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Abstract—Mental health disorders may share similar symp-
toms which make differentiating between them for the purposes
of diagnosis a difficult task. Bipolar Disorder and Borderline
Personality Disorder have been shown to fall into this category.
Based on the language used by Reddit.com users in forums
dedicated to each of these disorders, as well as forums dedicated
to the loved ones of individuals with these disorders, we identify
differences that may increase accuracy of diagnosis. We use
natural language processing techniques to automatically identify
informal topics and patterns in the language extracted from these
forums that can be analyzed in a comparative way. We find that
there are significant differences in the language used in these
different forums that could be applicable to diagnostic protocols.

Index Terms—topic modeling, association rules, word embed-
ding

I. INTRODUCTION

Bipolar disorder (BD) and borderline personality disorder
(BPD) are mental health disorders that share similar charac-
teristics. BD affects more than 1% of people globally and is
one of the main causes of functional and cognitive impairment
in young people. BD is a condition in which an individual ex-
periences episodes of mania, usually in combination with de-
pressive episodes. The high prevalence of suicide among those
affected severely increases the need for correct diagnoses,
but this is a difficult task. Longitudinal clinical assessment
is currently the best known way to differentiate this disorder
from other similar conditions [1]. Similarly, diagnosis of BPD
is reliant on behavioral patterns that must be present over time
and in a number of contexts, and people with this disorder have
a high rate of suicide. While BPD affects a similar number of
individuals as BD, BPD individuals comprise 9-40% of high
utilizers of psychiatric treatment. Individuals with this disorder
will exhibit impulsive, self-destructive behavior and volatile
interpersonal relationships [2].

It is frequent that an individual with BPD will be wrongly
diagnosed as suffering from BD at some point in their life.
As previously stated, both of these disorders are difficult
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to diagnose, and the similarities in mood related symptoms
between the two presents a further challenge in accurate
diagnosis. For example, instability in mood, a symptom of
BPD, may be mistaken for frequent cycling between manic
and depressive states that is characteristic of BD. The major
difference between these two disorders is that BPD is a
personality disorder while BD is a mood disorder, but even
this conclusion is not wholly agreed upon. A misdiagnosis
of this type is severe as medications used to treat BD have
not been shown to be effective in managing BPD [3]. Greater
understanding of each of these two disorders, as well as their
differences, may lead to improved diagnostic accuracy.

Social networks provide individuals the opportunity to pub-
licly share on a massive scale. Reddit.com is a popular social
media platform for young adults, one study finding that it is
used by 42% of U.S. internet users age 18-24. This website
features discussion forums called subreddits for essentially any
topic. Reddit is highly interactive as users can vote on posts,
respond to posts, and partake in private messaging.

It is not surprising that social networks are a popular
apparatus for the discussion of mental health issues as they
can negate issues such as geographic proximity that previously
presented people with certain disorders, especially those like
BD and BPD with low prevalence, from interacting with other
sufferers. Reddit has been shown to be a particularly useful
tool for online mental health discussions, partially due to the
anonymity provided by “throw away” accounts, a response to
the social stigma around mental health disorders [4].

In previous work, we extracted informal latent recurring
topics from online mental health forums, particularly those
focused on suicide, depression, and PTSD. Our prior analysis
of such latent topics suggests that users in these forums express
ideas that are complementary to the risk factors defined by
experts, but differ in their scope and language [5]. We also
later showed that analysis of these topics over time could
be used for trend detection and characterization of topics in
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suicidal ideation [6].

In this work, we automatically detect latent topics within
four subreddits: r1/BipolarDisorder, 1/BPD, 1/BipolarSOs,
r/BPDlovedones. We analyze the topics automatically detected
within these four forums and compare the relative usage of
latent topics between them, as well as analyze associations
between different topics. We leverage forums discussing two
similar disorders as well as forums for significant others
affected by both disorders to meaningfully analyze the dif-
ferences in the language of those affected by BD and BPD.

Our rigorous evaluation of the language in subreddits dis-
cussing BD, BPD, and their respective significant others shows
that distinctive language characteristics exist between those
with BD and BPD, as well as their loved ones, which can
aid in the development of an archetype for each mental health
disorder. By providing the colloquial language archetypes of
these disorders we can better understand their commonalities
and differences. The analysis of these differences can provide
means for more accurate and distinctive methods of diagnosis.

The structure of this paper proceeds as follows. In II we
describe previous work that has been done pertaining to this
topic. In III, we detail the process taken to obtain topic
distributions and association rules for the language in each
subreddit chosen. In IV, we discuss the subreddits chosen for
analysis of BD, BPD, and their respective loved ones. In V,
we present experimental findings in the characterization of the
language in each of these subreddits using both topic usage
distributions and association rules. In VI, we discuss potential
limitations of our work. In VII, we discuss potential future
applications of the work that is presented in this paper.

II. RELATED WORK

According to a study done by [7], BD affects 2.7% of
American adults. Additionally, upon ranking each case as
either mild moderate or serious, [7] found that 82.9% of
cases were deemed a serious mental health disorder. Ac-
cording to the National Alliance on Mental Illness (NAMI),
an estimated 1.6% of American adults are diagnosed with
borderline personality disorder (BPD) [8]. Recently, many
studies have been published concerning issues with current
methods for diagnosing patients with BD or BPD [9], [10].
One study from Oxford analyzed the psychiatrist’s interactions
with the DSM-IV-TR criteria, a widely accepted standard for
clinical diagnosis of mental health disorders [11]. The study
found that while psychiatrists demonstrated comprehensive
understanding of the criteria, they often felt it unhelpful in
aiding in diagnosing and differentiating the mental health
disorders of BD and BPD [9]. Another study found that
patients with BPD were often at increased risk of misdiagnosis
of BD [10].

Significant others of those with mental health disorders
commonly display unique characteristics as a result of their
relationship with those with a mental health disorder [12],
[13]. For example, in [12], a study found that mothers of those
with autistic related disorders commonly screened positive
for significant psychological distress. In [13], it was found

that marriages between couples with a BD disorder saw high
divorce rates and significant volatility in their relationships.

Natural language processing (NLP) makes it possible to do
analysis on text scraped from social media websites. While
these sources of data may appear more noisy than traditional
edited texts, past studies have found that it is possible to
clean the text sufficiently with NLP techniques so that the
grammaticality of social media text is only slightly worse
than traditional text [14]. Once text has been cleaned, typical
NLP analysis can be done to learn both semantic and syntactic
meaning with models such as Word2Vec.

Work has been previously done on NLP in social media
pertaining to mental health. [5], [6], [15], [16]. In one pub-
lication, user embeddings based on past social media posts
were used to identify mental health conditions of users [16].
In another, the Linguistic Inquiries in Word Count (LIWC)
lexicon was used to create a metric representing the degree to
which social media users contribute to mental health topics in
a one year period [15]. In other publications, word embedding
and k-means clustering was used to discern and study trends
in relative topic distributions in the language of people with
suicidal tendencies [5], [6].

Association rules are a data analysis tool used to find
relationships within sets of data. Rules are generated by
finding items that occur frequently together and determining
the strength of their correlation in order to determine if the oc-
currence of one item increases the probability of another [17].
There are a variety of algorithms that are used for association
rules. This includes the frequent pattern growth algorithm,
which mines items that occur together frequently using an
efficient tree-based system [18].

Our work differs from these efforts in the following ways.
First, we analyze subreddits on BPD and BD and their
significant others to get data on the authentic perspectives
of those directly afflicted with these diseases and their loved
ones. Next, we use k means clustering and matrix algebra
to determine relative topic distributions for each subreddit,
helping to characterize the language of each subreddit. Finally,
we mine association rules to analyze deeper connections in
topics for all subreddits. In performing this analysis, we
provide characterization of BPD and BD from the colloquial
perspective of those directly afflicted with the disease and their
loved ones. This in turn could pave the way for better diagnosis
and understanding of these diseases in the future.

[II. METHODOLOGY

In this section, we detail the methodology used to extract
information on topic usage and topic associations to allow
for convenient comparison of language distinctions across
BD, BPD, and their respective significant others. First, we
perform word embedding to allow for topic clustering. We then
perform matrix multiplication and association rule mining to
produce cluster usage vectors and association rules that can be
conveniently compared between subreddits for analysis. The
process for these steps is detailed below.
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A. Word Embeddings

Word embedding is a technique commonly employed in the
field of natural language processing to represent words in the
form of a vector in n-dimensional space. These vectors closely
orient words together that are similar in semantic and syntactic
meaning. By performing word embedding, we can then group
words by similar semantic meaning.

A number of widely accepted and used word embedding
algorithms exist today [19]-[22]. We chose to use Word2Vec,
for its simplicity and efficiency in implementation alongside its
ability to accurately extract semantic and syntactic meaning in
n-dimensional space. Word2Vec relies on a shallow neural net-
work to produce word vectors. Word2Vec can be implemented
as either a continuous bag of words (CBOW), or Skip-gram
model. In this paper we implement the Skip-gram model, as
per the recommendation of [19], [20]. The Skip-gram model
trains the neural network by inputting words and outputting the
surrounding context words. Any errors in the context words
result in the adjustment of a small sample of neurons; this
small sample adjustment is called negative sampling.

B. Topic clustering

After using Word2Vec to embed words, we can now cluster
words to extract latent topics from our dataset. We chose to
perform k-means clustering, due to its simplicity in implemen-
tation, and its ability to make localized clusters of relatively
uniform spatial extent.

Each cluster in this representation can be thought of as
a topic, containing words of similar semantic meaning. For
example, a cluster containing the topic on diagnosing a pa-
tient might contain words such as “diagnose”, “diagnosis”,
“diagnosed”, “suspect”, “medicated”, and “prescribed”.

Following topic clustering, we can now determine the usage
of each cluster with simple matrix multiplication and normal-
ization. When originally scraped, the data for each subreddit
was sorted into posts and the words used in each post, which
can be represented as a Posts by Words matrix (PW). Each
subreddit has a unique PW matrix, and as such the following
steps were done for each subreddit.

N Words
a11 a2 - a1N
a21 a2 - az2N
M Posts
ap1  aM2 apM N

Figure 1. Posts by Words Matrix (PW)

The PW matrix is a sparse frequency matrix, with each cell
representing the number of times a word appears in a given
post. After performing k means clustering on our overall model
containing all four subreddits, we can represent our created
clusters in the form of a Words by Clusters matrix (W C'), as
seen in figure 2.

The W' matrix is a sparse binary matrix, with each cell
representing whether a word is included in a given cluster. A

K Clusters

C11 Ci2 - C1K

C21 C22 '+  CO2K
N Words

CN1 CN2 - CNK

Figure 2. Words By Clusters Matrix (W C')

value of 1 indicates that the word is present in the cluster,
while a value of 0 indicates the word is absent. By simple
matrix multiplication, we can generate a Posts by Clusters
matrix (PC'), as can be seen in figure 3.

N Words L Clusters L Clusters

M Posts x N Words = M Posts

Figure 3. Posts By Clusters matrix (PC') produced through matrix multipli-
cation

Each cell in the PC matrix represents the number of times
a words from a cluster appeared in a given post. After per-
forming matrix multiplication and obtaining the PC' matrix,
we now have a representation of the relative usage of each
cluster for each post in a subreddit. In order to compare the
relative cluster usage of the subreddit as a whole, we sum all
of the posts in the PC' matrix, creating a vector describing the
relative usage of each cluster for a given subreddit (SC).

m
SC =Y PCy (1)
i=1
Prior to this summation, we normalize the rows of the PC
matrix. Normalization of the rows is done in order to ensure
that no post is given more weight than another in the scope of
the subreddit when summing all of the posts in the subreddit. If
this normalization was not performed, one post in the subreddit
containing unusually high usage of a certain cluster would
skew the subreddit cluster usage towards that cluster, when
in reality only one post in the subreddit as a whole used the
cluster often.

Normalization is also performed after obtaining the SC
vector. This normalization is done to allow for meaningful
comparison of the SC vectors for multiple subreddits. If this
normalization were not done, disparities in the magnitude
of each SC vector would make comparisons meaningless.
For example, if the subreddit for BD significant others were
significantly smaller than the subreddit for BD, then the usage
ratings for clusters in the BD significant others SC would
be lower than the BD SC' simply because a smaller dataset
was analyzed. This process results in a normalized cluster
usage vector for each subreddit, as can be seen in figure 4. L1
normalization was used for both cases of normalization.
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Figure 4. Normalized Subreddit by Cluster matrix (SC)

C. Association Rules

Association rules were first developed for use in market
basket analysis to offer increased efficiency in consumer shop-
ping, and offer suggestions based off of common transaction
patterns. For example, consumers that buy eggs are likely to
also buy milk. These concepts of association rules can be
utilized in the realm of online mental health forum. In our
case, the post is a transaction, while the topics discussed in
the post are the items. For example, when a person with BD
talks about their medication, they may be likely to talk about
side effects of their medication as well.

Association rules have three values of principle importance
in analysis when mined: support, confidence, and lift. For
the purposes of defining what these values mean, consider
an association rule relating topic A to topic B in a post.
Support is the relative co-occurence of topic A and topic B in
posts as compared to the total number of posts in a subreddit.
Confidence is the conditional probability that you will see the
topic B in a post given that topic A is already there. Lift is the
fold increase in probability for topic B to be present in a post
when topic A is already present compared to the unconditional
probability of topic B to present.

In this paper, we utilize the frequent pattern growth al-
gorithm [23], [24] for the mining of frequent itemsets on
which to create association rules. Association rule mining on
our dataset was done in a series of steps. First, itemsets are
mined based on a support threshold on all four subreddits.
Lower support values allow for more rules as the clusters
within the rules don’t have to occur together as frequently.
Itemsets are limited to a one to one relationship, as we are
most interested in determining motifs relating only two topics,
and relating more than two topics could result in overfitting
of our dataset. Association rules were then created on these
itemsets with based on a chosen confidence threshold. Once
rules were found, rule sets were recorded and itemsets and
rules were manually created for all four subreddits using the
union of the four rule sets. This allows for convenient analysis
of association motifs in all forums, as all forums now contain
the same rule sets. The concept of association motifs is further
detailed in section V-C.

IV. ONLINE MENTAL HEALTH FORUMS

Reddit is a unique social media modality due to its division
of posts by topic, or “subreddit”, and the incredible diversity
and breadth in topics covered. The subreddits we use in this
study are “r/BipolarReddit” and “r/BPD”, forums for people
with BD and BPD, respectively, as well as “r/BipolarSOs” and
“r/BPDlovedones”, for the significant others and loved ones of
people with the aforementioned disorders. The specifics of the

purpose and make up of each subreddit are detailed following
this section.

All were chosen due to their longevity and substantial
number of members, resulting in a large collection of text
based posts for language analysis. Additionally, we can be
confident that the data collected is related to the topic at hand
as moderators, users who volunteer to manage a subreddit,
actively delete unrelated posts when they occur, which is
infrequently due to the sensitive nature of mental health
safeguarding the forums from users who have the intention to
purposely misuse the website. These subreddits were scraped
for post beginning in 2012 and going through 2018. Both
r/BipolarSOs and r/BPDlovedones were not created until some
time in 2014, but the quantity of posts are great enough that
this difference would not negatively affect results. A total of
149,798 text posts were used in the analysis.

V. EXPERIMENTAL RESULTS
A. Experimental Details

The generation of our Word2Vec model, our k-means
clustering, and our association rules required a number of
experimental parameters. Based on suggested values from the
developer of Word2vec, we chose a window size of five and
a word vector size of 300 dimensions for training our model
[20]. The window size indicates the number of context words
surrounding an input word that the model will predict in
training. The dimensionality size and window size chosen offer
semantic accuracy while remaining efficient.

To choose our number of clusters generated by k-means
clustering, we tested k at values between 10 and 400 and
graphed the sum of squared errors of the generated clusters
against k. We found 100 to be at the knee of the graph. We
found this value captured a diverse group of specific topics
within a reasonable runtime.

Itemsets, or groupings of clusters that appear together, were
mined at a support level of 15 percent in order to gather
as many itemsets as possible within a reasonable run-time.
We set a threshold confidence level of 50 percent for the
association rules generated from these itemsets in order to
maintain meaningful data.

B. Relative Cluster Frequency

We consider clusters that have very high relative frequencies
in all or some subreddits and present interesting results with
possible interpretations using the top ten words and phrases
that characterize each cluster.

1) r/Bipolar:

Among the 4 subreddits there are 5 clusters that appear
significantly more frequently in r/BipolarReddit. 2 of those
clusters talk about food and dieting, 1 focuses on work and
career, while the remaining 2 look at school life and classes.
This observation that eating habits as well as career and school
life are mentioned far less often in forums for people with BPD
than in those for people with BD, shows that the latter seems
to encompass more diverse aspects of life.
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2) r/BPD:
Compared to the three other subreddits, /BPD has the highest
relative frequency of 3 clusters with top 10 words and phrases
relating to feelings and moods. This indicate that people are
more likely to talk about, and be descriptive of, their emotions
in 1/BPD than in all three other subreddits. This observation
also demonstrates the difficulty to correctly distinguish patients
with BD and BPD: although BD is generally considered as a
mood disorder while BPD a personality disorder, people active
in 1/BPD seem to more talk about changes in moods in forums
than those active in r/BipolarReddit.

3) Comparing Forums about Bipolar Disorder and Forums
about Borderline Personality Disorder:
Three clusters all occur most frequently in r/BipolarReddit.
Among them, 2 clusters are also frequently seen in
r/BipolarSOs. The top 10 words in the cluster not as frequently
seen in r/BipolarSOs revolve around suicidal ideations and
hospitalization, while one of the other clusters talks about
medications, and the third cluster looks at the financial factors.
It seems that people active in r/BipolarReddit post more
often about hospitalization, drugs, paying for medications, and
insurance.

4) Summary:
The analysis presented above demonstrates the noticeable
distinctions in the languages used in the four forums discussed.
Differences in the relative frequency of cluster topics were
observed between forums meant for people with BD or BPD,
and those meant for people around BD or BPD patients. Some
findings agree with the symptoms as well as the diagnostic
differences between BD and BPD, others elicit new insights
into the characteristics of these disorders.

C. Association Rules

We mined association rules with the intent to generate the
largest collection of rules possible while still ensuring that
confidence levels were high enough to garner meaningful
results. Therefore, we implemented a confidence level of 50%
and a support level of 15% as thresholds. The set of association
rules was first reviewed manually as a way to determine that
results were valid. We expected certain clusters to appear
frequently in association rules based on our data. For example,
a specific cluster language like “please” and “thanks” is likely
to be in most scraped posts considering the purpose of these
subreddits is to create a community of support. We found this
cluster appeared in 4.9% of our mined association rules.

As our expectations were confirmed, we proceeded to do an
analysis on the motifs present in our association rules. Motifs
were used as a way to identify important topics in one or more
association rules that show a difference between BD and BPD.
To establish which association rules could show a difference,
a set was extracted of only the rules that had a lift higher
than the median of all the lifts for either r/BipolarReddit or
r/BPD and lower than the median of the other. This set of rules
showed differences between the two subreddits’ language, but
not all rules were relevant to the purpose of our research,
namely in trying to identify differences in the language used by
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individuals with BP or BPD that may be useful for diagnoses.
Therefore, it is necessary when mining motifs to establish
the topics that are relevant to particular research and use the
association rules encompassed by these topics.

1) Motif 1: Dating:
The association rules in this motif are related to the expe-
riences of romantic relationships and both have lifts higher
than the median of r/BiploarReddit and lower than t/BPD. The
first rule relates cluster A, which has language surrounding
unhealthy relationships, to cluster H which indicates that
the relationships being discussed are between two people
romantically dating. The second rule in this motif relates
cluster B, containing language about positive every day life,
also to cluster H. The relative significance of these assocation
rules for the r/BipolarReddit community shows that members
of this subreddit are likely to talk about dating in the context
of their daily life that generally has a positive sentiment,
but also in the context of concerning, unhealthy behaviors.
This shows there is range of romantic relationships with
significant discussion on r/BipolarReddit that does not occur
in the same way on 1/BPD. Considering a major sign of BPD
to be volatile relationships, this motif is clearly related to a
possible differentiation between the experiences of people with
these disorders. To assist with diagnostic accuracy, it may be
useful to consider if a patient uses language surrounding dating
within the range expressed on r/BipolarReddit or seems to be
involved in more chaotic relationships.

2) Motif 3: Work:
Cluster D contains words all related to working and jobs with
a generally negative sentiment. It is related to clusters J, words
about medications, and cluster K, words about diagnoses. All
three of the association rules for this motif are found to be
significant in r/BPD and not in r/BipolarReddit. All three rules
are also higher than the median lift of r/BPDlovedones, but
only the rule between clusters D and K is lower than the
median lift of r/BipolarSOs. The rule between clusters D and
J shows that the use of medication is relevant to the discussion
of work by the /BPD community, possibly in the context of
the medications prescribed to these individuals affecting their
work performance or ability to hold a job. Similarly, the rule
between clusters D and K could indicate that individuals with
BPD feel that their diagnoses has a greater impact on their
work life than individuals with BD. Therefore, it may be a
useful point to make for diagnoses to see if the individual
speaks with a similar sentiment, or if their loved ones do,
considering that this rule is also significant in a comparison
between r/BPDlovedones and 1/BiploarSOs.

3) Motif 4: Treatment:
This motif is significant in r/BPD and is also higher than
the median lift of r/BPDlovedones. The association rule that
generates this motif relates cluster E to cluster J. While
both have the words specifying that medication is being
discussed, cluster E also contains words showing the effects of
medications or possibly other treatments expressing a general
sentiment that things are difficult but getting better. This
association rule could show that the medications prescribed



to individuals with BPD generally are discussed at making
a positive impact. Therefore, if an individual diagnosed with
BPD is not using this type of language about the medications
they have been prescribed, it might need to be considered
whether a misdiagnosis has occurred.

VI. LIMITATIONS

The limitations of our work mainly arise from the nature
of the topic. Our analysis is subject due to the lack of ground
truth. We are also unable to determine the best algorithms
to generate association rules and topic clusters for a similar
reason. Based on the choices made in this paper, however,
we are still able to present valuable results and provide
foundations for future work on similar topics.

VII. FUTURE WORK

While this study looked at the differences between BD
and BPD for the purposes of diagnosis, future work could
consider other mental illnesses with similar symptoms that
might be misdiagnosed, such as the various classes of BD
or schizophrenia. It could also consider differences in terms
of treatments or methods of coping rather then symptoms
differences to ensure the support given to individuals with
these disorders is most effective to their particular disorder.
Future work could also look to identify the language of
someone who is misdiagnosed by looking at posts in one
subreddit that are more similar to the average post of another
subreddit for a different disorder.

VIII. CONCLUSION

In this paper, we presented informal topics automatically
extracted from online forums for bipolar disorder patients,
borderline personality disorder patients, as well as forums
for significant others of these people. We first analyzed the
differences of relative frequency of these informal topic among
the four forums. In general, we found that language surround-
ing the symptoms of the disorders occurred more frequently
in forums for people with disorders. Some of our findings
agree with the key difference between the two disorders
mentioned in the introduction, while also demonstrating the
difficulties in distinguishing between BD and BPD, as many
topics were similarly frequent in all four forums. We also
analyzed association rules. The motifs found through this
analysis indicate differences in discussions by individuals with
BPD and BD that could be useful in improving diagnostic
accuracy.
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