Symptoms. The sixth most common type of information provided was related to symp-
toms. Comments discussed when and where herpatic lesions appear during a primary in-
fection, appearance of HPV (genital warts), how HPV may result in abnormal changes to
cervical cells potentially leading to cervical cancer, and that gonorrhea and nongonococ-
cal urethritis can present as asymptomatic. For example, comments in response to an OP

inquiring about the presentation of HPV share how symptoms of HSV may present.

“1) technically they can appear anywhere in the boxer region, but they often
present where the infection entered. 2) Sometimes when experiencing a pri-

mary or subsequent outbreak flu like symptoms are part of it, swollen lymph
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nodes, body aches, etc. But most people who have the disease have no symp-
toms or symptoms so mild they are unnoticed or confused with something else.
3) without treatment they [c]an heal, yes, because your body has an immune
response and will fight the virus and cause it to become dormant for a time.

... (OP 20)

Prevention. Only eleven comments focused on prevention of STDs making this the seventh
most common type of information provided. All except one comment was related to HPV;
the other comment was related to HSV. Many commenters suggested the HPV vaccination
for prevention of HPV. For example, comment to OP 71, “The point I'm trying to make
is that HPV is a major kiler worldwide [due to cervical cancer] and we were saved from
it by the Pap smear until the vaccine came along in 2006! (OP 71)” The comment also
suggested using condoms for prevention of HPV, however, they do not caveat that HPV can
still be transmitted with condom usage. Finally, one comment focused on how to prevent

transmission of HSV to partners

“just tell your partners beforehand; take acyclovir when you have symptoms,

and avoid sex when you have outbreaks ...” (OP 54)

Sharing Personal Experience. The eighth most common type of information provided
was related to sharing a personal experience by self-disclosing their experience with a spe-
cific STD or similar symptoms that turned out to not be a STD. For example, the comment
below focuses on sharing their personal experience with cervical cancer in reference to an
OP seeking information about the HPV vaccination.
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“...If you never got the vaccine, you’re still at significant risk and shouldn’t
miss a Pap. About 13,000 women will be diagnosed with cervical cancer this
year and it will actually kill about a third of them. If you’ve never met one of

these women, Hi! ;-)...” (OP 71)

Emotional Support. Tying for eighth most common time type of information provided is
emotional support. Most comments do not explicitly address the emotional component of
the OPs’ concerns. However, thirteen comments do directly make suggestions and provide
emotional support. Comments employ several tactics including reassurance and suggests
the OP reduce their stress or “relax.” Offers of emotional support are not limited to concerns
over a specific STD, but instead are related to OPs about HSV, HPV, and HIV. For example,
below are two comments to an OP providing emotional support to someone panicking over
the possibility of HIV from a sexual encounter and an OP who is concerned about having

HSV because it is “nasty.”

“...Try to distract yourself from these thoughts. 222 am is not a time that’s
amenable to reasonable consideration of circumstances, and a reasonable con-
sideration of circumstances would lead to the conclusion that you are fine.

Things will look better in the morning.” (OP 10)

”Don’t feel nasty. Good job scheduling an appointment, always a good thing

if you have concerns. Doesn’t look like herpes to me.” (OP 15)

Disclosure. Of the few comments that discussed disclosure (n = 7), most suggested that
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you should disclose your STD status, specifically for HPV and HSV, to a partner. Below

are comments that support disclosing status.

“Yes, you should tell people that you have been exposed to HPV in the past,
so that they could get the vaccine. Also you should use a condom every time.”

(OP 32)

“just tell your partners beforehand; take acyclovir when you have symptoms,
and avoid sex when you have outbreaks. Herpes is just like common cold, but
causes pimples on your genital or wherever you have it. It’s all good :D FACT:
Anywhere from 65-90% of the adult population has oral herpes and about 1 in

5 people over 12 have genital herpes.” (OP 54)

The one comment that did not support disclosing based their argument on the preva-

lence of HPV.

“IMO it’s pretty stupid to tell to your new partners that you have HPV, i mean,
everyone has it. My suggestion is that if you have a visible wart, you need to
remove it, don’t have sex till the warts are gone and the skin is healed.” (OP

32)

Combating Stigma. Six comments focused on combating stigma against HSV. Com-

menters do so by mentioning statistics about the prevalence of HSV, downplaying the
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symptoms of HSV, or disclosing their experience with HSV. Note all comments that fo-
cused on combating stigma of STDs were related to HSV. Comments to OP 54, OP 54, and

OP 15 that focus on sharing statistics about the prevalence of HSV:

“Genital herpes is caused by a herpes simplex virus (type 1 or type 2). Nearly
everyone (70%) will catch at least one type, sooner or later. No biggie man.
You should seriously chillaz tho, unless you wanna get unnecessary diseases
that are cuased by stress and hurts your body more than herpes, which isnt a
life threatening condition( aka painful pimples on your face or pubic area, or

wherever )! ...” (OP 54)

“...FACT: Anywhere from 65-90% of the adult population has oral herpes and

about 1 in 5 people over 12 have genital herpes.” (OP 54)

“This is about the 100th post I've come across describing the anxiety of having
herpes as being “nasty”, “disgusting”, “gross”; it’s honestly a bit of a piss off.
I have herpes, many people on this site have herpes- we’re not gross, it’s a

common virus that millions of people have, and there is nothing “nasty”” about

it.” (OP 15)

Comments to OP 15 and OP 54 that focus on downplaying the symptoms of HSV

follow.

“Of course herpes is not fun, but it’s not, in my opinion, gross or nasty. But
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it is pretty benign. I mean besides having a few blisters a couple times a year

what else does it really do? ...”
“...Herpes is just like common cold, but causes pimples on your genital or

wherever you have it.”

4.6.3.4 Decision Making

Only 13 OPs share their decisions about their health behavior in a follow-up comment.
Seven OPs indicated that they intended to see a provider in a follow-up comment based on
feedback from the commenters. Three of which indicated that they do not think it is an
STD, but they intend to see a provider nonetheless. Five OPs indicated that they did see a
provider and were not diagnosed with an STD. One OP indicated that they would not see a

provider because of financial limitations.

4.6.3.5 Misinformation

Seventeen comments (6%) contained misleading information or misinformation. For this
analysis, misdiagnosis was not considered misinformation. Comments presenting mislead-
ing or misinformation included recommendations for alternative treatment, and incorrect

information about transmission, testing, and symptomes.

Seven comments in three threads contained misinformation about HPV. In response

to OP 80 asking for information about why the HPV vaccination consists of three shots,
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one comment implied that condoms would protect against HPV (...use a condom [and]
condom sense ...”") and another comment suggested the side effects, including infertility,
are worse than the benefits of the HPV vaccination. The comment did not caveat that
condoms may not sufficiently protect against HPV (misleading). One comment in the
thread focused on correcting the misinformation presented about the side effects of the

HPYV vaccination.

“...has [been] through peer reviewed clinical trials and has shown to be effec-
tive against certain HPV strains as well as causing little to no long-term side

effects ...” (OP 80)

OP 71 focused on her recent diagnosis of a high-risk strain of HPV and inquired about
how to prevent her male partner from being infected. Four comments presented misleading
or misinformation about HPV. One comment stated ‘It’s HPV, no symptoms - no problem.
Do whatever you feel like doing.” Another comment suggested to not be concerned be-
cause “ ...you can develop cancer with other things way worse than having sex.” Other
comments stated there was no way to test for HPV and that it is a temporary condition with-
out acknowledging that HPV does not clear for all individuals. Three comments focused on
correcting the misinformation presented in thread. For example, one commenter checked
the history of comments left by the individual who stated “no symptoms - no problem”
and identified that the individual frequently posts this and proceeded to correct information
presented by other commenters. Finally, OP 90 sought a crowdsourced diagnosis for their

symptoms. The OP was subsequently diagnosed with genital warts by the commenters.
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One comment contained misinformation.

“HPV has no way of being diagnosed and is usually asymptomatic. ... With
this disease you’re at risk for some cancers but like I said it is mostly asymp-

tomatic and you will have little to no problems with it.”

Four comments contained common misperceptions about HSV including that HSV-1
is limited to oral outbreaks (i.e., not genital) (OP 83, OP 28), HSV-1 always results in
noticeable symptoms during the primary infection (OP 54), and HSV does not remain

dormant for long periods of time (OP 54).

Three comments contained misinformation about transmission of STDs during oral sex.
These comments ranged from suggesting that the OP not be concerned about risk of STD
transmission during oral sex (OP 28) to suggesting no HIV risk resulting from oral sex (OP
28) to reassuring an OP that recently tested positive for a high-risk HPV strain that HPV
cannot be transmitted to her male partner during oral sex (OP 71). One comment corrected
the misinformation presented in the OP 28 thread stating “Some very bad advice in this

thread. Unprotected oral sex is NOT “safe sex.”.

Two comments contained misinformation about test window periods. In response to OP
9, which was concerned about the potential of an STD because of newly formed blisters on
the male poster’s genital area and sensitive lymph nodes after unprotected sex with a new
partner, a comment responded that it takes 3 months for a conclusive HSV test. Although it
can take up to several months for antibodies to develop, the comment doesn’t indicate that
the window period may be shorter based on each individual (misleading). In response to OP
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13 seeking information about whether a negative fourth generation HIV antibody/antigen
test at 74 days from exposure could be considered a true negative, a comment stated that
you must wait 96 days for a conclusive result. The window period for fourth generation

antibody/antigen test is one month.

Finally, one comment suggested “Chlamydia/gonorrhea can be cured by herbal medicine
called diuretic and anti-inflammatory pill http://www.diureticspill.com/ efficiently.” in re-

sponse to an OP 9’s concerns about transmission of chlamydia and gonorrhea.

In general, misinformation was limited in the content reviewed during qualitative anal-
ysis, however, it seems particularly prevalent in discussions about transmission of STDs
during oral sex, test window periods, and general information about HSV and HPV. Some-
times the information was contested by other commenters who jumped in the conversation

to correct misinformation, however this did not always occur.

4.6.3.6 STD Types

OPs frequently mentioned specific STDs (n = 70; 77%) that they were either concerned
about, had previously been tested for, or were considering being tested for. Referrals to
specific STDs, in order of decreasing prevalence, included non-reportable STDs (n = 37;
53%), acute, reportable STDs (n = 16; 23%), and chronic, reportable STDs (n = 13; 19%).
Several OPs referred to other STDs including nongonococcal urethritis (n = 1), scabies (n

= 1), trichomoniasis (n = 1), and ureaplasma (n = 1).

Acute Reportable STDs. Eight OPs referred to chlamydia, five OPs referred to gonorrhea,

93



and three OPs referred to syphilis. Concerns about chlamydia included how to interpret raw
test results, uncertainty if treatment was effective, risk of reinfection while partner is being
treated, and risk of infection from unprotected sex (anal, oral, vaginal). Concerns about
gonorrhea included risk of infection from oral sex, uncertainty if treatment was effective, a
crowdsourced diagnosis, and inquiring about types of medications for treatment. OPs that
mentioned syphilis were seeking a crowdsourced diagnosis. OPs frequently described their

symptoms in an attempt to aid the commenters in their response.

Intermediate Non-Reportable STDs. Of the intermediate, non-reportable STDs, nineteen
OPs mentioned HSV, fifteen OPs mentioned HPV, and two OPs mentioned molluscum

contagiosum.

By and far, when OPs mentioned a word related to HSV, it was was because they were
crowdsourcing a diagnosis if their symptoms were indicative of HSV. Other concerns in-
cluded the benefits of treatment, if a confirmatory test is necessary to obtain treatment, how
to interpret raw test results, how to manage depression related to a diagnosis, dating, and
risk and transmission from protected and unprotected sex (anal, oral, vaginal), mouth-to-

mouth contact, and accidental contact with bodily fluids.

Similar to HSV, when OPs mentioned a word related to HPV, it was because they were
crowdsourcing a diagnosis if their symptoms were indicative of genital warts. Other con-
cerns included risk from oral sex, how to prevent transmission of a high-risk HPV strain,
and whether one should disclose to future partners that a previous partner was infected with

a high-risk strain of HPV. Only one OP focused on the HPV vaccination inquiring why it
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is necessary to do the entire series.

OPs that explicitly mentioned molluscum contagiosum were crowdsourcing a diagnosis

by providing a description and image of their symptoms.

Chronic Reportable STDs. Of the chronic reportable STDs, eleven OPs mentioned HIV
and two OPs mentioned hepatitis. OPs that explicitly referred to HIV were primarily con-
cerned about transmission, risk, and testing. OPs sought information about transmission of
HIV from blood-to-skin contact during protected sex and bodily fluids encountered during
non-sexual contact and oral sex. Information seeking for HIV testing focused on the win-
dow period during which an individual is infected but tests negative and reliability of home
HIV testing. Several OPs explicitly mentioned they were more concerned about STDs and
not HIV because did not seek information the risk of being infected by HIV is “infinites-
imally small.” Most users explicitly expressed anxiety when explicitly discussing HIV.

These OPs primarily reflected fear rather than a rational concern about contracting HIV.

“Now, my anxiety is kicking in. ASSUMING she’s HIV positive, am I at great
risk of getting it? I do not have any open wounds or sores. Also, I was wearing

a condom throughout the whole thing.” (OP 12)

4.6.3.7 Emotional Content

Twenty-two (26%) OPs contained content related to emotions. All of these OPs expressed
anxiety with one OP also expressing depression. Some of the language used in the OPs

” 13

characteristic of emotional content included words such as “worry”, “concern”, “beside
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myself”, “paranoid”, “depressed”, “scared”, “afraid”, “panic”, “anxiety”, “anxious”, and
“freak out.” Most OPs reflecting emotional content also contained a mention of HIV (n =

10) followed by HSV (n =9), and HPV (n =4).

Four OPs were anxious about the reliability of their negative test results, especially
about test window periods, for HIV, HSV, and STDs in general. For example, two OPs with
negative HIV test results were concerned if they were outside of the test window period.
Another example is OP 67, who tested twice for HSV IgG-class antibodies and, despite
having no visual symptoms, was “paranoid” because his raw results had varied between
the two tests. The OP inquired if he should pursue a Western blot test to further validate his
negative test results. Finally, OP 77 had symptoms including“spots on penis,” sore throat,
and swollen lymph nodes. Although he and his partner recently tested negative for STDs,
he wanted to know if anyone had a similar experience as he was “fairly concerned and

decided to get tested this week to clarify things.”

Two OPs with descriptions of symptoms similar to the common cold expressed concern
about being infected with oral chlamydia or gonorrhea. For example, OP 9 was “so beside
[him]self at the moment because he was “convinced that he definitely had something.” OP
56 acknowledged his symptoms could be due to a common cold and he may be a “worried

well,” but would appreciate any information nonetheless .

Four OPs were anxious about high risk encounters such as unprotected sex, casual
sex with strangers, and with a commercial sex worker. For example, OP 82 expressed

concerned because they had their first oral sex encounter with a partner who had a rash,
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which the partner informed were mosquito bites.

“Please help me I had my first ever hook up and now that it’s over I'm so
paranoid. ... We did oral for each other while I had a slight sore on my cheek.
Will I be safe? Do you think I will contract aids/std from this person? Does
this symptom correlate with aids or any stds? Better to [be] safe than sorry

since what’s done is done.” (OP 82)

OP 87 shared their concern about an encounter with a sex worker.

“...I gave oral sex to a prostitute before we got into the other stuff. She was on
the higher end of the spectrum so she seemed clean, but I’'m worrying nonethe-
less. I know HIV is almost impossible to get from oral, so I’'m not too worried
about that. I am worried about the other stuff though. How likely is it to get
STDs through oral sex? And what are the warning signs I should look out for

in the next few weeks?” (OP 87)

Two OPs were anxious because their partner disclosed their STD status or a new STD-
related infection. OP 30 described having unprotected sex with a partner who retrospec-
tively disclosed she was HSV-positive followed by unprotected sex with multiple partners
afterwards. The OP inquired if the antiviral medications his partner was taking during their

encounter would prevent transmission.

“I may have contracted herpes - going to the doctor’s tomorrow. Am I being
paranoid? So I had sex with this girl who insisted on not using a condom

97



...[She] disclosed that it was herpes, and that she has had it for a few years.
She did not tell me before, during, or after (well yeah a month after) the inter-
course. She had no visible signs of herpes, and she says that she doesn’t infect
others while she is under the pill treatment, but I am still scared as fuck. Can

anyone confirm/deny some of this?” (OP 30)

OP 54 expressed extreme distress about cold sores.

“Feeling depressed. ...I know this is rambling, but how do you move for-
ward? I’m basically thinking I can’t date anymore. I’m now so paranoid about
everything that I can’t even think about sex. I’'m afraid I’d give it to someone
else. At least I've lost 12 pounds because I haven’t been able to sleep for two

weeks.”

Three OPs were anxious about the possibility of transmission from unprotected oral
sex encounters. For example, OP 10 was concerned that he was infected with HIV from
an unprotected oral sex encounter with another male. The OP described uncontrollable

anxiety that kept him up at night.

“major HIV panic attack middle of the night ...I know the odds are very small
but I am panicking so much now I don’t know what to do. I will call my doctor
tomorrow morning but it’s 2:22 AM right now and I cannot bear to last through
the night like this. I don’t know why it’s so bad all of a sudden but everything
I read seems to point towards the fact that getting hiv from oral sex is not
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impossible, and that my symptoms are hiv symptoms. ...I don’t even know
what I expect from this but the anxiety is unbearable. I cannot do anything to

distract myself or fall asleep.” (OP 10)

Three OPs described hypervigilence or hyperinformation seeking. For example, OP 27
inquired about the risk of being infected by HSV from someone’s saliva during non-sexual
interaction (specifically someone’s saliva landing their lip while they are speaking). The
OP disclosed that they have obsessive-compulsive disorder and that “these sort of things
ruin me for days on end.” OP 35 described themselves as an “anxious person” and shared
that they had seen a doctor who diagnosed their symptoms as “idiopathic.” The OP found

it beneficial to write and share their “health anxieties” on the subreddit.

Four OPs mentioned emotional distress over symptoms that seem legitimately STD-
related. For example, “I’m freaking out sos” (OP 36) and “my anxiety is killing me now”

(OP 206).

4.6.4 Comparison of Qualitative and Quantitative Approaches

The themes uncovered by computational approaches (topic modeling) and qualitative ap-
proaches (open qualitative coding) are difficult to compare on a one-to-one basis because of
the granularity of detail that each method provides. In general, qualitative analysis allows
for a richer level of detail and deeper understanding of context than topic modeling, which
identifies main themes in text. However, for comparative purposes, we compared the top-

ics found using topic modeling to the broader themes found during qualitative analysis in
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an attempt to quantify the percent overlap. Additionally, we describe how the topics align
into the broader themes from qualitative analysis. We discuss reasons why discrepancies

between the qualitative analysis and computational approaches may have occurred.

The results of the computational approach are largely consistent the results from qual-
itative analysis with 71% agreement in broader themes. Topics from the computational
analysis overlapped with five out of the seven topics identified during qualitative analysis:
emotional content, health care interaction, information seeking, providing information, and
STDs. The chlamydia, HIV, HPV, HSV, intermediate STD, HPV, HIV, and molluscum con-
tagiosum topics in the OPs and acute STD, HPV, HSV, intermediate STD, and molluscum
contagiosum topics in the comments align with the the theme of STDs. The crowdsourcing,
information seeking, sex with sex workers, symptoms, risk, and testing topics in the OPs
align with the theme of information seeking. The diagnosis, provider referral, risk, skin
irritation, symptoms, and testing topics in the comments align with the theme of providing
information. Finally, there are elements of the health care interaction and emotional con-
tent themes in the crowdsourcing, information seeking, and testing topics (e.g., the words

‘concerned’, ‘doctor’, ‘got_tested’, ‘results’, and ‘scared’).

The two themes that were not found during topic modeling were decision making and
misinformation. We hypothesize this is because (a) OPs rarely follow-up with their decision
making and (b) identifying misinformation is difficult because identification of incorrect

information, at least in this context, requires a human-in-the-loop.

While the computational approach gives a high-level idea of the r/STD community,
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qualitative analysis allows for a more nuanced view of the behaviors of the community.
Future research should explore whether identification of health misinformation is compu-
tationally possible. One potential path forward could be to use semantic textual similarity
to compare layperson text with text from an authoritative source (such as the CDC). A

limitation to this approach is the contrast between layperson and expert language.

4.6.5 RQ3: Psycholinguistic Properties

Overall, OPs primarily focused on cognitive processes (M = 13.17%, 95% CI [12.83,
13.52]) using present focus (M = 11.59%, 95% CI [11.30, 11.90] and describing biolog-
ical processes (M = 8.98%, 95% CI [8.55, 9.40]. We suspect this reflects OPs’ focus on
presenting symptomology and crowdsourcing information about transmission and diag-
nosis. OPs commonly made references to a specific or relative time (M = 6.34%, 95%
CI [6.12, 6.56]). There was less emphasis on past (M = 5.34%, 95% CI [5.15, 5.52]) and
future focus (M = 0.87%, 95% CI [0.78, 0.96]) than present focus in the OPs. The affect,
or emotional tone, was surprisingly low for the OPs (M = 4.31, 95% CI [4.09, 4.53]) de-
spite one of the community’s stated objectives being to “calm the anxiety” associated with
a potential STD. However, LIWC is a word count software and can only measure directly
observable emotional content by counting word frequency using a lexicon and is unable
to decipher implied emotional tone. For example, the following would receive a score of
4.17% for affect although it is obvious to the human reader that the person is experiencing

severe distress.
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“...I'then got obsessed into the world of STDs and have studied (literally spent
probably days at this point) researching everything I could. I could talk about
why the fuck no one (particularly school) has any ever told me about window

b

periods, incubation periods, chances of transmission, etc. ...’

4.7 Discussion

r/STD is primarily a transient community, where most OPs make a one-time post to elicit
information. The most common type of information OPs seek is a crowdsourced diagnosis.
OPs describe their symptoms and often provide an image to aid commenters in diagnosing
if they potentially have a STD. By and far, the OPs are mostly concerned about skin-to-skin
infections such as HPV, HSV, and molluscum contagiosum, the most prevalent STDs in the
U.S. OPs range in their interactions with health care coming to r/STD as either a first or

second opinion.

In comparison to crowdsourcing a diagnosis, inquiring about other types of informa-
tion is limited. Most OPs seek information about the risk, transmission, and presentation
of HPV and HSV. Another common pattern is the uncertainty associated with the risks
of oral sex (especially for chlamydia, gonorrhea, and HIV) and test window periods (es-
pecially for HIV). Comments focus on providing information in response to the OP and
occasionally share online resources. The most common online resource is from a trusted
information source followed by an advocacy or support organization (at the surface-level

these organizations do not appear to be providing misinformation). Only a handful of re-
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search articles are shared. We hypothesize this is because (a) most are not open access
and (b) the language used is beyond layperson terminology. Most OPs and comments
rarely mention preventative efforts. In general, misinformation was limited in the content
reviewed during qualitative analysis and online resources that were shared. However, as
mentioned previously, there is confusion about transmission of STDs from oral sex, test

window periods, and general information about HSV and HPV.

Contrary to the stated mission to help “calm anxieties” most OPs do not explicitly ask
for emotional support, however, it is clear from the qualitative analysis that many OPs
experience anxiety related to concerns about risk and transmission from high risk encoun-
ters and symptoms that the OP views as potentially STD-related. OPs are also anxious
regarding interpretation of test results ranging from interpreting raw test results to trusting
negative results are not false negatives. Finally, several OPs in the qualitative analysis were

seeking information at a level that interfered with their daily activities.

4.7.1 Health Information Seeking Models

This study used an atheoretical, bottom-up approach to examine the recent activity and
content on 1r/STD. Rather than base our analysis on pre-conceived beliefs about the con-
tent, we used a data-driven approach to identify major themes discussed on r/STD. We
compare our results of the data-driven approach to the health information seeking models
presented in Chapter 2, which were primarily built to analyze individual-level survey or

interview data with structured questions allowing for testing of formal hypotheses or elici-
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tation of evidence to support working hypotheses. More specifically, below we discuss (1)
the limitations of the RISP (see Figure 2.3), HIAM (see Figure 2.1), ECMISB (see Fig-
ure 2.2) for the passively collected data from 1r/STD, (2) how the CMIS (see Figure 2.4)
could potentially be operationalized for future studies with r/STD or similar data from on-
line communities, and (3) the suitability of current health information seeking models for

1r/STD or similar data from online communities.

Key components (individual characteristics, individual beliefs, and perceived informa-
tion gathering capacity) related to an individual’s health information search according to the
RISP would be difficult to operationalize using passively collected data from r/STD. Simi-
larly, the HIAM focuses on a sequential search process, which is difficult to elicit from the
passively collected r/STD data. The sequential process could potentially be operationalized
by examining an OP’s posting history. However, there are a number of serious limitations
associated with that including usage of accounts created specifically for anonymity and
a low follow-up rate of response according to our qualitative analysis. Operationalizing
the HIAM model would be more suitable for other types of passively collected social data
(e.g., individual-level, temporal search engine query data). Finally, the ECMISB integrates
contextual and personal demographics into the model, which are difficult to elicit from
passively collected Reddit data. OPs are often one-time posters and we can’t infer the con-
textual variables that affected their information search unless they explicitly share them.
Additionally, unlike other forms of social media, Reddit user names are often not distin-
guishable for gender references and “profiles” are only a legacy page of all posts (i.e., they

do not necessarily contain information about the user). Operationlizing the ECMISB may
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be better suited for survey or interview data, where questions could elicit the contextual

and personal demographics.

According to the CMIS, information seeking actions are the active, purposeful search
for information. Although we cannot determine the process an OP takes in their informa-
tion search, we can operationalize the purpose of seeking information leveraging the com-
putational and qualitative approaches in this study. For example, topic modeling combined
with regular expressions of STD mentions can identify the types of information sought by
the OP. As discussed earlier, the gold-standard for the passively collected r/STD is human
annotation of the types of information the OP seeks because it allows for a richer level of
detail. In the subsample for qualitative analysis, 97% of OPs were seeking information,
which is in accordance with the qualitative review done during the labeling of topics that

the topic model uncovered.

Antecedents, as identified by the CMIS, could potentially be determined using quali-
tative analysis, but are difficult to capture using a computational approach because of the
nuance of language. Here, we focus on how these could potentially be identified or opera-
tionalized during a qualitative analysis. Demographics could be captured if an OP explicitly
mentions their identifying information. Occasionally, OPs mention their gender, however,
most OPs do not. Gender was often implied by the image or description of their symptoms
(e.g., bumps on penis) that the OP provided. Experience is the proximity of the OP to dis-
ease. We found evidence during our qualitative analysis that most OPs are in the third and
fourth stage of proximity of disease, where they are either confronted with the possibility

of being infected with a STD (third) or have received a confirmatory diagnosis of a STD
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(fourth). Evidence of salience or perceived risk is often obvious because the OP states
the relevance of their concern(s). OPs occasionally identify their beliefs when discussing
their perceived severity, social risk, or level of control. The fact that these characteristics
are difficult to capture computationally is logical given that these models were designed
to primarily be used with survey or interview data with structured questions to elicit an

individual’s characteristics and behavior.

Another input into information seeking actions, as identified by the CMIS, is the char-
acteristics of the information carrier. Unfortunately, there is not a way to identify this for
each user based on the text data itself. However, r/STD offers a number of attractive fea-
tures including accessibility, simulating face-to-face interactions with others without social

risk, and near real-time information.

By characterizing r/STD, we find evidence of Kuhlthau’s “uncertainty principle”, which
posits that uncertainty increases anxiety and reduces confidence [25]. Itis clear and implied
in the OPs that uncertainty results in increased anxiety and contributes to their search for
information as a problem- and emotion-focused coping strategy. We also observed that the
commenters engage with OPs by providing information, diagnoses, support, and sharing
online resources similar to online support communities. Ultimately, acquiring new infor-
mation from r/STD may modify an individual’s beliefs, attitudes, and decisions to seek
treatment, inform about risk, and provide resources to support behavioral changes [24].
Occasionally, the OP provides a follow-up where they discuss the behavioral implications
of the comments and, in these cases, the CMIS could be thought of as an input into the

HBM.
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Computational analysis can identify a high-level view of the content of information
seeking actions. However, current health information seeking models were primarily de-
veloped for analysis of individual-level data obtained from surveys, in-depth interviews, or
focus groups. In comparison to health information seeking field, infodemiology is a rel-
atively new field. Health information seeking models that account for passively collected
data have yet to be developed, but development of such models, specific to the today’s
rapidly changing information environment, would be beneficial for comparison across plat-

forms.

4.7.2 Research and Practical Implications

As the Institute of Medicine stated and the CDC reiterated in their most recent surveillance
report, STDs remain “hidden epidemics of tremendous health and economic consequence
in the United States [177, 175].” Despite this, resources for STDs are dwindling requir-
ing innovative strategies for public outreach [175]. A key contribution of this study is
characterizing recent online health information seeking and needs of the r/STD commu-
nity, a previously unstudied online community. Although the number of individuals in our
study is limited, the affected audience is likely much larger because of passive viewing of
content. Our findings indicate the prevalence of sexual health information crowdsourcing
on the r/STD social media platform and highlights the potential to aid in targeted health

communication.

STDs carry differing experiences in symptomology, fear, uncertainty, stigma, and per-
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ceptions of risk [212]. These various risk perceptions likely contribute to intention of ac-
cessing the health care systems for subsequent testing and treatment [213]. For those who
do not have routine access, the uncertainty is likely heightened [213]. The ability to access
‘lay health expertise’ through unofficial online sources may contribute to the decision to
seek care and is an area of needed future study, particularly as it relates to credibility of

these sources.

It is imperative for researchers and public health officials to understand the cultural
norms and information needs of an audience in order to create effective, tailored health
communication specific to an online community. Beyond tailoring health communication,
monitoring of social media may be an effective, innovative strategy to complement and
modernize traditional surveillance methods that rely on individuals accessing health care
or participating in studies [175, 56]. This information can be valuable for health commu-
nication efforts to correct misunderstandings about transmission of STDs, combat stigma-
tization, encourage appropriate testing and disclosure, and supply credible resources. For
example, r/STD would most likely be interested in information about risk and transmission
during oral sex, risk and transmission of HPV and HSV, and test window periods for vari-
ous STDs. This information could be used to create engaging infographics, since they are
focused on defining many of these concerns numerical, that would inform this community
about some of their top concerns [214]. Furthermore, monitoring may inform public health
officials of trending concerns and information about emerging STDs such as mycoplasma

genitalium.

Future research needs to take into consideration the immense power of online commu-
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nities in influencing health seeking behavior and wellness, especially in vulnerable popu-
lations, and temporal changes in the public’s information needs. According to Flanders et
al. (2017) [188], .. .1t is important to understand the different needs of different groups of

people in relation to online sexual health information to better tailor online resources.”

4.7.3 Limitations

Since users of r/STD do not need to identify demographic information, the true demo-
graphic is unknown and we caution in making inferences beyond this community. We
acknowledge that there may be other subreddits where sexual health is discussed. We did
not account for phonetic spellings or slang terms. This could impact our analysis, however,
this was not prevalent in the aforementioned analyses, so we suspect this has a negligible
effect on the overall interpretation. Finally, qualitative labeling of the topics from the topic
model was conducted by one person, therefore a measure of inter-rater reliability is not

available.
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Figure 4.2: Term frequency (tf) of original posts and comments.
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Figure 4.3: Term frequency-inverse document frequency (tf-idf) of original posts and com-
ments.
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Figure 4.4: Types of online resources shared in posts.
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Figure 4.5: Types of online resources shared in comments.
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CHAPTER 5

GENERAL DISCUSSION AND CONCLUSION

In the final chapter of this dissertation, I summarize previous chapters and contributions,
discuss relevant implications, and acknowledge the limitations of the approaches used in
this dissertation. Additionally, I discuss opportunities for future work to build on this dis-

sertation and outline several fertile areas for future research.

5.1 Summary of Chapters and Contributions

In Chapter 1, I set the stage for this dissertation. Motivated by the need for data-driven
health communication, I explained how infodemiology could be a potential strategy for
supporting tailored health communication. Traditionally, health communication used a
top-down approach to determine what information is most beneficial to the consumer. By
leveraging the digital footprint left behind from online information seeking, the public can
be passively involved in the development and dissemination of health communication. An
additional benefit of such an approach is the reduced resources needed to examine the
abundance of data generated by online interactions in near real-time, which can supple-
ment more traditional methods of tailoring health communication that are often resource-

intensive and lag in time.
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In Chapter 2, I first provide a general backdrop for online information seeking fol-
lowed by identifying existing models of health information seeking from a review of health
behavior, health information seeking, and human information interaction literature. It is
clear from the review that the existing health information seeking models were developed
primarily based on historical information carriers, such as providers or newsprint, using
individual-level data. I reflect upon how these models could be operationalized for the case
studies and the need for development or expansion of models that capture the contemporary
information field in the discussion of the two case studies in Chapters 3 and 4. Finally, I
describe the state of the field of infodemiology and it’s application to infectious diseases,
chronic diseases, behavioral health issues, and mental health issues. In doing so, I identify

reproductive and sexual health as an understudied application.

In Chapter 3, I focus on the first case study, which examines online information seeking
for contraceptives during a period of heightened uncertainty regarding healthcare reform in
the U.S. To motivate this case study, I explain the burden of unintended pregnancies in
modern-day society and the cost-effectiveness of contraceptives revealing that the IUD is
one of the most effective (for both cost and prevention of untended pregnancies) contra-
ceptives available. I then provide an overview of the contraceptive mandate included in
the ACA and the ongoing political battle over healthcare reform in the U.S., which creates
uncertainty surrounding the future of the contraceptive mandate. I contribute empirical
findings showing that Americans were searching for information about IUDs at an un-
precedented volume. The etiology of the shift is not clear from the aggregate data, but

I find supporting evidence that IUDs may be seen as a way to confer protection during
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the uncertain climate of U.S. healthcare reform. I situate these findings by comparing the
results to an analysis performed by an EHR management company that concluded IUD-
related visits were elevated, which is consistent with my findings. Finally, I discuss how
existing health information seeking models could be operationalized and the limitations of

aggregate search engine query data in the framework of existing models.

In Chapter 4, I focus on the second case study, which examines online information
seeking for STDs. To motivate this case study, I describe the recent increase in STD rates
and burden on the healthcare system in the U.S. I then discuss the attractiveness of the
online community, Reddit, for health information seeking and recent interest from medical
librarians to utilize Reddit as a platform for health communication. A key contribution
of this case study is characterizing recent online information seeking and health needs of
the r/STD community, a previously unstudied online community. From empirical find-
ings, I contribute insights about the community’s most salient information needs and types
of online resources that are shared on the platform. Additionally, I compare results of a
computational approach to identify prevailing latent themes in the data, specifically topic
modeling, to those uncovered by qualitative analysis performed on a subsample of the data
to examine agreement between the two methods. Similar to Chapter 3, I discuss how ex-
isting health information seeking models could be operationalized and the limitations of

anonymous online text data in the framework of existing models.

This brings us to the current chapter, Chapter 5, where 1 reflect on the research pre-

sented in this dissertation along with opportunities for future work.
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5.2 Discussion

Although many people prefer to obtain reproductive and sexual health information from a
healthcare provider, they often turn to the Internet as their first source of information given
the sensitivity of these concerns. This makes online information seeking ripe to examine

the salient information needs of the public.

From the case studies presented in this dissertation, we identified temporal trends and
salient content of information seeking for reproductive and sexual health. As described
earlier, using a counterfactual scenario simulated by an ARIMA model, I found evidence
of unprecedented search engine queries related to IUDs originating from the U.S. in re-
sponse to heightened uncertainty of U.S. healthcare policy [215]. Using multiple text min-
ing approaches, I identified salient content for information seeking of STD-specific Reddit
platform, r/STD. In particular, individuals most commonly seek information about HPV,

HSYV, test window periods, and risk and transmission of STDs during oral sex [216].

Although both studies utilized an atheoretical approach to examine online information
seeking, I found supporting evidence of experience (either confrontation of out-of-pocket
costs or potential symptoms of an STI) and salience (either external uncertainty of health-
care reform or internal uncertainty of risk from an encounter) as a unifying motivators for
active information seeking. This is consistent with other studies that indicate higher rates of
information seeking are related to heightened uncertainty [158], which supports Kuhlthau’s
“uncertainty principle” that uncertainty increases anxiety and reduces confidence [25]. On-

line information seeking may be seen as a way to gain control during periods of uncertainty
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(for both external and internal contributors to uncertainty) [149].

Ultimately, new information acquired from online information seeking may inform
an individual about their level of risk and provide resources to support medical decision-
making or behavioral changes [24]. However, due to the limitations of passively collected
aggregate data, we cannot ascertain if their search did indeed result in changes to health
behavior or medical decision making. That said, searches have been found to predict be-
havior such as medical testing [104], and at minimum show engagement during periods of
uncertainty. Active information seekers are most influential to health behavior changes, so
it would be advantageous to not only supply health communication using online resources
but also to tailor it to real-time, salient information needs. I further reflect on the potential

promise of these methods for tailoring health communication in the future works section.

5.2.1 Limitations

Both online platforms used in this study - Google Trends and Reddit - only track a segment
of the population that use these particular services [26], therefore we do not claim to model
information needs for all individuals in the U.S. and caution against making inferences
about the general public. However, studies such as these do give insight into the segment
of the population that are likely to use the Internet to seek online information making
this population opportune for online health communication. A limitation for both case
studies is the lack of detailed information on the individuals, so we can not track individual-

level characteristics that may contribute to active online information seeking. Finally, it is
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unclear if the active information seeking resulted in a change in health behavior or medical

decision making.

5.3 Opportunities for Future Work

Beyond identification of temporal trends and content analysis, I identify several areas ripe

for future exploration in the following subsections.

5.3.1 Identification of Misinformation in Online Content

One area worthwhile for further exploration is automated identification of inaccurate in-
formation that is presented as factual. Although this particular type of misinformation was
rarely identified in the qualitative coding of the subsample of r/STD data, it may be more
readily apparent in a larger sample or for a different health issue. In the future, I believe
this could be explored using semantic textual similarity (STS), which measures the degree
to which two sentences are semantically equivalent (capturing gradations of similarity) us-
ing sentence-level comparison between layperson text and expert text from authoritative
resources. Unfortunately, STS is not trivial and is a significant, ongoing research task,
especially for non-English languages [217]. An additional layer of complexity for this par-
ticular proposed task is the comparison between the presentation of information from a

layperson versus an expert.

The benefit of such a task is automated identification of the public’s misunderstandings.

If we can better understand the misconceptions and misunderstandings, then health com-
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munication could be tailored to combat this particular type of misinformation. Similarly,
this methodology could be applied to compare information available in the shared online
resources to authoritative text to identify websites containing misinformation. Users often
have trouble evaluating the quality and credibility of information encountered and incor-
porating the information into their decision-making. For example, studies have shown that
health blogs are perceived as containing credible content [218]. Based on this, we can
better understand deficiencies in digital health literacy to tailor health communication and

education.

5.3.2 Identification of Misdiagnosis in Online Content

Another area for future exploration is identification of misdiagnosis. OPs posting on r/STD
frequently shared a visual image of their symptoms when inquiring about a crowdsourced
diagnosis. Many commenters focused on providing a diagnosis in return. This dissertation
did not look at identifying misdiagnosis. Future work could focus on identifying commonly
“misdiagnosed” STDs to identify deficiencies in the public’s knowledge of STD sympto-
mology. To do this, an expert could label the visual symptoms of an infection, which in
turn could be compared to the commenter’s crowdsourced diagnoses. If comments and
expert diagnosis differ, especially if they differ for a specific STD, this could identify a
gap in consumer’s knowledge of symptomology; in other words, a need for further health
communication. Using this knowledge, health communication could be tailored to provide

information to fill the identified knowledge gaps regarding symptomology of STDs.
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5.3.3 Leveraging Digital Knowledge to Tailor Health Communication

A vast amount of digital data is left behind from online health information seeking. These
digital footprints present the opportunity to identify and address trending, salient infor-
mation needs. Health communication has traditionally taken a top-down approach, where
health communicators assume the audience is a passive recipient of information and decide
the content the audience should receive, which is in turn is delivered by generic messages
to large segments of the population [219]. Such approaches often have low success rates
for changes in health behavior [220]. These approaches result in a persuasive, one-size-
fits-all message, however, a pitfall of this approach is that it does not explicitly consider
active information seekers that are looking for specific information to meet specific needs
[20, 27]. Assuming any audience, not just active information seekers, will utilize available
authoritative information or apply a one-size-fits-all message in decision making and health
behavior change is a fallacy [221, 222]. Active information seekers are the most likely to
have a need for information [223] and are more likely to alter health behavior or medical

decision making based on the information they find during their search [20, 224, 225].

In contrast to campaigns that are developed for an entire segment of the population,
tailored communication focuses on approaches that consider unique characteristics of an
individual and their situation [226, 20, 227, 228] to “...meet the user on the user’s terms
...[229].” This increases the perception that the message is relevant to the individual,
which consequently increases the chance it is read, enhances persuasion, and creates an en-

vironment suitable for behavior change [221, 219]. Despite tailoring being a more effective
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form of health communication, it seldom occurs in practice [219, 221].

Tailored health communication has been through multiple iterations of refinement. The
first generation of tailored communication consisted of tailored print communication [219].
The second generation consisted of web-delivered or computer-tailored interventions [230,
221]. These interventions provide participants with tailored feedback after an online as-
sessment or tailored content to achieve the participant’s specific health goals and range
from self-guided to health professional-guided modules mostly provided online [221]. Al-
though evidence suggests that computer-based tailoring is cost-effective [228], these cam-
paigns are time- and resource-intensive to collect information about participants’ needs.
The particular emphasis on the cost of resources to design such programs is not a trivial
consideration, especially given fiscal cuts to public health programs [175]. Creating en-
gaging, relevant, and timely health communication is difficult and, as documented by years
of research, often ineffective [231]. It is critical that we consider innovative approaches
to health communication that overcome these limitations, especially when the budgets of

public health programs are becoming evermore squeezed.

Recently there have been calls in the health communication community to involve the
audience in tailoring the messages. Typically, identifying information needs has been done
using in-depth interviews, surveys, or focus groups. However, the infodemiology commu-
nity has been working on analyzing trends in search engine queries and public discourse
in social media using a bottom-up, data-driven approach for a number of years. For exam-
ple, computational approaches have been used to examine public discourse on a variety of

issues related to infectious disease, chronic disease, behavioral health, and mental health.
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Infodemiology combined with a qualitative review of a sample of data could provide a
robust picture of online health information seeking behavior and needs to develop timely,
engaging, and relevant health communication. Furthermore, deriving information needs
using a bottom-up, data-driven approach allows discovery of layperson language. Using
language consistent with a consumers’ level of communication could potentially ensure
that the consumers are not cognitively overloaded [231]. One of the highlights from the
2018 Agents of Change Summit, which focuses on using marketing and technology to
change peoples health behaviors for social good, is the conclusion that it is necessary to
“understand the best day of the week/time to post content . .., cultivat[e] an understanding
of who your audience is, what is important to them, and what type of information they need

from you [to] transform your content and the way you use your digital tools [232].”

Online health information seeking is ubiquitous and its time to rethink and create in-
novative ways to disseminate health information to the public. The Internet offers an op-
portunity for health communication outside of the traditional health care setting [233]. For
example, social media has a number of attractive features for delivery of health communi-
cation including large audiences, high engagement and retention rates, and users that are
actively engaged [234, 235, 236]. The use of social media as health communication tool
is a current research interest [237] and social media has already been adopted many local
public health departments across the U.S. [238]. As a matter of fact, some organizations
such as the Atlanta Community Food Bank, are already using data-driven approaches to
examine public discourse and adjust their social media strategies [239]. In an era of limited

resources, it’s critical to examine all methods that may be used to monitor and improve
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public health.

5.4 Concluding Remarks

In summary, the main contribution of this dissertation is extracting recent information needs
for reproductive and sexual health using novel online data sources thereby filling a gap in
existing infodemiology literature. More specifically, this dissertation makes three contri-
butions to the infodemiology community. First, I identified and addressed a literature gap
related to reproductive and sexual health in the field of infodemiology. Second, I identi-
fied online information seeking behavior in response to changing healthcare policy. More
specifically, I identified unprecedented information seeking for IUDs in response to in-
creased uncertainty in U.S. healthcare policy reform. Finally, third, I identified salient
information needs related of a previously unstudied online community. More specifically,
I identified salient information needs related to sexual health and STDs on the subreddit
r/STD. In doing so, I also identified online resources that are being shared by consumers,
which has been understudied in public health. Both case studies contribute knowledge
about reproductive and sexual health information seeking to the infodemiology commu-

nity.

This dissertation only scratches the surface of infodemiology for reproductive and sex-
ual health. Due to the sensitivity of these issues, many people choose to turn to the Internet
for information. The opportunities to examine and learn about human behavior by leverag-

ing digital footprints left behind from online information seeking are vast. My long-term
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research agenda is focused on leveraging the digital footprints left behind when searching
for information related to health or emergency events, such as natural disasters, to monitor
and learn about human behavior. I believe that data-driven approaches to examine online
information seeking can result into insights into human behavior that were previously only
attainable through time- and resource-intensive focus groups, in-depth interviews, or sur-
veys. I also believe infodemiology holds promise to complement more traditional methods
of data collection, in near real-time with minimal resources, to reveal and meet informa-
tion needs of the public outside of the traditional health care setting. Finally, data-driven
approaches to mine patterns of information seeking across platforms can be useful in con-

structing hypotheses, which can then be evaluated and established into verified theories.
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APPENDIX A

STATE-LEVEL TEMPORAL VISUALIZATIONS
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Figure A.1: Temporal Visualizations of States
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Figure A.1: Temporal Visualizations of States (cont.)
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Figure A.1: Temporal Visualizations of States (cont.)
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ONLINE RESOURCES SHARED ON R/STD

APPENDIX B

Domain

Category

No. of Posts

advancefornp.com

professional education/organization

aidsmap.com

informational site (std)

amazon.com

online store

anonimag.es

image hosting

arhp.org professional education/organization
ashampoo.com image hosting

ashastd.org informational site (std)
askthedoctor.com expert Q & A

atoute.org unknown

baymoon.com unknown

californiaherpes.com

testing center

cdc.gov

government resource

cityofchicago.org

government resource

com.s3.amazonaws.com

image hosting

cotbox.moe

image hosting

curezone.org

alternative medicine site

eroshare.com

image hosting

greenjournal.org

informational site (reproductive health)

(SN | ST IS I NS IS Y IS [ TS I N e N e i e el s Y S TS IS

gyazo.com image hosting

hercampus.com lifestyle site

herpesdatingsupport.com herpes dating and support

ibb.co image hosting

imgsafe.org image hosting

imgur.com image hosting 393
justanswer.com expert Q & A 1
liveherpesvaccine.com herpes vaccination site 1
medhelp.org social Q & A 1
meetup.com support group 1
mocha.us herpes vaccination site 1
mylabbox.com online testing 1
nih.gov research article 2
OHIV.org informational site (std) 1
patient.info social Q & A 1
plannedparenthood.org informational site (reproductive/sexual health) | 1
postimg.org image hosting 6
pratscr.com image hosting 1
puu.sh image hosting 1
quora.com social Q & A 1
reddit.com social Q & A 8

Continued on next page
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Domain

Category

No. of Posts

wikimedia.org

wiki

womenshealthchannel.com

informational site (women’s health)

researchgate.com research article 1
sli.mg image hosting 2
smh.com.au news 1
stdaz.com online testing 1
stdcheck.com online testing 3
texas.gov government resource 1
thebody.com informational site (std) 1
thebodypro.com informational site (std) 1
tinypic.com image hosting 3
tumblr.com image hosting 1
vgy.me image hosting 1

1

1

1

yourstdhelp.com

online testing

Table B.1: Top-level domains of online resources shared in original posts.
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Domain

Category

No. of Comments

aafp.org professional education/organization
about.com informational site (general health)
acog.org professional education/organization
advocatesaz.org advocacy organization
aidsvancouver.org informational site (AIDS)

anal-fissure.org

support forum

anxietycentre.com

informational site (mental health)

ashasexualhealth.org

informational site (sexual health)

askexpertsnow.com

expert Q&A

i-base.info informational site (STDs)/advocacy
brown.edu student health services
cdc.gov government resource 5

checkhimout.ca

informational site (men’s health)

compareshack.com

online testing

craveonline.com

lifestyle website

cupidslibrary.com dating site

cure4hpv.com unknown

diureticspill.com unknown

drugs.com informational site (medication)
ehealthforum.com expert Q&A

everydayhealth.com

informational site (general health)

familyeducation.com

informational site (family health)

gyazo.com image hosting

healthline.com informational site (general health)
herpes.org.uk informational site (STDs)
herpesite.org informational site (STDs)/support
herpesopportunity.com informational site (STDs)/support

hivlawandpolicy.org

informational site (HIV)/advocacy

hollywoodclinic.net

urgent care center

hopkinsmedicine.org

university medical center

hpsc.ie

government resource

hpvandme.org

informational site (STDs)/support

hsvfish.com

dating site

hsvsingles.biz

dating site

hubstatic.com

image hosting

I ) e ) e B B B S L Y e B B Y B S TR YOS T NS T Y I Y I Y Y I e ) Y Y B Y B NS T g I

ibb.co image hosting

imgur.com image hosting 73
inspire.com support site 1
iocdf.org informational site (mental health) 1
jamanetwork.com research article 1
juntoscontraloshongos.com | unknown 1
labtestsonline.org online testing 1
liveherpesvaccine.com herpes vaccination site 1
livescience.com informational site (general) 2
Imgtfy.com unknown 2
lww.com research article 1
medhelp.org social Q&A 4
medicalnewstoday.com news (health) 1
medicinenet.com informational site (general health) 1
medlineplus.gov government resource 2
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Domain

Category

No. of Comments

medscape.com news (health) 4
mens-health.sg health clinic (men’s) 1
mylastoutbreak.com support site 1
naturalthrifty.com lifestyle website 1
nccc-online.org informational site (cervical cancer) 1
neatclub.org dating site 1
netdoctor.co.uk informational site (general health) 1
nhs.uk government resource 2
nih.gov research article 2
oxfordjournals.org research article 1
pastebin.com unknown 17

paythebestprice.com

coupon site

pinimg.com

image hosting

plannedparenthood.org

informational site (reprodutive/sexual health)

postimg.org

image hosting

poz.com

informational site (HIV/AIDS)

prepfacts.org

informational site (PrEP)

prostatitisradicalcure.com

alternative medicine

reddit.com

social Q&A

slidesharecdn.com

image hosting

smartsexresource.com

informational site (sexual health)

std-gov.org informational site (STDs)
stdcheck.com online testing
teed.io link sharing

tinypic.com

image hosting

topherpesdatingsites.com

dating site

toppcock.com

online store (personal care)

treatcurefast.com

informational site (general health)

treatnheal.com

informational site (general health)

trojanbrands.com

condom brand’s site

tumblr.com image hosting
tyginta.com online store (genital wart removal)
unsee.cc image hosting

visual-science.com

informational site (general)

washington.edu

university informational site

westoverheights.com

informational site (STDs)

who.int

health organization

wikipedia.org

wiki

womenshealth.gov

government resource

youonlywetter.co.uk

online store (adult toys)

youtube.com

video hosting

B o= =] QO = B DI =] QI =] =] e | = QO] | | | OO b | [ [ [ e | DD b | DN | =

Table B.2: Top-level domains of online resources shared in comments.

137




APPENDIX C

SUB-CODES FROM QUALITATIVE ANALYSIS

Theme Sub-Code

Does not intend to see a provider

Sees a provider or is tested

Decision Making Intends to see a provider
Decides that it is not a STD
. Anxiety
Emotional Content Depression

Seeks first opinion prior to seeing a provider

Seeks second opinion after seeing a provider

Health Care Interaction ["\fendons testing or diagnosis status

Waiting on a scheduled appointment

Seeks information about dating with an STD

Seeks a crowdsourced diagnosis

Seeks information about dating and disclosing STD status

Nonspecific

Asks others to share their experience

Information Seeking Seeks information about prevention

Seeks information about providers

Seeks information about symptoms

Seeks information about testing

Seeks information about transmission or risk

Seeks information about treatment

Corrects misinformation

Misinformation Presents misinformation

Provides information to reduce stigma

Provides a diagnosis

Provides information about disclosing to a partner

Provides emotional support

Provides information about prevention

Shares personal experience

Suggests posting on different subreddit

Provides Information Suggests follow-up with a provider, testing, or treatment

Suggests original poster may need mental health support

Provides information about symptoms

Provides information about testing

Provides information about transmission or risk

Continued on next page
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Theme

Sub-Code

Provides information about treatment

Provides information about what kind of provider to see

STDs

Chlamydia

Gonorrhea

Hepatitis

Human immunodeficiency virus (HIV)

Human papillomavirus (HPV)

Herpes simplex virus (HSV)

Molluscum contagiosum

Mycoplasma

Nongonococcal urethritis

Scabies

Syphillis

Trichomoniasis

Ureaplasma

Table C.1: Themes and sub-codes of original posts and comments.
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