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Objective: The rapid growth of online health social websites has captured a vast amount of healthcare
information and made the information easy to access for health consumers. E-patients often use these
social websites for informational and emotional support. However, health consumers could be easily
overwhelmed by the overloaded information. Healthcare information searching can be very difficult for
consumers, not to mention most of them are not skilled information searcher. In this work, we investigate
the approaches for measuring user similarity in online health social websites. By recommending similar
users to consumers, we can help them to seek informational and emotional support in a more efficient
way.

Methods: We propose to represent the healthcare social media data as a heterogeneous healthcare infor-
mation network and introduce the local and global structural approaches for measuring user similarity
in a heterogeneous network. We compare the proposed structural approaches with the content-based
approach.

Results: Experiments were conducted on a dataset collected from a popular online health social website,
and the results showed that content-based approach performed better for inactive users, while structural
approaches performed better for active users. Moreover, global structural approach outperformed local
structural approach for all user groups. In addition, we conducted experiments on local and global struc-
tural approaches using different weight schemas for the edges in the network. Leverage performed the
best for both local and global approaches. Finally, we integrated different approaches and demonstrated
that hybrid method yielded better performance than the individual approach.

Conclusion: The results indicate that content-based methods can effectively capture the similarity of inac-
tive users who usually have focused interests, while structural methods can achieve better performance
when rich structural information is available. Local structural approach only considers direct connec-
tions between nodes in the network, while global structural approach takes the indirect connections into
account. Therefore, the global similarity approach can deal with sparse networks and capture the implicit
similarity between two users. Different approaches may capture different aspects of the similarity rela-
tionship between two users. When we combine different methods together, we could achieve a better
performance than using each individual method.
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1. Introduction patients to cope with stressful health conditions. It was demon-

strated that social support could contribute to health outcomes by

Online health social websites have grown substantially over the
past decades. Health consumers participated in these websites to
share healthcare information with peers. Through social network-
ing with other consumers, they also provide social support for each
other. Social support has been found to be important in helping
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enhancing patient adherence to medical treatment [1]. Informa-
tional and emotional support are the most prevalent types of social
support found in online health social websites [2].

Informational support help consumers to reduce uncertainty by
offering facts or knowledge, including advice, information refer-
ral, insight from personal experiences, or opinions [2,3]. It was
found that a majority of online posts in healthcare social web-
sites were intended to seek informational support, such as asking
for advice on drugs or treatments [2]. The information was con-
sidered as being particularly helpful to consumers newly joined
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the online communities [4]. They can learn highly technical and
factual information about various medical conditions. The online
social support was fulfilling a learning as well as support func-
tion, especially for consumers concerned with chronic or mental
illness [4,5]. The rapid development of online healthcare social
websites has supported consumers’ healthcare information search-
ing by significantly reducing barriers to healthcare information.
Consumers can see what their peers are experiencing, and dis-
cuss healthcare topics with people who have similar concerns.
However, this vast amount of healthcare information comes with
challenges. Consumers could easily be overwhelmed by the ocean
of information and realize that it is difficult to find the most rel-
evant piece. In an online health social website with hundreds of
thousands of threads on all kinds of health-related topics, search-
ing can be very difficult for consumers, not to mention most of
them are not skilled information searcher. Consumers use very dif-
ferent language from professional terms to express the healthcare
issues [6], and this language problem directly leads to poor query
formation [7]. In addition, consumers usually cannot fully under-
stand their health conditions due to the lack of medical knowledge,
which would further hinder effective information searching [7].
Under such circumstance, asking for informational support from
similar consumers could be much more efficient in seeking health
information than relying on browsing or using the website search
function. Consequently, a good recommendation system that can
match users to users for their information needs is desired.

Emotional support is another important social support con-
sumers could benefit from an online health social website. Many
patients describe their situations as “understandable only if you
have gone through a similar situation.” This understanding is part
of empathy, which naturally stems from going through a simi-
lar situation [8]. Therefore, emotional support could be especially
effective when it comes from similar consumers. And prior studies
have shown that emotional support could help patients to maintain
positive attitude towards health issues and to achieve better health
outcomes [9,10]. So, social networking with similar consumers not
only provides a shortcut to relevant healthcare information, but
also helps consumers to find emotional resonance.

However, online health social websites are different from tra-
ditional social media sites. In traditional social media sites such as
Facebook and Twitter, people keep in contact with a list of friends,
and the networks are often built based on one’s existing social ties
[9]. People can follow their friends and keep track of news in their
friends’ daily lives. Social networking activities in such social media
sites are based on the relationship between the participants but not
necessarily based on the desire of in-depth discussion on healthcare
specific issues. Nevertheless, in an online health social websites,
social networking activities are mainly based on common concerns
rather than long-term relationships. Consumers would participate
in the same discussion thread or send messages to others because
of similar interests, but they seldom maintain a long-term rela-
tionship with each other. The social ties are much weaker in online
healthcare social websites [11]. In this case, consumers may not be
able to quickly find the most similar users with themselves when
they need informational or emotional support. Therefore, recom-
mendation of similar users to consumers in online health social
websites is desirable.

In this work, we propose to consider an online healthcare social
website as a heterogeneous healthcare information network, and
develop the content-based approach and structural approach for
recommending similar users in such a network. In this paper, we
used data collected from a popular online health social website

MedHelp.! Millions of Consumers post discussion threads on a vari-
ety of healthcare topics in MedHelp every day [12], and we can
collect the online threads for our study. In most existing studies on
network science, information networks are usually assumed to be
homogeneous, where nodes are objects of the same entity type and
links are relationships from the same relation type. However, most
real-world networks are heterogeneous, where nodes and relations
are of different types [13]. Healthcare information network is one
typical heterogeneous network. Different types of relations convey
different semantic meanings, and treating all the nodes or links as
of the same type may miss important semantic information [13].

The rest of the paper is organized as follows. In Section 2, we
review related work on network construction, including named
entity recognition and relation extraction, and then we discuss
existing studies on similarity analysis. In Section 3, we introduce
methods for constructing a heterogeneous healthcare information
network from an online healthcare social website. In Section 4, we
propose three different methods based on content-based approach
and structural approach for recommending similar users in online
health social websites. Section 5 presents the details on experiment,
including data collection, ground truth, results and discussion.
Finally, we conclude the work in Section 6.

2. Literature review
2.1. Constructing heterogeneous healthcare information network

Given a set of healthcare social media data, the question is how
to construct an information network to best represent the data.
In order to do that, we need to identify entities and relationship
between entities from the data. In this section, we review related
work on named entity recognition and relation extraction from
healthcare social media data.

Many studies have been reported on named entity recognition
from healthcare social media data in the past few years. Some
researchers used lexicon to identify entities such as Adverse Drug
Reactions (ADRs) and drugs. In [14], Leaman et al. created a lexicon
by combining terms and concepts from four resources and used it
to identify adverse reactions in user comments collected from Dai-
lyStrength. Patki et al. [15] expanded the lexicon used by Leaman
etal.[14] by adding addition terms from two more sources: SIDER II
[16] and Consumer Health Vocabulary (CHV) [17].Bentonetal. [18]
scraped websites and databases that contain lists of dietary supple-
ments, pharmaceuticals, and adverse events for terms to create a
controlled vocabulary, and then augmented the vocabulary using
the CHV.

Besides lexicon, language patterns were also utilized to auto-
matically extract mentions of ADRs from user reviews about drugs
in social network websites [19]. Pimpalkhute et al. proposed an
approach to generate most probable misspelled drug name vari-
ants for querying social media postings. The underlying intuition
is that, faced with the task of writing an unfamiliar, complex word
(the drug name), users will tend to revert to phonetic spelling [20].

Some other researchers used machine learning techniques to
extract ADRs from social media data. Using Twitter as data source,
Ginn et al. [21] created a manually annotated corpus of 10,882
tweets that were used to train automated tools to extract ADRs
from tweets. Nikfarjam et al. [22] extracted user posts from
DailyStrength and Twitter, and introduced ADRMine, a machine
learning sequence tagger for concept extraction from social media.
ADRMine utilizes a variety of features such as context features,
ADR lexicon, part-of-speech tags, negations, and a novel feature

! http://www.medhelp.org/.
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for modeling words’ semantic similarities. The experiment results
showed that ADRMine outperforms several strong baseline systems
in the ADR extraction task.

In terms of relation extraction, there is a large body of literature
on drug-ADR relation extraction from social media data. Benton
et al. [18] used co-occurrence statistics identified drug event pairs
from a corpus of posts to breast cancer message boards. Bian et al.
[23] used Natural Language Processing (NLP) techniques and a sup-
port vector machine (SVM) classifier trained on a manually labeled
corpus of tweets to find drug users and potential adverse events.
Yang et al. [24,25] employed association rule mining to identify
relationship between drugs and ADRs in online posts, and proved
that healthcare social media data is promising for ADR detection.
Liu and Chen [26] developed a shortest dependency path kernel
function and trained a SVM to learn patterns to detect drug and
medical events in patient forum posts. They proposed generating
syntactic and semantic features for relation instances based on the
shortest dependency path from medical events to treatment enti-
ties.

2.2. Similarity analysis

Many studies have been reported for measuring user similarity
using different methods for different purposes. Generally, meth-
ods for similarity analysis fall into two categories: content-based
approaches and structural analysis approaches.

Content-based similarity has its roots in Information Retrieval
(IR). Extensively studies of similarity of documents have been done
in IR community [27]. Many recommendation systems utilize the
similarity between users to predict users’ ratings of items. A rec-
ommendation system that is based on user-based collaborative
filtering algorithm [28] usually first finds similar uses for a target
user, then uses the ratings of the similar users to estimate the tar-
get user’s interests for certain items. Therefore, the measurement
of similarity between users plays a fundamental role in these sys-
tems. A common method is calculating similarity based on users’
profiles, which could be item ratings, browsing logs, clicks, queries
and so on. Cosine similarity and Pearson’s correlation are popular
similarity measures in collaborative filtering [28-30]. Xiao et al.
[31] used users’ access logs to web pages to measure the similarity
of users’ interests. In order to measure the similarity more pre-
cisely, they also took into account the actual time when users were
viewing the web pages. Pennacchiotti and Gurumurthy [32] used a
topic model to represent users as mixtures of topics based on their
Tweets. After that, they recommend to a target user those users
with highly similar topic distributions.

Similarity based on structural analysis approaches are exploited
frequently in information network studies. The problem can be
viewed as calculating a measure of proximity or similarity between
two nodes in a network. Some approaches adopted local similar-
ity measures, based on the idea that two nodes are likely to be
similar if they share a large number of neighbors in the network.
The Friend-of-Friend algorithm, which is adopted by many popular
online social websites such as Facebook.com, is based on the intu-
ition that ‘if many of my friends consider Alice a friend, perhaps
Alice could be my friend too’[33]. The most basic implementa-
tion of this idea is to compute the number of common neighbors
[34]. Jaccard’s coefficient and Adamic/Adar index are alternative
similar measures based on common neighbors [35]. SimRank algo-
rithm proposed by Jeh and Widom computes a global similarity of
the structural context in which objects occur [36]. The underlying
intuition is “two objects are similar if they are related to similar
objects”. Due to the high computational complexity of SimRank,
some studies were conducted on optimizing the algorithm [37,38].
In [39], Pan et al. used a Random Walk with Restart (RWR) algo-
rithm to compute the affinity of one node to another. A random

walker that starts from a node faces two choices at each step: either
choosing randomly among the available edges to move, or jumping
back to the starting node with a given probability. Symeonidis et al.
introduced a transitive node similarity measure for friends recom-
mendation in social networks [40]. Specifically, two persons that
are connected with a path have a higher probability to know each
other, proportionally to: (1) the length of the path they are con-
nected with, and (2) the degree of similarity between the neighbor
nodes that form that pathway. The structural features of a node can
be also represented by its ego-centered network and the similar-
ity problem can be also viewed as calculating the similarity of two
ego-centered networks. Xiang et al. proposed a metric of similarity
between two subgraphs in a network. The idea is that two sub-
graphs having more connections or being simultaneously closely
connected to other subgraphs are likely to have higher proximity to
each other [41]. Hsu et al. used the structural features of each user
to recommend users with common interests in a social network
[42]. Most existing structural similarity measures are explored in
homogeneous networks. However, most information networks in
real world are heterogeneous rather than homogeneous.

Recently, some researchers start to explore methods for mea-
suring similarity of nodes in heterogeneous networks. Zhao et al.
[43] enriched SimRank algorithm by encoding both in- and out-
link relationships and proposed P-Rank to compute the structural
similarity. Unlike SimRank that only considers in-linked neigh-
bors, P-Rank also calculates the similarity of out-linked neighbors
and used a parameter A to balance the relative weight of in-
and out-link directions. They applied P-Rank to a heteroge-
neous information network and the results demonstrated P-Rank
as an effective similarity measurement. Sun et al. introduced
the concept meta-path based similarity in [44]. A meta-path
was defined as a path consisting of a sequence of relations
defined between object types. Different meta-paths carry differ-
ent semantic meanings in a heterogeneous information network.
For example, “author-paper-author” denotes co-author relation-
ship, while “author-paper-author-paper-author” indicates the two
authors share a co-author. Taking into account the different seman-
tic meanings associated with different types of links, it does not
make sense anymore to mix all links together for similarity mea-
surements. Under the meta-path framework, they proposed a novel
similarity measure called PathSim, which turns out to be more
meaningful in many scenarios compared with random-walk based
similarity measures. Base on the meta-path concept, Yu et al. pro-
posed a user guided similarity search in heterogeneous information
network [45]. Given a user query with examples as guidance, one
can understand the hidden semantic meanings of the query. Then
training dataset with positive and negative entity pairs was used to
learn a ranking model for finding the similar entities for the query.

In the current literature, only a few researchers have worked
on developing techniques for measuring similarity of objects in
heterogeneous network, and very limited number of them have
studied heterogeneous healthcare information network. In this
work, we proposed approaches for measuring similarity between
health consumers in a heterogeneous healthcare information net-
work.

3. Constructing heterogeneous healthcare information
network from consumer-contributed content

In this section, we explore the methods for extracting entities
and relations from given healthcare social media data. Here we first
give a definition of information network.

An Information Network is a directed or undirected graph G =
(v, E; T, R) with an entity type mapping: ¢ : v— T and a link type
mapping: ¢ : E — R.Vertex U € visan entity, while edgee=v,u ¢
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E represents a relationship between v and u, where v, u € v. Type
ti € T ={t1,t2, ..., ty} is an entity type, and ¢ (V) € T. All vertices
V= {Vluvz. ..UVy ; can be partitioned into n mutually exclusive
subsets. Relation r; € R = {r1, 2, ..., Tm} is a type of relationship,
and ¢ (e) € R.AlledgesE = {E1 UE;.. .UEn } canbe partitioned into
m mutually exclusive subsets. In a weighted network, w (e) denotes
the weights ofe=v, u € E.

An information network can be directed or undirected, homo-
geneous or heterogeneous. Fig. 1 shows examples of three different
types of information networks. Most current studies consider
information networks as homogeneous, that is, n=1 for T =
{t1,t2,...,tn} and m=1 for R={ry,ry,...,m}. As illustrated in
Fig. 1(a), a homogeneous information network contains only one
type of node and relationship.

However, most information networks are heterogeneous in real
world, where the number of entity types n>1 or the number
of relationship types m>1. An online health social community
can be abstracted as a heterogeneous network. The types of
nodes may include users, and named entities appearing in threads
such as drugs, diseases, and ADRs (Adverse Drug Reactions). The
edges could consist of drug-treat-disease, drug-cause-ADR, user-
take-drug, user-have-disease, and so on (Fig. 1(b)). In this case,
the network is a directed heterogeneous information network. A
directed network can be extracted when the relationship between
a pair of nodes can be determined. For example, in a bibliographic
network, the relationships among different types of entities, such as
paper, author, and topic, can be explicitly determined from a rela-
tional bibliography database [46,47]. However, it is not a trivial
task to effectively determine the relationships between different
entities in healthcare social media data. We may use sophisticated
natural language processing (NLP) techniques or thorough human
annotation. But it is reported that using NLP tools to analyze social
media data is quite challenging [48]. And human annotation would
be very time consuming.

In this work, we represented the healthcare social media data
as an undirected heterogeneous healthcare network. As shown in
Fig. 1(c), the network contains four types of nodes, including users,
drugs, diseases, and ADRs. And the entities are connected by their
co-occurrence relationships in the data. That means we only con-
sider one type of relationship here. We can expand the network by
adding more types of nodes and identifying explicit relationships
between entities in the future.

3.1. Entity recognition

As the constructed network will be used in following similar-
ity analysis, the quality of the network is critical. Lexicon-based
method uses exact match to find entities from the data, so it usu-
ally can achieve high precision. Therefore, we build dictionaries and
used them for entity recognition.

Recognizing consumers, namely healthcare social website users,
is straightforward. We extracted user names from corresponding
field in the data.

For drugs, we used DrugBank? to build the dictionary. DrugBank
is a comprehensive online database containing extensive bio-
chemical and pharmacological information about drugs [49]. The
database contains 7685 drug entries including 1549 FDA-approved
small molecule drugs, 155 FDA-approved biotech (protein/peptide)
drugs, 89 nutraceuticals and over 6000 experimental drugs [50].
This repository provides a comprehensive list of drugs for our study.
Fig. 2 shows a record example of Abacavir, which is a generic name
for the drug, followed by a list of brand names and brand mixture

2 http://www.drugbank.ca/.

names. For each drug, we collect its generic name, brand names and
bran mixture names.

For disease, we utilized UMLS? to build the dictionary. The UMLS
Metathesaurus contain health and biomedical concepts from many
vocabularies, including CPT, ICD-10-CM, LOINC, MeSH, RxNorm,
and SNOMED CT [51]. UMLS provides a semantic network to catego-
rize all concepts according to their semantic types. All concepts for
diseases are organized under the semantic type “Disease or Syn-
drome”. For each concept, UMLS includes a list of string names,
which are lexical variants for the concept. We extracted all con-
cepts with related string names from UMLS Metathesaurus to build
a dictionary for diseases.

For ADRs, we extracted dictionary from SIDER (Side Effect
Resource),* which contains information of recorded adverse drug
reactions of marketed medicines [52]. The authors asserted that
no such resource exists in machine-readable form so far to their
knowledge [53]. However, the situation for ADRs is more compli-
cated than drugs and diseases. Although some consumers could use
different expressions for drugs or diseases, most consumers reach
a consensus of names for drugs or diseases. For a drug, consumers
often use the brand name of the drug. A few of them could also use
the generic name. Likewise, people can also reach an agreement
on disease names, except for some lexical variants, which have
already been addressed in UMLS. Nevertheless, when it comes to
ADRs, it becomes more complicated. Consumers often use a variety
of expressions for ADRs. ADR is defined as an appreciably harmful
or unpleasant reaction, resulting from an intervention related to
the use of a medicinal product [54]. Strictly speaking, ADR is not a
disease. Instead, it is a reaction which could be a disease, a symp-
tom, or even just a sign. Therefore, it can be described in various
different ways. For instance, if a consumer experienced hair loss
after taking a drug, he/she might describe it as “hair loss”, “hair
falling”, or “baldness”. There are numerous ways of describing this
ADR. Moreover, because of the language gap between consumers
and health professionals, there is a mismatch between expressions
used by consumers and professional vocabularies. Taking “hair loss”
as example, the professional vocabulary for “hair loss” is “alopecia”
in SIDER, which it is too professional for most consumers that they
may not even know it. They are more likely to use “hair loss” instead
of “alopecia”. Therefore, it is necessary to study Consumer Health
Vocabulary (CHV) to explore methods for addressing this problem.

The consumer vocabulary problem has long been recognized
by researchers, and lots of efforts have been taken in developing
CHV to bridge the language gap. One remarkable achievement is
the development of the open access and collaborative (OAC) CHV,
which is defined as “a collection of forms used in health-oriented
communication for a particular task or need (e.g., information
retrieval) by a substantial percentage of consumers from a specific
discourse group and the relationship of the forms to professional
concepts” [55,56]. It was developed by identifying Consumer-
Friendly Display (CFD) names, that is, expressions describing
medical concepts likely to be recognized by most consumers, and
then map CFD names to professional vocabulary. Fig. 3 illustrates
the record of “alopecia” in CHV Wiki.> As we can see, the third
column shows the terminology, which is “alopecia” in this case,
while the second column gives a CHV preferred name, which is the
term that are recognized by most consumers. The first column con-
tains all alternative terms conveying the same meaning with the
professional term. Compared with professional terms, the alter-
native terms are more likely to be used by consumers. Therefore,
these terms can be used for expanding the professional terms in

3 http://www.nlm.nih.gov/research/umls/.
4 http://sideeffects.embl.de/.
5 http://consumerhealthvocab.chpc.utah.edu/CHVwiki/.
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Usar Druz . Diszasa ADR

Cause

Homogeneous Information
Network (=1, m=1)

@ ®)

Name Abacavir

Brand names 10 v | records per page
Name
Ziagen

Showing 1 to 1 of 1 entries

Brand mixtures 10 v | records per page

Brand Name
Epzicom

Kivexa

Directed Heterogeneous
Information Network (2= 4, m=5) Infonnation Network (2=4, m=1)

©

Fig. 1. Examples of Homogeneous Information Network (a), Directed (b) and Undirected (c) Heterogeneous Information Networks.

Undirected Heterogeneous

“* Company

ViiV Healthcare Company

4 Ingredients
Abacavir Sulfate + Lamivudine

Abacavir Sulfate + Lamivudine

Fig. 2. Example Record of Drug “Abacavir” in DrugBank with Generic Name and Brand Names.

SIDER. In this paper we only used CHV to expand ADRs dictionar-
ies. Even though consumers could also use different expressions for
drugs or diseases, the problem is much less severer according to our
observation. Most health consumers can easily refer to the indica-
tions on the prescribed to describe drugs and diseases; however,
they may vary in the expression of their experience or reactions
to drugs depending on their demographic backgrounds. The dictio-
naries based on DrugBank and UMLS can extract most valid drug
and disease names. But we could consider using CHV on drugs and
disease in our future work.

3.2. Relation extraction

Multiple entities are usually mentioned in a message posted
by a health consumer and relations can be drawn between these
entities. Fig. 4 illustrates an example of a message from MedHelp.
A MedHelp user started a thread, asking about other consumers’
experiences with some antidepressants. There are three entities
that we can identify from this message: drug - Celexa, drug -
Effexor, and disease - depression. The context of the message is
that a user has depression and he/she took Celexa before, but now
is on Effexor.

Co-occurrence analysis is the most direct way for relation
extraction. The basic idea is that if two entities co-occur with
each other, it implies an underlying relationship between them.
As shown in Fig. 4, since the three entities were mentioned in the
same message, there should be relationships between them accord-
ing to co-occurrence analysis. Moreover, the user who posted this
thread is also related to all entities in the message. And the two

users in the same thread are connected to each other, because
they co-occurred in a thread. Notice that the relations extracted is
non-directed. Based on this method, we can construct a small het-
erogeneous health information network from the example thread
as shown in Fig. 5.

4. Determine the similarity of users in healthcare
heterogeneous information network

In this section, we present two types of approaches for mea-
suring user similarity in the heterogeneous healthcare information
network, namely content-based approach and structural approach.
We talk about ContentSim, which is a content-based approach
based on document similarity using TF-IDF, in Section 4.1. After
that, we propose the local similarly method (ProfileNet) in Section
4.2 and the global similarity method (HealthRank) in Section 4.3.

4.1. Content-based similarity (ContentSim)

In our study, we are concerned with similar consumers who
are interested in common health-related topics. In an online health
social website, users participate in discussions on topics of interest.
The messages authored by a user can best represent his/her inter-
ests. Thus the problem of user similarity can be transformed into
the problem of content (text) similarity. Cosine similarity is a pop-
ular measurement for document similarity. A given document can
be represented by a term vector that contains all the terms appear
in the document. Cosine similarity measures the similarity of two
documents by calculating the cosine of the angle between their
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CHV Preferred Name UMLS Preferred Name

alopecia hair loss alopecia
alopecia disorders hair loss alopecia
alopecias hair loss alopecia
baldness hair loss alopecia
disorders hair loss hair loss alopecia
falling hair hair loss alopecia
falling hairs hair loss alopecia
falls hair hair loss alopecia

hair fall hair loss alopecia

hair falling hair loss alopecia
hair loss hair loss alopecia

Fig. 3. Example Record of “Alopecia” in CHV (first column - terms used by consumers; second column - CHV preferred term; third column - professional term).

o
[ 1 Comment

I hope someone can possibly help me. | was on[celexaltOmg for awhile and
then it stopped working. Now | am oner 75 MG's a day. | am so spaced
out,having trouble sleeping, does this ever go away? I've been taking this for only

a week though. Heard the withdrawals from the drug are nasty. Has anyone
been helped by this drug that has been diagnosed for clinical
Thanks for any comments.

Fig. 4. Example of a Message from MedHelp.

term vectors. In this study, for each user, the messages authored
by this user can be characterized by a term vector, and the value
of each dimension in this vector corresponds to the frequency of
each term in the messages. By calculating the cosine of two term
vectors, we can measure how similar two set of messages are. Here
the term vectors are simple word vectors that contain all words in
the messages. The problem is formulated as follow.

Given a set of users U = {uq, uy,...,uy} and a collection of
messagesM = {my, my, ..., myp}, user u; is the author of the mes-
sages m;. Each user u; can be represented by a term vector E =
{ti1. tio, ..., tim }, which are all terms in m;. t;; is the TF-IDF value
of the term in M. In order to measure the similarity of u; and u;,
we adopt the cosine similarity to calculate the similarity between

vector t; and ¢;:

1

st
— (1)
&g N

K

S (ui, u]) =

Nevertheless, content similarity has some shortcomings. Since
content-based approach measures the similarity using textual
content, the quality of the content is critical. However, consumer-
contributed content from online social websites are mainly
composed of informal narrative content, and the poor quality of
the content may impact the performance. Another challenge is that
active users’ interests cannot be easily represented by simple term
vectors. Unlike traditional documents that are usually focused on a
specific topic, an active user’s messages could cover diverse topics.
In that case, simple term vectors would not be able to best repre-

sent the user’s complex interests. Therefore, we propose another
approach based on structural information.

4.2. Local similarity (ProfileNet)

In this section, we propose a local similarity approach called
ProfileNet to measure similarity between consumers in a hetero-
geneous healthcare information network. ProfileNet is proposed
based on the concept ego-centered network. Ego-centered net-
work is a specific type of information network. Given the definition
of information network in the previous section, we define ego-
centered network as follows:

An ego-centered network is an information network that con-
sists of an ego node u and the nodes that node u is connected to
in distance d(d =1, 2, ---I). An ego-centered network could also
contain n(n>1) types of entities.

For example, for a user in a heterogeneous healthcare infor-
mation network, his/her ego-centered network in distance d=1
consists of the user node and all the nodes that the user node is
directly connected to. And his/her ego-centered network in dis-
tance d=2 contains all the nodes in distance 1 plus the nodes that
are directly connected to the nodes indistance 1.Ina heterogeneous
healthcare information network, we can extract the ego-centered
network for each user, and a user’s profile can be represented by the
entities that the user is associated with in his/her ego-centered net-
work. If two consumers talked about many same entities in threads,
it would be likely that they have very similar profiles.

Given the definition of the ego-centered network, we propose
to measure the similarity of two users as follows:
ti € {t1,t2, ..., tn} 2)
where t; € {t1, t2, ..., ty} denotes different types of entities in the
network, and o, is the weight assigned to type t;.

The Profile Pﬂl of a user node u is defined as a vector of weights
between u; and its neighbor nodes within distance d:

d — — —
Pu1 =Wt Weyy o oo, Wiy

(3)
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| hope somecne can possibly help me._ | was cajcele
then it stopped working I\o..lamon»"m o ke 15

xa|40mg fer anhile and

s aday. | am so spaced
cut having treuble sleeping, does this ever go away? I've been taking this for
cnly a week though. Heard the vithdrawals from the drug are nasty H:as anyone
been helped by this drug that has been ciagnosed foe clinical ey

Deprassion

Thanks fec any comments. ‘
1 Comment F Calaxa” Usérl | User2 ™ Trazadon2
¢ | User
—
Effexornas worked great for my brother It u<ually takes a couple of weeks to Effexor
get into your system. He also, takes|Tr: at night to help with sleeping
1 den't know if your sleeping any during the day or not, but with him he did
because of other medication he is on and it effected his right time sleep('ng |
weuld give it a little time to get into your system but out of 3" l
he has been ca the Effexor has worked wonders foc his e d keep his
mind stable.
Fig. 5. Example of Constructing Heterogeneous Network from a Thread from MedHelp.
and support (u) = freq (u) /totalcount 9)
d Ed
P (W[i) = (W (euyy ) » W (euywy) s+ W (€uyy ) ) (4)
where freq(ey,) is the frequency of the edge, namely the co-
where, v; € {V1, 12, ..., U are all the nodes of type t; in the union occurrence frequency of node u and node v. freq(u) denotes the

of ego-centered networks of node u; and u,, which means the type
of ; ¢ (v) = t;. w (ew,; ) is the weight between node u; and node vj,
and it is calculate by the following equation:

W(eul,,j) :w(eum) xw(exl,(z) X - xw(ex,,,,j) (5)

where {x1, X2, ..., Xp} are the nodes in the shortest path between
node uq and node v;. If multiple shortest paths exist between u,
and v;, we take the path with the largest weight.

Since consumers may have preference for different entity types,
the profile is organized into several separate vectors based on the
entity types. For example, two consumers may have similar profiles
because they both talked about the same drug, or because they are
interested in the same disease. In another word, consumers can be
similar in different ways. By taking into account the heterogeneity
of the network, we could provide personalized recommendation to
consumers. For example, if consumers prefer to find similar users
that are interested in same drugs, then we could set a higher weight
for the drug entities vectors.

The weight schema of the edges of a heterogeneous network
plays an important role in determining the similarity of users. In
the Profile Pﬂ, w (eyy) denotes the weight between node u and node
v. One method is considering all edges equally important and let
w((euw)) = 1. However, this is not the case for most real world infor-
mation network. A consumer would be more interested in one drug
than the other even if he/she talked about both in online forums.
To deal with this problem, we may use the co-occurrence fre-
quency between two nodes as the weight of the edge. Nevertheless,
simply using co-occurrence frequency could favor the nodes with
high frequency over those with much lower frequency. Another
method is using association measurements to calculate the associ-
ation strength between the two endpoints of an edge. In this study,
we propose to use leverage and lift, which are defined as follows:

leverage (u, v) = support (eyy) — support (u) x support (v) (6)
lift (u, v) = support (ewy) / (Support (u) x support (v)) (7)
where

support (eyy) = freq (eyy) /totalcount (8)

frequency of node u and totalcount is the total number of mes-
sages in the dataset. support (ey,) denotes the actual probability
of co-occurrence of node u and node v the dataset. support (u) x
support (v) is the probability of their co-occurrence if u and v
are absolutely independent. Therefore, leverage measures the dif-
ference between the actual co-occurrence probability and the
theoretical co-occurrence probability if the two nodes are inde-
pendent, and lift reflects the division of the actual probability
and theoretical probability. Both of them indicate the associations
between a pair of nodes. For example, lift can also be written as
following probability expression:

. support (eyy) P(u,v) P(v|u)
Hft (u, v) = support (u) x support (v) - P(u) x P(v) - P(v) (10)

lift (u, v) = 1 denotes that node u and v are statistically independent
with each other. lift (u, v) > 1 means that they are positively cor-
related, while lift (u, v) < 1 means they are negatively correlated.
For both leverage and lift, the higher the values, the stronger the
association strength.

Fig. 6 shows an example of two users’ profiles in distance 1.
There are four types of nodes in the network: user, drug, disease,
and ADR. For a user, there could be three types of profile vectors:
drug, disease, and ADR. In Fig. 6, we consider an unweighted net-
work. According to the formulation of the Profile P4, if we assign
the same weight to the three types of entities, then the similarity
between User1l and User2 should be 0.5. In Fig. 7, we used co-
occurrence frequency as the weights of the edges. In this case, we
can get a similarity score of 0.47.

Fig. 8 demonstrates the two users’ ProfileNet similarity in dis-
tance 2. As the distance increases, more related nodes would be
included in a user’s profile. Meanwhile, more irrelevant nodes could
also be includes. Therefore, the similarity score would not neces-
sarily increase or decrease as the distance increases. It depends on
the users’ ego-centered network structure. If more related nodes
were included, the similarity score will increase. Otherwise, it will
decrease. In this example, the similarity score decreased a little bit.
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Apidra Daissim Zoloft Us=r2 Dzprassion &
L .
Tezrl - Dz
; . Diszasz
Zolot . Diarrhza ADR
) Paxil )
Druz: {Apidra (1), Zoloft (1), Paxil (0)} Doz {Apidra (0), Zoloft (1), Paxil (1)}
Diszaza: {Deprassion (1)} Diszaze: {Deprassion (1)}
ADR: {Diarrhea (1)} ADR: {Diarrh=a ()}
1x0+1x1i+0x1 = 0.5
Drug: VEFTLEF0ExVIEF 2 712
- 1x1
== VIZx VT2
: il 05+1+0
ADR: Vi w 0T sim = —s = 0.5

Fig. 6. Example of Calculating Similarity between User1 and User2 using ProfileNet in Distance 1 (Unweighted).

Apidra Deprassion Zoloft User2 Deprassion
. 5 10 . Usar
3 20
Usarl Drug
v 10 .
10 . w9 @ Dis=as
Zoloft i - Diarrhea ADR
i Paxil

Drug: {Apidra (3), Zoloft (10), Paxil (0)}
Diseasa: {Deprassion (20)}

ADR: {Diasrhea (2)}

Drug: {Apidra (0), Zoloft (3), Paxil (10)}
Diseasa: {Deprassion (10)}

ADR: {Diarrhea (0)}

5Xx0+10x5+0x10

20 x10
V207 x VI0Z
2%0

ADR: —=
V22 x V07

V52 + 102 +02 X V0Z + 52 + 102

044140

=047
3

sim =

Fig. 7. Example of Calculating Similarity between User1 and User2 using ProfileNet in Distance 1 (Weighted - co-occurrence).

4.3. Global similarity (HealthRank)

The proposed ProfileNet measures similarity between con-
sumers from a local perspective. It considers the overlap of two
consumers’ neighbors within certain distance in the network. How-
ever, the local similarity has one shortcoming. The similarity of two
consumers cannot be measured if they have no common neigh-
bors in certain distance. For example, in Fig. 9, User1 and User2 are
directly connected to two different drugs Drugl and Drug2. In this
case, the local similarity would consider them dissimilar in terms
of Drug in distance 1. Nevertheless, even if they are not connected
to the identical Drug Entity in the network, there could be some

degree of similarity between them if Drug1 and Drug?2 are both used
to treat the same disease Disease1. And the two drugs could be con-
nected to Diseasel somewhere in the network. We may address
the problem by increasing the distance d in ProfileNet. However,
simply increasing d would include more and more irrelevant nodes
and impact the performance. To deal with this problem, we should
estimate the similarity between consumers from a global point of
view.

HealthRank is inspired by SimRank [36], which is a well-known
algorithm for global similarity, based on the idea that two objects
are similar if they are referenced by similar objects. SimRank is first
proposed for measuring nodes similarity in homogeneous directed
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o Apidra Deprassion
-' "3 2Qf.|m s
Dizbatas Usarl Effexor
10,/ O
Zoloft Y

Druz: {Apidra (5), Zoloft (10), Paxil (0), Efexor(200)}

Dissasza: {Daprassion (20), Diabat=:(100)}

ADR: {Diasrhea (2)}

Zoloft 5 Usar2 10 Dep;esiun Usar
Druz
10 ‘
10 . Diszasa
. Effexor ADR

Drus: {Apidra (0), Zoloft (5), Paxil (10), Effexor(100)}
Diszasa: {Daprassion (10), Diabatas(0)}

ADR: {Diarrh=a (00}
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Fig. 8. Example of Calculating Similarity between User1 and User2 using ProfileNet in Distance 2 (Weighted - co-occurrence).

Userl Drugl Diseasel Drug2  User2

Fig. 9. Problem with Local Similarity (users may not have common immediate
neighbors but they can be connected through other entities with a certain distance).

graph, and the authors only considered in-links for similarity cal-
culation.

Given two nodes u and v in a directed network, I (u) and I (v)
denote the set of in-neighbors of u and v, respectively. Individual
in-neighbors are denoted as I;(u), where 1 <i < |I(u)|. SimRank
calculate similarity of two nodes based on the following equation:

-
= {2 02
H(u) )l
Sk (U 0) = mzm |Z,-=1 sic (I (), () (12)

where Cis a constant between 0 and 1. Since it is possible that u or
v have no in-neighbors, s (u, v) = 0 when I (u) = ¢ or I (v) = ¢.

SimRank calculate similarities between nodes by iteratively
updating the similarities values of each pair of nodes in the net-
work. However, the conditions are different when it comes to
heterogeneous information network. Since nodes in heterogeneous
information network belong to different types of entities, it would
be misleading to calculate the similarity of two nodes of differ-
ent type. For example, it is impossible to measure the similarity
between a consumer and a disease. The global similarity should be
aggregated from the similarities of nodes of the same type. In addi-
tion, the heterogeneous health information network constructed in
previous section is an un-directed network. We need to consider all
neighbors of a node rather than just in-neighbors as in a directed
network. In light of this, we propose a global similarity approach
called HealthRank for heterogeneous healthcare information net-
work.

Given two nodes u and v in an un-directed heterogeneous infor-
mation network, N (1) and N (v) denote the set of neighbors of u and
v, respectively. Individual neighbors are denoted as N; (u), where

1 <i<|N(u)|. ¢(u) denotes the entity type of u. The similarity of
two nodes is calculated using the following equation:

0 (ifu#v)
= 13
So(u,v) {1 e (13)
0 (ifp(u) # o)
Ske1 (U, v) =

sc (N N @) () =9 )
(14)

INW)I
1

C IN(u)|
IN(u)[IN (V)| Zi:l Zj:

This approach considers all links equally important, but we
could also use different weight schema to reformulate Eq. (13) as
follows:

IN(u)I

C IN(W)I
Sk (U, V) = Wziﬂ Zj=1 Sk (Ni(u) ) Nj(”))

XW (euNi(u)) X W (e,,Nj(,,)) (15)

Unlike local similarity method, global similarity method calcu-
lated the similarity of each pair of nodes in the network at the same
time. Even if two nodes do not share any common neighbors, there
might still be certain degree of similarity between them if they are
connected to similar nodes.

5. Experiment

In order to test the proposed methods, we collected data from a
popular online health social website. In this section, we introduce
the experiments and discuss the results.

5.1. Dataset
We collected the dataset from a popular online health social

website MedHelp. Every month over 12 million people [12] seek
healthcare information, receive support, share experiences on this
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Table 1
General Information of the Constructed Network.

Network Information

# Nodes # Links Avg. Degree Density Diameter
5130 69487 13.564 0.005 10
Number of Nodes

#User Node #Disease Node #Drug Node #ADR Node
3059 1223 381 467

website. New threads are initiated every day by consumers, talk-
ing about various kinds of medical topics. This public available
consumer-contributed content is ideal for our study. In MedHelp,
there are hundreds of Medical Support Communities, each of which
focuses on a specific type of medical condition, such as heart dis-
ease, lung cancer, etc. Consumers can join in any communities of
interest by starting posts and participate in discussions. We col-
lected all threads from 8 communities, including heart disease,
depression, lung cancer, breast cancer, skin cancer, gastric cancer,
stomach cancer, and dental health. Then we randomly extract 200
threads with more than one participant from each community and
combine them into a dataset. The dataset contains a total of 1327
threads. In each thread, there are several messages authored by
individual users. There are a total of 6654 messages in the dataset.

5.2. Heterogeneous healthcare information network

In this study, we used message as analysis unit to extract enti-
ties as nodes and relations as links to construct the network. The
reason we chose message over thread for nodes and links extrac-
tion is that topic digression usually occurs in thread. Especially in
a long thread with tens of messages, messages posted by different
users might be about totally different diseases or drugs. Under this
circumstance, using co-occurrence analysis for relation extraction
from the whole thread would generate a large number of false links.
A message is usually focused on a single topic, so the entities in one
message are more likely to be related to each other. However, user
connections were extracted based on threads, because participat-
ing in the same thread indicates the co-occurrence between users.
For node frequency and link frequency, multiple appearances in
one message only accounted for one occurrence.

Given the above dataset, we used the proposed entity recogni-
tion and relation extraction methods to construct a heterogeneous
healthcare information network. The network contains four types
of nodes, including User, Drug, Disease, and ADR. Table 1 gives some
general information of the constructed heterogeneous healthcare
information network. As we can see, the network is quite sparse.
We then applied the proposed similarity analysis approaches to this
network.

5.3. Ground truth

Our study is motivated to find similar users from online health
social websites and recommend to consumers. Some consumers
with similar interests might have already interacted with each
other in online threads, however, there are still some others that
have never talked to each other and they might not even know the
existence of each other. We should be able to measure not only
the explicit similarity between consumers, but more importantly,
the implicit similarity. In order to set up the ground truth for the
experiment, two human annotators were recruited to go through
all the messages authors by the consumers and determine whether
a given pair of consumers is similar to each other.

In order to set up the ground truth, we select a sample of users
from the dataset to conduct the experiment. Intuitively, the more
messages a user posted, the more content would be available for
the content-based similarity. In addition, the user would also have
more connections to other nodes in the network. Based on this idea,
we could speculate that similarity analysis methods might have
different performance for active user and inactive users. Therefore,
we put users into three groups with node frequency 5 <freq<10,
10 <freq > 50, and freq>50 respectively. We exclude users who
have frequency less than 5 because these users are likely partic-
ipating in the discussion randomly without particular interests.
Then we randomly selected 5 users from each group. For each of
the 15 users, we randomly select 25 users, and we have 375 pairs
of users. The two human annotators then evaluate the 375 pairs
of users’ messages independently, and determine if each pair of
users has similar healthcare interests. Here we only consider high
level healthcare interest, such as breast cancer, dental health or
diabetes, rather than detailed healthcare concerns such as lymph
node, tumor size, or metastasis for breast cancer. Each pair of users
was labeled as similar or dissimilar to each other. The two anno-
tators are graduate students with healthcare informatics training
and have extensive experience working with medical professionals
and researchers.

We used the weighted Kappa [57] measure to compute the
inter-rater agreement. Weighted Kappa measure is a statistical
measure extended from Kappa measure for computing the agree-
ment between two ordered lists. It has a maximum value of 1 which
indicates a perfect agreement between two raters and a value of
0 when the agreement is not better than by chance. In general,
a weighted kappa measure value larger than 0.8 is considered to
be a very good agreement between the two raters. In our exper-
iment, the weighted Kappa measure was 0.95, which means that
two annotators reached a very good agreement and the ground
truth was reliable.

5.4. Evaluation measurement

In this experiment, we use F1 score to measure the performance.
For each target user of the 15 users, similarity analysis algorithms
were used to calculate the similarity scores between the target user
and the randomly selected 25 users. Then we got a list of users
ranking in a descending order of the similarity scores. We consider
the Top k (1 <k <25) users are similar to the target user and use
them for recommendation. If one user in Top k is considered as
similar to the target user by the ground truth, then we have a True
Positive (TP). However, if one user is determined as dissimilar with
the target user butis included in Top k, then we have a False Positive
(FP).If one user is considered as dissimilar with the target user and
isnotin the Top k, then itis a True Negative (TN). Finally, if one user
is considered as similar user to the target user but it is not ranked in
Top k, then we have a False Negative (FN). Based on the definition,
we can calculate the following:

precision = TP/ (TP + FP) (16)
recall = TP/ (TP + FN) (17)
F1 = 2 x precision x recall/ (precision + recall) (18)

5.5. Results and discussion

Given the above dataset, ground truth, and evaluation measure-
ment, we then conducted a series of experiments. For each target
user of the 15 users, 25 users were randomly selected to set up the
ground truth. According to the ground truth, an average of 5.27 out
of 25 users is similar to a target user. Therefore, we setk=1,2,3,4,5
for Top k and calculate the average F1 score from Top 1 to Top 5 for
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Table 2
F1 Score for Different Approaches (Top1-Top 5) (Unweighted).
User Frequency Top K ContentSim HealthRank ProfileNet ProfileNet ProfileNet
(d=1) (d=2) (d=3)

<10 1 0.34 0.26 0.26 0.34 0.00
2 0.57 0.39 043 0.40 0.00
3 0.74 0.48 0.45 0.47 0.07
4 0.78 0.59 0.44 0.55 0.18
5 0.73 0.60 0.45 0.62 0.19
Avg. 0.63 0.46 041 048 0.09

10-50 1 0.32 0.27 0.19 0.19 0.19
2 0.44 0.46 0.39 0.39 0.27
3 0.49 0.60 0.48 0.48 0.28
4 0.55 0.70 0.65 0.47 0.29
5 0.53 0.74 0.66 0.50 0.29
Avg. 047 0.55 047 0.40 0.26

>50 1 0.07 0.28 0.28 0.04 0.04
2 0.14 0.47 0.39 0.16 0.14
3 0.20 0.56 0.48 0.29 0.17
4 0.31 0.73 0.56 0.35 0.16
5 0.44 0.76 0.62 0.31 0.19
Avg. 0.23 0.56 0.46 0.23 0.14

each proposed method. There were three groups of users, and each
group contained 5 users. We used the average F1 score of users in
each group for evaluation.

5.5.1. Comparison among methods

We applied the proposed methods to the dataset. Next, we will
compare the performance of different methods and discuss the
results in details. In this part of experiment, we treated all links
in the network equally and let for all edges. And we tested the per-
formance of ProfileNet within distance d=1, 2, 3. Table 2 gives the
detailed average F1 score for each group of users from Top 1 to Top
5 using different similarity analysis methods. Fig. 10 shows aver-
aged F1 score, precision and recall of Top 1 to Top 5 for ContentSim,
HealthRank, and ProfileNet (d = 1) respectively.

5.5.1.1. ProfileNet within different distance. A noticeable pattern in
the results is that when the distance d increases, the performance
of ProfileNet reduces except for users with less than 10 mes-
sages. ProfileNet measures similarity based on users’ neighbors.
Theoretically, when the distance increases, more nodes would be
considered as the central node’s neighbors. Therefore, more noise
could be added into the calculation. However, for users who posted
less than 10 messages, there might be only a very small set of
neighbors, which makes it hard to find similar users. In this case,
increasing d could be likely to bring in relevant nodes rather than
noisy ones. But as d increases and exceeds certain threshold, more
noise could be brought in. In this experiment, performed better for
inactive users, and performed better for other user groups. Overall,
d =1 performed better on average.

5.5.1.2. Content-based similarity vs structural-based similarity.
Another interesting trend could be observed between content-
based method and structural methods in different user groups. As
we can see, ContentSim achieve an average F1 score higher than
0.6 when users participate in a very small set of threads. As users
get more active, ContentSim’s ability in identifying similar users
reduces. The F1 score of ContentSim for users who have posted
more than 50 messages is as low as 0.23. Contrarily, the perfor-
mance of both ProfileNet (d =1) and HealthRank increases as users
get more active.

The trend can be explained by the different underlying basic
ideas of different methods. Content-based method calculates sim-
ilarity between two users based on the threads authored by each
user. Active users usually participate in a great number of threads,

and theses threads could be about a diversity of topics. On the con-
trary, inactive users who only posted a few threads are likely to be
interested in only one or two topics. Therefore, inactive users have
more focused interests, while active users’ interests are diluted by
being spread over a large number of threads. In this case, content-
based similarity could yield better results for inactive users. On the
other hand, structural methods measure similarity based on users’
structural context such as users’ neighbors. Active users are con-
nected to much more entities than inactive users. Thus, the local
or global network of an active user bears richer structural informa-
tion than that of an inactive user. Therefore, structural approaches
performed better for active users.

5.5.1.3. Local similarity vs global similarity. Next, we compared the
performance of local similarity (ProfileNet) and global similarity
(HealthRank). Both methods outperformed ContentSim. However,
global similarity (HealthRank) outperformed local similarity (Pro-
fileNet) for all user groups.

ProfileNet measures the similarity between two users locally,
based on their direct neighbors. However, this method cannot
calculate the similarity score if the two users have no common
neighbors. Especially in a sparse network, it is highly possible that
two users are not directly connected to the same set of nodes but
they are similar to some extent. One potential solution is increasing
the distance d. For example, if one user is linked to “Prozac” while
another user is connected to “Zoloft”, ProfileNet with d=1 would
consider them as dissimilar. But if we let d =2, we might find that
both “Prozac” and “Zoloft” are connected to the disease “Depres-
sion”, and now the two users are both related to “Depression”. In
this case, we could say that they are similar. Nevertheless, increas-
ing d could also bring in noisy nodes and impact the performance,
which is discussed above. Global similarity method addressed this
problem well. By measuring similarity between two users based
on the similarity of their neighbors, global similarity could over-
come the scarcity problem and calculate similarity scores even if
two users do not have immediate common neighbors.

5.5.2. Weight schema for structural methods

We also conducted experiments on local and global similarity
approaches using different weight schemas for the edges in the
network. Since ProfileNet with d=1 performed better on average
for all user groups, we only conducted experiment on ProfileNet
with. Figs. 11 and 12 demonstrate the results for local and global
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Fig. 10. F1 Score (a), Precision (b) and Recall (c) for Different Approaches (Averaged Top1-Top 5) (Unweighted).
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Fig. 11. F1 Score for ProfileNet with Different Weight Schema.
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Fig. 12. F1 Score for HealthRank with Different Weight Schema.
Table 3
F1 Score for ProfileNet and HealthRank with Different Weight Schema.

User Frequency Unweight Co-occurrence Leverage Lift
HealthRank
<10 0.46 0.42 0.44 0.30
10-50 0.55 0.32 0.58 0.41
>50 0.56 0.36 0.57 0.37
ProfileNet (d=1)
<10 041 0.46 0.47 0.39
10-50 0.47 0.54 0.55 0.49
>50 0.46 0.48 0.48 0.40

approaches respectively, and Table 3 shows the detailed F1 score
of different weight schemas for both approaches.

As we can see, for ProfileNet, Leverage and Co-occurrence
were comparable and performed better than the other two. As
for the HealthRank, Leverage and Unweight performed better. Co-
occurrence frequency is the easiest way to measure the strength of
a connection between two nodes. However, it performs the worst
for HealthRank. A possible reason could be that the similarity can
be biased due to some nodes with high frequencies. The weighted
global similarity approach calculates the similarity by multiply-
ing the weights, so the nodes with very high frequency are more
likely to have higher similarity scores with other nodes. The local
similarity calculates the cosine similarity between two profiles, so
it mainly depends on the angle between the two vectors and is
less sensitive to the absolute value of the co-occurrence frequency.
Leverage performs the best for both approaches.

5.5.3. Hybrid methods

From the above results, we can see that content-based method
performed differently from structural-based methods for different
user groups. Local and global similarity methods also have differ-
ent results among different user groups. We may speculate that
different methods may capture different aspects of the similarity
relationship between two users. If we integrate the methods, we
may get a more comprehensive measurement of user similarity.
Therefore, we used logical operator AND/OR to integrate differ-
ent similarity measuring methods. Specifically, given two different
methods M1 and M2, if the similarity relationship of two users were
captured by both methods, M1 AND M2 considers them as similar
to each other. If the similarity relationship were captured by either
method, M1 OR M2 considers the users as similar to each other. As
shown in the previous section, using leverage as the link weight
produced the best results in structural similarity. As a result, we
used leverage as the link weight in this part of experiment.

We first used logical operators to combine content-based
method and structural methods. In this work we introduced two
different structural methods ProfileNet and HealthRank. Therefore,
we combined the content-based method with each of the two struc-
tural methods respectively. As we can see in Figs. 13 and 14, the two
sets of combination have very similar results. AND operator gener-
ated the worst performance, while OR operator produced the best
performance except for active user group. Both of “ContentSim OR
ProfileNet” and “ContentSim OR HealthRank” generated the best
performance in inactive user group, and the performance reduced
as users get more active. This result may be influenced by the trend
of content-based method. In spite of that, we can tell that the OR
operator captured the strength of both methods and improved the
performance for some user groups.
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Fig. 13. F1 Score for the Combination of ContentSim and ProfileNet.

ContentSim & HealthRank-leverage

0.70
0.60 m ContentSim
o 0.50 m HealthRank
g 040 AND
g 030 .
0.20
0.10
0.00

<10 10~50 >50

Fig. 14. F1 Score for the Combination of ContentSim and HealthRank.
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Fig. 15. F1 Score for the Combination of ProfileNet and HealthRank.

We then combined the local and global structural similarity
methods, and Fig. 15 illustrates the results. The AND operator still
performed the worst. Local OR global structural similarity produced
the best results, and performed comparably with HealthRank for
active users. The results implied that local and global structural
could capture different aspects of the relationship of two users.
When we combine the two methods together, we could get a better
performance than either individual method.

Finally, we combined the content-based method with “Pro-
fileNet OR HealthRank” to test if we can further improve the
performance. As shown in Fig. 16, the OR operator performed bet-
ter than the other methods except HealthRank in active user group.
The OR combination of the methods is significantly impacted by the
content-based method, which performed poorly for active users.
Therefore, HealthRank still outperformed the OR operator here.

ContentSim & (ProfileNet OR HealthRank)

0.70

0.60 u ContertSim
P 050 m HealthRank
§ 0.40 ProfileNet
= 0.30 AND

0.20

mOR
0.10
0.00
<10 10~50 >50

Fig.16. F1 Score for the Combination of ContentSim and (ProfileNet OR HealthRank).

5.6. Limitations

In this study, we used external dictionaries to extract different
types of named entities from healthcare social media data. Since
the consumer language problem is quite severe for ADRs, we used
CHV to address the problem. We observed that most consumers
used formal expressions for drugs and diseases, so we only used
professional vocabularies for identifying drug and disease names.
However, we may still miss some consumer expressions for drugs
and diseases. Consumers would refer to drugs or diseases using
their own slang or daily language instead of universally recognized
names. This could be improved in the future by applying CHV to
identifying drug and disease names.

In order to extract relationships between different entities, we
applied co-occurrence analysis to find connections among entities.
Therefore, we only captured one type of relationship between dif-
ferent types of entities. To determine the explicit relationship, we
may need to resort to sophisticated natural language processing
and semantics analysis techniques. Also, the relation extraction
can be supported by using external ontologies or domain expert
knowledge. We may use existing knowledge-based relationships
to build connections between entities, such as drug-treat-disease,
drug-cause-ADRs, and so on. In this work, we captured the het-
erogeneity of different types of entities in the network, and we
can further improve the work by supplementing different types of
relationships into the network.

Another limitation of this study is that we evaluated the meth-
ods on alimited dataset. And that is related to the inherent problem
of human annotations. Manual annotation is time-consuming and
laborious. In the future, we would like to explore alternative eval-
uation methods with less human efforts and use larger dataset for
validation.

6. Conclusions

Online health social websites have established platforms where
consumers can share healthcare information and provide social
support for each other. However, the relationships between con-
sumers in online health social websites are built on weak social ties.
Social networking activities are usually based on common inter-
ests rather than long-term relationships. Therefore, it would be
difficult for consumers to find similar users efficiently when they
need useful informational or emotional support. In this work, we
proposed to consider an online health social website as a heteroge-
neous healthcare information network, and explored methods for
constructing such a network. After that, we introduced three dif-
ferent methods for measuring user similarity in an online health
social website, including a content-based method and two struc-
tural methods.
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As demonstrated in the experiments, content-based method
performed better than structural methods for inactive user group.
Inactive users that posted a very small set of messages usually
have very focused interests, which could be effectively captured
by content-based methods. On the other hand, structural methods
yielded better performance for users with more than ten mes-
sages. This is because active users are connected to more entities
in the network, so richer structural information would be available
for structural methods to measure the similarity. The results also
showed that global similarity method outperformed local similarity
method. Local similarity only considers direct connections between
nodes in the network, while global similarity takes into account
indirect connections. In this case, global similarity could deal with
sparse networks and capture the implicit similarity between two
users. We also tested the performance of structural methods using
different weight schema, and it was shown that leverage performed
the best for both local and global similarity. Finally, we used logical
operator to combine different methods. We demonstrated that dif-
ferent methods could capture different aspects of user similarity,
and we could get a more comprehensive measurement by combin-
ing different methods together.

For future study, we will develop more structural methods for
measuring similarity between nodes in a heterogeneous healthcare
information network. In addition, the structural methods intro-
duced in this work not only can be used to measure the similarity
between users, but also can be extended to address other prob-
lems. For example, we could represent threads by entity nodes and
recommend threads to users who might have similar interests.
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