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Abstract

Objective: Digital media conversations can provide important insight into the concerns
and struggles of people with epilepsy (PWE) outside of formal clinical settings and help
generate useful information for treatment planning. Our study aimed to explore the big
data from open-source digital conversations among PWE with regard to suicidality,
specifically comparing teenagers and adults, using machine learning technology.
Methods: Advanced machine-learning empowered methodology was used to mine
and structure open-source digital conversations of self-identifying teenagers and
adults who endorsed suffering from epilepsy and engaged in conversation about sui-
cide. The search was limited to 12 months and included only conversations originat-
ing from US internet protocol (IP) addresses. Natural language processing and text
analytics were employed to develop a thematic analysis.

Results: A total of 222 000 unique conversations about epilepsy, including 9000
(4%) related to suicide, were posted during the study period. The suicide-related con-
versations were posted by 7.8% of teenagers and 3.2% of adults in the study. Several
critical differences were noted between teenagers and adults. A higher percentage
of teenagers are: fearful of “the unknown” due to seizures (63% vs 12% adults),
concerned about social consequences of seizures (30% vs 21%), and seek emotional
support (29% vs 19%). In contrast, a significantly higher percentage of adults show
a defeatist (“given up”) attitude compared to teenagers (42% vs 4%). There were
important differences in the author's determined sentiments behind the conversations
among teenagers and adults.

Significance: In this first of its kind big data analysis of nearly a quarter-million
digital conversations about epilepsy using machine learning, we found that teenag-
ers engage in an online conversation about suicide more often than adults. There are
some key differences in the attitudes and concerns, which may have implications for

the treatment of younger patients with epilepsy.
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1 | INTRODUCTION

According to the World Health Organization (WHO), around
50 million people worldwide have epilepsy, making it one
of the most common neurologic disorders." Suicide accounts
for a large proportion of preventable deaths in epilepsy2 and
the estimated annual rate of suicide among adults with epi-
lepsy is 22% higher than in the general population.’ The rate
for suicidal ideation in a structured interview study in youth
with epilepsy was reported as 20%.* A metanalysis of 51 216
people with epilepsy (PWE) found that 188 individuals died
of suicide, which accounted for 32.5% of the deaths in this
cohort.” One of the major drivers of suicidal thoughts in PWE
is the high incidence of depression in this population.”® Such
trends have been noted in teenagers with epilepsy as well. In
a population study in Denmark, having epilepsy (among other
medical conditions) was identified as one of the risk factors
for suicide attempts in youth, which remained a major risk
factor after adjusting for other relevant variables.”

Social media presents a novel opportunity for engagement
and interaction in a virtual environment. There are many recent
examples of successful uses of social media in healthcare re-
search.'®"? Some studies have explored the use of social media
by PWE to understand and explore their experiences and con-
cerns.' Teenagers are the most avid users of social media and
spend a substantial portion of their time on it.">1° However, to
the best of our knowledge, no previous studies have analyzed
the views, conversations, or sentiments expressed on digital
open-source conversations by teenagers with epilepsy, espe-
cially with regard to suicidality. Digital media provides data on
a large number of individuals of various age groups that can
help us contrast suicidality among teenagers and adults with ep-
ilepsy. Therefore, the purpose of our study was to analyze these
big data by mining digital open-source conversations from top-
ical sites, message boards, social networks, and blogs (the full
digital footprint) regarding suicidality among teenagers and
adults with epilepsy. The primary goal of our research was to
use these data to understand the mindset and sentiments about
suicidality among teenagers with epilepsy.

2 | METHOD
This study was approved by the Cleveland Clinic Institutional
review board (IRB). A search strategy was formulated for
data extraction, collection, and analysis (see below). All the
information gathered from the different online open sources
are in the public domain and were deidentified.

Key Points

e Digital media conversations can provide impor-
tant insight into the concerns and struggles of peo-
ple with epilepsy (PWE)

e We explored the big data from open-source digital
conversations among PWE in regard to suicidal-
ity, using machine learning technology

e Results showed that 222 000 unique conversations
about epilepsy, including 9000 (4%) related to sui-
cide, were posted during the study period

e We found that teenagers engage in online conver-
sation about suicide more often than adults

2.1 | Search strategy, data
extraction, and collection

The population of interest for this study were teenagers (13-
to 19-year-olds) and adults (>20 years of age), based on their
self-identification during digital conversations or on their
public online profile who endorsed suffering from epilepsy
and engaged in conversation about suicide, including suicidal
thoughts, intent, plan, attempt, and so on. Gender-related data
were not collected. CulturIntel used its advanced artificial in-
telligence (Al)-empowered methodology to mine and structure
the unstructured, qualitative online data on the topic of interest
(epilepsy and suicide). The search was limited to 12 months,
ending on September 25, 2018, and included only conversa-
tions originating from the US internet protocol (IP) addresses.

CulturIntel big data and Al suite of tools “scrapes and
listens” to open conversations online. The data mining and
collection occurs across various sites (topical sites, blogs,
social network, and message boards) where relevant dis-
cussions are taking place. It encompasses a complete range
of social discussion channels, including sites directed to-
ward selected segments and directed by (but not limited
to) their predefined topic of interest (epilepsy patients
and suicide). Advanced search techniques of web spiders,
crawlers, and site scrapings were applied. CulturIntel then
extracted topical data and tagged data with the origin and
user, which is deidentified before creating a large, unstruc-
tured “big” data set. After completion of the comprehen-
sive data collection, natural language processing and text
analytics were employed to examine previously described
and undescribed patterns in the data. Natural language
processing is a subfield of artificial intelligence that
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helps computers to process and analyze large amounts of
natural human language data. Text analytics refers to the
computer-based processes used for deriving high-quality
information from text through the devising of patterns and
trends, using means such as statistical pattern learning, for
example, theme modeling, topical frequency, named entity
recognition, and event extraction. These analyses were hu-
man-assisted and included repeated training, testing, and
reviewing of the program output by CulturIntel with the au-
thors. In this thematic analysis, authors tagged and sorted
the data, determined key motivations of topics being dis-
cussed, and assigned underlying drivers, sentiments, and
barriers, as described in Table 1.

2.2 | Data analysis

To avoid duplicity of posts/conversation, subjects with more
than one posting could be included in the analysis, but only
if their comment was part of a unique post. A single user
with multiple posts/comments within a conversation was

° L] ®
Epilepsia—*
counted once. However, users posting multiple unique com-
ments across discussions/posts/sites were counted for each
comment. A single comment, if appearing repeatedly through
sharing/linking was counted and analyzed only once.

The analysis of digital conversation was divided into five
primary domains:

“Who” (speaker analysis): Percentage distribution of
self-identified teenagers vs adults talking about the topic
of interest online

e “Where” (channel profile): Types of sites used by subjects
for talking about the topic of interest online

e “What” (topic analysis): Topics associated with discus-
sions about “epilepsy and suicide”

e “Why” (psychographic mindset analysis): Different psy-
chographic (typically includes activities, interests, and
opinions) mindsets of subjects talking about the topic of
interest

e “How” (sentiment analysis of conversation drivers):

Perceived feelings (negative [barriers], positive, neutral) of

subjects talking about the topic of interest

TABLE 1 Sentiment analysis of conversation “drivers”
Teens Adults (% of
Drivers (n) (% of the drivers) drivers) Quotes from teenagers
Negative drivers ~ Feeling alone 32 23 “I'm 16 and...I was wondering if anyone else feels kinda
(barriers) alone with epilepsy and like when you tell someone they'll
N =2100 just freak out...”

Low spirit 25 31 “My math teacher called me up in front of the class and
said, "If you feel like 'something' is going to happen, just
leave the room." there was a huge amount of twittering and
giggling!”

Social 28 17 “I am having a really hard time lately... I'm very depressed

embarrassment (suicidal even), and not finding much joy in life."

Sense of loss 15 29 “I'm just super annoyed with my epilepsy. It's been limiting
what I can do...I can't do anything. Not only have I been
having more seizures, but I also have panic and anxiety
attacks.”

Positive drivers,  Encouragement via 50 38 “I haven't been treated any differently around my friends
N =96 connection because of my epilepsy but I have GREAT friends. *

Empowerment over 41 23 “ Forget the shame u may feel figure out what it is u wanna

the epilepsy do in life make it happen it's all still possible."

Adaptation to 9 39 “Asking myself "Why me" I'm on my 3rd year of gran[d] mal

epilepsy epilepsy disorder doing much better... *
Neutral drivers, ~ Emotional 45 29 “I was diagnosed with epilepsy about 6 months ago and I
N =960 connection have been having some trouble processing everything. Does
anyone have any suggestions to help? *

Support 37 22 “Hey everyone! ...I was wondering if anyone would like me
to start a snapchat so we could chat on there?”

Information and 18 49 “Hey everyone... I got epilepsy when I was two 1/2... T am

resources trying to look for a support group and meet new people in

my area with epilepsy... Does anyone know any places? I
am going to try this one too.”
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The five domains were analyzed separately for teenagers
and adults. Categorical variables were analyzed as frequency
or percentages. The comparison between teenagers and adults
on categorical variables were made using Pearson chi-square
tests. A P-value of <.05 was considered statistically significant.

3 | RESULTS
A total of 222 000 unique conversations about epilepsy were
posted online (topical sites [38%], message boards [39%], so-
cial networks [19%], and blogs [4%]) during the study period
among adults and teens. Of those, 9000 (4%) conversations
were related to epilepsy and suicide.

3.1 | “Who” (speaker analysis)

Of all the discussions, a total of 41 000 were posted online by
teenagers and 181 000 by adults. Further analysis showed that
3200 posts (7.8%) among teens were related to suicide com-
pared to 5800 (3.2%) among adults (odds ratio [OR] 2.44,
95% confidence interval [CI] 2.33-2.55; P < .001).

3.2 | “Where” (channel profile)

The 3200 posts about suicide by teenagers with epilepsy
were further analyzed for their source. A total of 2464
(77%) of them originated from message boards (eg, Epilepsy
Foundation website) and topical sites (eg, Medscape) com-
pared to 608 (19%) on social media. A complete breakdown
of the source of posts from teenagers is provided in Figure 1.

33 | “What” (topic analysis)

The content analysis showed that 960 (30%) of posts by teen-
agers discussed social consequences of seizures (eg, “I want

B

LIVING WELL
WITH EPILEPSY

Medscape
A topical site is a website focused on
the many aspects of a specific topic.

é EPILEPSY
FOUNDATION

An Internet forum, or message
board, is an online discussion site
where people can hold conversations
in the form of posted messages.

Il Topical sites [l Message boards [l Social network Blog

to be able to go out to parties with friends and date and not
have to worry about having a seizure. The fact that I'm 19 and
I'm unable to drive is pretty hard as well.””) compared to 1218
(21%) posts by adults (OR 1.61, 95% CI 1.46-1.78; P < .001).
Another 928 (29%) were looking for emotional support to deal
with all the impact the illness has on them, both physically and
emotionally (eg, “I'm 16 and I have staring seizures I was won-
dering if anyone else feels kinda alone with epilepsy and like
when you tell someone they'll just freak out.””) as compared to
1102 (19%) adults (OR 1.74, 95% CI 1.57-1.92; P < .001). A
total of 672 (21%) of teenagers were concerned about physi-
cal impairments from seizure including pre- and postseizure
symptoms such as dizziness, upset stomach, and temporary
confusion, among others (eg, “About a month ago I was at
school, I felt really sick- like I wanted to die, I felt dizzy, had
stomach ache, and I could barely remember or pay attention
to anything going on. My friend said I looked like I almost
passed out but I didn't understand what she meant because my
mind went blank and I was confused on what I was doing or
talking about 5 seconds ago.”) compared to 1682 (29%) adults
(OR 0.65, 95% CI 0.59-0.72; P < .001). Similarly, 640 (20%)
of teenagers came online for generic support and resources (eg,
“Hi my name is Isabelle, I'm 14 years old and I've had epilepsy
for about a year (...) 3 days ago I had a seizure and bit my
tongue really hard, my tongue still hurts and it's hard to talk and
eat. Idk anyone else with epilepsy and I don't have any friends
so I want a friend that understands what I go through and we
can both be there for each other to make each other feel better
and happy.”) as compared to 1798 (31%) of adults (OR 0.56,
95% C10.5-0.61; P < .001).

34 | “Why” (psychographic mindset
analysis)

As noted in Figure 2, 2016 (63%) of teenagers as com-
pared to only 696 (12%) of adults (OR 12.49, 95%
CI 11.22-13.89; P < .001) about the "unknown" more
than fearful of being depressed (eg, “I'm worried because

77%

of discussions happen
on message boards
and topical sites

19%

of discussions occur
on social media

FIGURE 1

suicide and epilepsy among teenagers

Origins of posts on
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FIGURE 2 Mindset analysis behind
online conversations among teenagers and
adults

Epilepsia-|=

N=3.2K DISCUSSIONS TEENS VS. 5.8K DISCUSSIONS ADULTS

ADULTS

42%

5X VS.
ADULTS

Giving up a Helpless yet trying ﬁ Fearful about the unknown

I don't want to miss out on things and I live right on the
beach and now I can't swim by myself. I'm also really
worried that I will get a seizure at school [it happened
once]. I've told my close friends but not really anyone
else because I don't want to be known as 'the girl with ep-
ilepsy.’”). One-third (1056, 33%) of teenagers felt help-
less in front of the difficulties they face compared to 2668
(46%) of adults (OR 0.57, 95% CI 0.52-0.62; P < .001)
(eg, “Even with correct eating, diet, and meds I still have
them, everyone is different (...) epilepsy patients need
to understand conditions similar to addiction meds every
day, the shits from the meds, the heat, climate change,
stress, depression, alcohol, drug use, over the counter
prescription, sugar, caffeine, diary with meds; Any one
of these can hit you differently than it did the last person.
First off stop pointing the finger (...) epilepsy is hard.
In all aspects.”) Only 128 (4%) of teens discussing epi-
lepsy and suicide have given up (eg, “I've still struggled
to make my way, to live and enjoy life in spite of it all. I
admit the thought of suicide seems the best solution for

N=5.8K N=3.2K
DISCUSSIONS

DISCUSSIONS

FIGURE 3 Distribution of various
drivers of conversation in teenagers and
adults

M Positive [l Neutral [l Negative

me.”) compared to 2436 (42%) of the adult population
(OR 0.05, 95% CI1 0.05-0.07; P < .001).

3.5 | ‘“How” (sentiment analysis of
conversation “drivers”)

The primary sentiment (“driver”’) of each conversation was
divided into the positive, negative, and neutral categories.
The distribution of drivers for conversations by teenagers and
adults is shown in Figure 3. The negative drivers of conver-
sations were classified as barriers and divided into four sub-
categories: feeling alone, social embarrassment, low spirit,
and sense of loss. The positive drivers were divided into
three subcategories: Encouragement via connection, empow-
erment over the condition, and adaptation to the condition.
Finally, the neutral drivers were divided into three subcat-
egories: Emotional connection, support, and information and
resources. The distribution of various conversations based on
the analysis of their driver is shown in Table 1.

“Hey my name is David and | am 18 years old and | have been diagnosed with
gran mild seizures for over a year now. My most recent one was perhaps the
scariest. Me and my friends decided to take a trip to Great America and what was
supposed to be a fun trip turned into a nightmare. We were headed back and |
had dropped one of my friends off and | was driving as | pulled out of his driveway
it hit me, | had a seizure and my friends didn’t know what to do so they called 911
and the ambulance arrived and rushed me to the hospital. Now, | am faced with a
huge hospital bill that has turned into a burden since my license got suspended by
my doctor and making money is harder than ever without a way to transport my
self please help me out and donate to my gofundme to help me raise funds to pay
off this burden of a bill | have anything helps | would really appreciate it thanks.

“Hey everyone! Along with being new to epilepsy | am new to the whole chatting
online thing and | was wondering if anyone would like me to start a snapchat so
we could chat on there?”

to talk, feel free to Facebook message me or anything like that”

< “Your real friends stay. Your fake ones leave. It’s simple as that. If you ever want
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4 | DISCUSSION

This is the first of its kind study using big data to analyze on-
line digital conversations about epilepsy and suicide using
machine learning techniques. After analyzing close to a quar-
ter-million online conversations, we found that a small per-
centage of people with epilepsy engage in digital conversation
about suicide. However, the comparison of teenagers to adults
with epilepsy reveals that a disproportionately larger number
of the former (7.8%) engage in online conversations about sui-
cide compared to their adult counterparts (3.2%). This may be
due to several factors including a larger proportion of teen-
agers feeling alone, given that 32% of their 2100 negatively
driven conversations express such sentiment. Teenagers’ com-
fort with the internet and technology could also make them
more likely to discuss their personal concerns, including sui-
cidality, online. A recent Pew Center study among teenagers
showed that 95% of them had access to smartphones and 45%
said that they are online “almost constantly.”'> But this trend
is not limited to teenagers, and the online access and use of the
internet is increasing rapidly in adults and even in the elderly
population.16 Therefore, digital and social media presents a
potential opportunity for early engagement and intervention
among teenagers and adults with suicidality. It has been found
that around 72% of the internet users say they looked online for
health information within the past year.17 Developing relevant
content with hashtags (#) and search engine optimization strat-
egies will help PWE find the information that they seek online.

Of interest, more than three of four conversations about sui-
cide by teenagers with epilepsy occurs on message boards and
topical sites rather than social media (Figure 1). The higher
likelihood of knowledgeable support and the anonymity pro-
vided by these websites is in contrast to the possible risk to
their social well-being posed by discussing their mental and
physical condition among peers and friends on social media.
This is reflected in the significantly larger number of conver-
sations by teenagers compared to adults that discuss the social
impact of epilepsy (30% vs 21%, respectively). Teens consider
that seizures affect their relationships and social life as they
miss out on events and experiences. This is also supported by
the fact that one of the major negative sentiments (drivers) in
the online conversation of teenagers was social embarrassment
(28% of 2100 negative conversations). It may be because of
epilepsy misconceptions and stigmatization among teenag-
ers.'81? Although we did not perform subanalysis of the digital
conversations based on their source—topical sites and message
boards vs social media (eg, Facebook), one may speculate that
the choice of engaging in a particular form of online medium
may inform as well as be influenced by an individual's health
literacy. It is likely that individuals conversing on topical sites
have higher health literacy than their counterparts who engage
on social media, and therefore, the scenario of suicidality may
be much worse in the latter group.

A recent analysis of data from Centers for Disease Control
and Prevention (CDC) showed that the suicide rates among teen-
agers 15 to 19 years of age increased to its highest levels in 2017
since the year 2000.%° The incidence of suicidality is known
to be higher in teenagers compared to the general population.
However, not much is known about suicide risk in teenagers
with epilepsy compared to their peers in the general popula-
tion. A recent study from Taiwan compared suicide attempts
in children with epilepsy who were younger than 18 years to
age- and gender-matched controls (1:4 matching) from general
populations in Taiwan.”' The teenagers older than 12 years,
especially male teenagers, were at increased risk of suicide
attempt. The overall risk was 2.34 (95% CI 2.17-2.52) times
higher in children with epilepsy compared to the matched gen-
eral population.21 This suggests that the problem of suicidality
may be even more grave for teenagers with epilepsy compared
to their healthy peers. A common yearning among teenagers to
be able to just live a “normal life”” was noted in the analysis. A
prior international survey exploring the impact of epilepsy on
teenagers has shown that more than one-third of them expect it
to affect their future lives.'s A considerably smaller percentage
of adults consider that epilepsy impacts their social life, likely
due to a longer duration of epilepsy and hence, better life ad-
justment. Almost one-third (29%) of the conversations among
teenagers are centered around the topic of finding emotional
encouragement and support. They are interested in finding their
peers who have a similar shared experience and create a space
for emotional bonding. Such basic emotional needs probably
explain the availability and thriving of internet sites like www.
patientslikeme.com, which encourage sharing experience with
a disease condition online. A systematic review analyzing the
utility of social media in suicide prevention found that it can
be used to reach “hard-to-engage: individuals, and may provide
avenues for timely intervention while allowing a forum for non-
judgmental experience sharing.22 A study analyzing the social
media behavior of adolescents found that the time spent on it
was significantly higher among depressed compared to non-
depressed adolescents.”® The finding that teenagers and young
adults are more likely to share their suicide risk factors on social
media sites than with their doctors®* highlight the importance
of availability of such online venues and the need for harnessing
this readily available individualized information to prevent trag-
edies like suicide. In fact, the analysis of social media content
of military personnel who died by suicide compared to deaths
from other causes showed that it could not only predict the
cause of death but also the timing of suicide.”

Previous studies have analyzed the use of social media
for epilepsy.26 One study showed that the number of online
users interested in epilepsy is likely the highest among all
neurologic conditions.'* It also found that the most com-
mon content on social media on the topic relates to pro-
viding more information and resolving misconceptions
about epilepsy.14 Such information should be very useful
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to teenagers because the analysis of the mindset behind
epilepsy and suicide-related online conversations suggest
that a large majority (63%) of teenagers are bothered by
not knowing what to expect from their condition and live
in fear of the “unknown.” This is a stark difference from
adults, as only 12% of them are fearful of the “unknown,”
likely due to their longer life experience.

A great window of opportunity for supportive and thera-
peutic intervention among teenagers is provided by the fact
that only 4% of 3200 conversations among teenagers re-
flected a mindset suggestive of having given up. Therefore,
social media—based outreach programs may have a substantial
impact on suicide prevention in a teenage population that is
motivated to improve their well-being. Unfortunately, a very
large proportion of adults (42%) had a negative, defeatist atti-
tude in the face of epilepsy. It may be because of a longer pe-
riod of disease and comorbidity, highly prevalent depression
association with epilepsy.27 This is a really worrisome find-
ing in adults as it may be postulated that such a dispirited out-
look may be harbinger for attempted suicide. Our study was
not designed to analyze the real-life consequences of these
digital conversation. However, future studies are required to
understand triggers that lead to conversion of conversation
and thoughts into grievous actions like suicide attempt.

Although the incidence of suicidal ideation in PWE in clinical
studies has been reported to be around 12%,” we found only 4%
of total conversations online by PWE, including teenagers, to be
about suicide. These are two very different metrics; however, it is
possible that our study may underestimate the burden of suicid-
ality among adults and teenagers with epilepsy. This is primar-
ily due to the limitation related to how these conversations were
gathered: from self-identified individuals discussing epilepsy
online. It is also important to note that only the publicly accessi-
ble online conversations were mined; the ones protected behind
firewalls, depending on individual social media profile settings,
could not be included in the analysis. In addition, not all teenagers
and adults use social media. Therefore, it is likely that the data an-
alyzed is a portion of the entire digital conversations among PWE
about suicide. Another limitation is the lack of data individual
socioeconomic and cultural background, which may influence
their access to the internet and comfort with expressing suicidal
thoughts online. On similar lines, we were not able to gather data
on the gender of the individual engaging in digital conversations
or their seizure status, which may also influence their potential
for suicidal ideation. Our findings are applicable to the US popu-
lation only, given that only the conversations originating from IP
addresses in the United States were used in the study.

A larger philosophical question, which cannot be ad-
dressed by our study but may be relevant, is the correlation
between the digital representation of an individual and their
“true” self. Although it may be argued that an individual may
feel freer to express their true feelings and sentiments on-
line, the contrary possibility that the digital portrayal is only

Epilepsia1-**
a portion of the totality of an individual's actual personality
or emotions could be an equally valid point.

In conclusion, our big data study analyzing the online
conversations among PWE finds a small but significant
percentage of them discussing epilepsy and suicide. A sub-
stantially higher percentage of teenagers indulge in such
conversations, which reveals their increased vulnerabil-
ity compared to adults with epilepsy. The various topics,
mindsets, and concerns regarding suicidality among PWE
and their differences among teenagers and adults revealed
by our study provide us an opportunity for devising more
effective, early interventions.

Future studies validating our findings in clearly identified
and characterized PWE are required to improve the mental
well-being of our patients.
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