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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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e communities [4]. They can learn highly technical and
formation about various medical conditions. The online

pport was fulfilling a learning as well as support func-
cially for consumers concerned with chronic or mental
,5]. The rapid development of online healthcare social

 has supported consumers’ healthcare information search-
gnificantly reducing barriers to healthcare information.
rs can see what their peers are experiencing, and dis-
lthcare topics with people who have similar concerns.
, this vast amount of healthcare information comes with
s. Consumers could easily be overwhelmed by the ocean
ation and realize that it is difficult to find the most rel-
ce. In an online health social website with hundreds of
s of threads on all kinds of health-related topics, search-
e very difficult for consumers, not to mention most of

 not skilled information searcher. Consumers use very dif-
guage from professional terms to express the healthcare
, and this language problem directly leads to poor query

 [7]. In addition, consumers usually cannot fully under-
ir health conditions due to the lack of medical knowledge,
ould further hinder effective information searching [7].
ch circumstance, asking for informational support from
nsumers could be much more efficient in seeking health
on than relying on browsing or using the website search

 Consequently, a good recommendation system that can
ers to users for their information needs is desired.
onal support is another important social support con-
ould benefit from an online health social website. Many
describe their situations as “understandable only if you
e through a similar situation.” This understanding is part
hy, which naturally stems from going through a simi-
ion [8]. Therefore, emotional support could be especially
when it comes from similar consumers. And prior studies

n that emotional support could help patients to maintain
ttitude towards health issues and to achieve better health

 [9,10]. So, social networking with similar consumers not
ides a shortcut to relevant healthcare information, but

s consumers to find emotional resonance.
ver, online health social websites are different from tra-
ocial media sites. In traditional social media sites such as

 and Twitter, people keep in contact with a list of friends,
etworks are often built based on one’s existing social ties
e can follow their friends and keep track of news in their
aily lives. Social networking activities in such social media
ased on the relationship between the participants but not
ly based on the desire of in-depth discussion on healthcare
ssues. Nevertheless, in an online health social websites,
working activities are mainly based on common concerns
an long-term relationships. Consumers would participate

e discussion thread or send messages to others because
r interests, but they seldom maintain a long-term rela-

ith each other. The social ties are much weaker in online
e social websites [11]. In this case, consumers may not be
ickly find the most similar users with themselves when

 informational or emotional support. Therefore, recom-
n of similar users to consumers in online health social

 is desirable.
 work, we propose to consider an online healthcare social
s a heterogeneous healthcare information network, and
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.1 Millions of Consumers post discussion threads on a vari-
althcare topics in MedHelp every day [12], and we can
e online threads for our study. In most existing studies on
science, information networks are usually assumed to be
eous, where nodes are objects of the same entity type and
relationships from the same relation type. However, most
ld networks are heterogeneous, where nodes and relations
ferent types [13]. Healthcare information network is one
terogeneous network. Different types of relations convey

 semantic meanings, and treating all the nodes or links as
e type may  miss important semantic information [13].

st of the paper is organized as follows. In Section 2, we
lated work on network construction, including named

cognition and relation extraction, and then we discuss
tudies on similarity analysis. In Section 3, we  introduce

 for constructing a heterogeneous healthcare information
from an online healthcare social website. In Section 4, we
hree different methods based on content-based approach
tural approach for recommending similar users in online
cial websites. Section 5 presents the details on experiment,

 data collection, ground truth, results and discussion.
e  conclude the work in Section 6.

ture review

tructing heterogeneous healthcare information network

 a set of healthcare social media data, the question is how
uct an information network to best represent the data.
to do that, we  need to identify entities and relationship

 entities from the data. In this section, we review related
named entity recognition and relation extraction from
e social media data.

 studies have been reported on named entity recognition
lthcare social media data in the past few years. Some
rs used lexicon to identify entities such as Adverse Drug

 (ADRs) and drugs. In [14], Leaman et al. created a lexicon
ning terms and concepts from four resources and used it
y adverse reactions in user comments collected from Dai-
h. Patki et al. [15] expanded the lexicon used by Leaman

 by adding addition terms from two more sources: SIDER II
onsumer Health Vocabulary (CHV) [17]. Benton et al. [18]
ebsites and databases that contain lists of dietary supple-

harmaceuticals, and adverse events for terms to create a
d vocabulary, and then augmented the vocabulary using

s lexicon, language patterns were also utilized to auto-
 extract mentions of ADRs from user reviews about drugs
network websites [19]. Pimpalkhute et al. proposed an

 to generate most probable misspelled drug name vari-
uerying social media postings. The underlying intuition

ced with the task of writing an unfamiliar, complex word
 name), users will tend to revert to phonetic spelling [20].
other researchers used machine learning techniques to
DRs from social media data. Using Twitter as data source,
l. [21] created a manually annotated corpus of 10,882
at were used to train automated tools to extract ADRs

eets. Nikfarjam et al. [22] extracted user posts from

ngth and Twitter, and introduced ADRMine, a machine
sequence tagger for concept extraction from social media.

 utilizes a variety of features such as context features,
con, part-of-speech tags, negations, and a novel feature
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ling words’ semantic similarities. The experiment results
hat ADRMine outperforms several strong baseline systems
R extraction task.
s of relation extraction, there is a large body of literature

ADR relation extraction from social media data. Benton
 used co-occurrence statistics identified drug event pairs
rpus of posts to breast cancer message boards. Bian et al.

 Natural Language Processing (NLP) techniques and a sup-
or machine (SVM) classifier trained on a manually labeled

 tweets to find drug users and potential adverse events.
l. [24,25] employed association rule mining to identify
ip between drugs and ADRs in online posts, and proved

thcare social media data is promising for ADR detection.
hen [26] developed a shortest dependency path kernel
and trained a SVM to learn patterns to detect drug and
vents in patient forum posts. They proposed generating

 and semantic features for relation instances based on the
ependency path from medical events to treatment enti-

larity analysis

studies have been reported for measuring user similarity
ferent methods for different purposes. Generally, meth-
milarity analysis fall into two categories: content-based
es and structural analysis approaches.
nt-based similarity has its roots in Information Retrieval
nsively studies of similarity of documents have been done
munity [27]. Many recommendation systems utilize the

 between users to predict users’ ratings of items. A rec-
ation system that is based on user-based collaborative
lgorithm [28] usually first finds similar uses for a target

 uses the ratings of the similar users to estimate the tar-
 interests for certain items. Therefore, the measurement
ity between users plays a fundamental role in these sys-
ommon method is calculating similarity based on users’
hich could be item ratings, browsing logs, clicks, queries

. Cosine similarity and Pearson’s correlation are popular
 measures in collaborative filtering [28–30]. Xiao et al.

 users’ access logs to web pages to measure the similarity
interests. In order to measure the similarity more pre-
y also took into account the actual time when users were

he web pages. Pennacchiotti and Gurumurthy [32] used a
el to represent users as mixtures of topics based on their
fter that, they recommend to a target user those users
ly similar topic distributions.
rity based on structural analysis approaches are exploited
y in information network studies. The problem can be

 calculating a measure of proximity or similarity between
s in a network. Some approaches adopted local similar-
res, based on the idea that two nodes are likely to be

 they share a large number of neighbors in the network.
d-of-Friend algorithm, which is adopted by many popular
cial websites such as Facebook.com, is based on the intu-

 ‘if many of my  friends consider Alice a friend, perhaps
ld be my  friend too’[33]. The most basic implementa-
is idea is to compute the number of common neighbors
ard’s coefficient and Adamic/Adar index are alternative
easures based on common neighbors [35]. SimRank algo-
posed by Jeh and Widom computes a global similarity of

tural context in which objects occur [36]. The underlying
is “two objects are similar if they are related to similar
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at starts from a node faces two  choices at each step: either
 randomly among the available edges to move, or jumping
e starting node with a given probability. Symeonidis et al.
d a transitive node similarity measure for friends recom-
n in social networks [40]. Specifically, two persons that
cted with a path have a higher probability to know each

oportionally to: (1) the length of the path they are con-
ith, and (2) the degree of similarity between the neighbor
t form that pathway. The structural features of a node can
presented by its ego-centered network and the similar-
m can be also viewed as calculating the similarity of two

ered networks. Xiang et al. proposed a metric of similarity
two subgraphs in a network. The idea is that two sub-

aving more connections or being simultaneously closely
d to other subgraphs are likely to have higher proximity to
r [41]. Hsu et al. used the structural features of each user
mend users with common interests in a social network
t existing structural similarity measures are explored in
eous networks. However, most information networks in
d are heterogeneous rather than homogeneous.
tly, some researchers start to explore methods for mea-

ilarity of nodes in heterogeneous networks. Zhao et al.
ched SimRank algorithm by encoding both in- and out-
ionships and proposed P-Rank to compute the structural
. Unlike SimRank that only considers in-linked neigh-

ank also calculates the similarity of out-linked neighbors
 a parameter � to balance the relative weight of in-
link directions. They applied P-Rank to a heteroge-
ormation network and the results demonstrated P-Rank
fective similarity measurement. Sun et al. introduced
ept meta-path based similarity in [44]. A meta-path
ned as a path consisting of a sequence of relations
etween object types. Different meta-paths carry differ-
ntic meanings in a heterogeneous information network.
ple, “author-paper-author” denotes co-author relation-
le “author-paper-author-paper-author” indicates the two
hare a co-author. Taking into account the different seman-
ings associated with different types of links, it does not
se anymore to mix  all links together for similarity mea-

ts. Under the meta-path framework, they proposed a novel
 measure called PathSim, which turns out to be more

ful in many scenarios compared with random-walk based
 measures. Base on the meta-path concept, Yu et al. pro-
ser guided similarity search in heterogeneous information
[45]. Given a user query with examples as guidance, one
rstand the hidden semantic meanings of the query. Then
ataset with positive and negative entity pairs was  used to
nking model for finding the similar entities for the query.

 current literature, only a few researchers have worked
oping techniques for measuring similarity of objects in
neous network, and very limited number of them have
eterogeneous healthcare information network. In this

 proposed approaches for measuring similarity between
nsumers in a heterogeneous healthcare information net-

ructing heterogeneous healthcare information
 from consumer-contributed content

 section, we  explore the methods for extracting entities
ions from given healthcare social media data. Here we first

finition of information network.
ormation Network is a directed or undirected graph G =
) with an entity type mapping: ϕ : � → T and a link type
: � : E → �. Vertex � ∈ � is an entity, while edge e = v, u ∈

vier on December 11, 2017.
c. All rights reserved.
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nts a relationship between v and u, where �, u ∈ �. Type
t1, t2, . . .,  tn} is  an entity type, and ϕ (�) ∈  T . All vertices
V2. . .∪Vn

}
can be partitioned into n mutually exclusive

elation rj ∈ R = {r1, r2, . . .,  rm} is a type of relationship,
∈  R. All edges E =

{
E1∪ E2. . .∪  Em

}
can be partitioned into

lly exclusive subsets. In a weighted network, w (e) denotes
ts of e = v, u ∈ E.

ormation network can be directed or undirected, homo-
r heterogeneous. Fig. 1 shows examples of three different
information networks. Most current studies consider
on networks as homogeneous, that is, n = 1 for T =
.,  tn} and  m = 1 for R = {r1, r2, . . .,  rm}.  As illustrated in
a homogeneous information network contains only one
de and relationship.

ver,  most information networks are heterogeneous in real
here the number of entity types n > 1 or the number
nship types m > 1. An online health social community
bstracted as a heterogeneous network. The types of
y  include users, and named entities appearing in threads
rugs, diseases, and ADRs (Adverse Drug Reactions). The
ld consist of drug-treat-disease, drug-cause-ADR, user-

g, user-have-disease, and so on (Fig. 1(b)). In this case,
ork is a directed heterogeneous information network. A
etwork can be extracted when the relationship between
odes can be determined. For example, in a bibliographic

 the relationships among different types of entities, such as
thor, and topic, can be explicitly determined from a rela-
liography database [46,47]. However, it is not a trivial

ffectively determine the relationships between different
 healthcare social media data. We  may  use sophisticated
nguage processing (NLP) techniques or thorough human
n. But it is reported that using NLP tools to analyze social
ta is quite challenging [48]. And human annotation would
me consuming.

 work, we represented the healthcare social media data
irected heterogeneous healthcare network. As shown in
he network contains four types of nodes, including users,
eases, and ADRs. And the entities are connected by their
ence relationships in the data. That means we only con-

 type of relationship here. We  can expand the network by
ore types of nodes and identifying explicit relationships
entities in the future.

y recognition

 constructed network will be used in following similar-
sis, the quality of the network is critical. Lexicon-based
ses exact match to find entities from the data, so it usu-

chieve high precision. Therefore, we build dictionaries and
 for entity recognition.

nizing  consumers, namely healthcare social website users,
tforward. We  extracted user names from corresponding
e data.

ugs, we used DrugBank2 to build the dictionary. DrugBank
prehensive online database containing extensive bio-

 and pharmacological information about drugs [49]. The
 contains 7685 drug entries including 1549 FDA-approved
lecule drugs, 155 FDA-approved biotech (protein/peptide)
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r each drug, we collect its generic name, brand names and
ture names.
ease, we  utilized UMLS3 to build the dictionary. The UMLS
aurus contain health and biomedical concepts from many
ries, including CPT, ICD-10-CM, LOINC, MeSH, RxNorm,

ED CT [51]. UMLS provides a semantic network to catego-
ncepts according to their semantic types. All concepts for
are organized under the semantic type “Disease or Syn-
For each concept, UMLS includes a list of string names,
e lexical variants for the concept. We  extracted all con-
h related string names from UMLS Metathesaurus to build
ry for diseases.

DRs, we  extracted dictionary from SIDER (Side Effect
),4 which contains information of recorded adverse drug

 of marketed medicines [52]. The authors asserted that
resource exists in machine-readable form so far to their
ge [53]. However, the situation for ADRs is more compli-
n drugs and diseases. Although some consumers could use

 expressions for drugs or diseases, most consumers reach
sus of names for drugs or diseases. For a drug, consumers

 the brand name of the drug. A few of them could also use
ric name. Likewise, people can also reach an agreement
e names, except for some lexical variants, which have
een addressed in UMLS. Nevertheless, when it comes to
ecomes more complicated. Consumers often use a variety
sions for ADRs. ADR is defined as an appreciably harmful
sant reaction, resulting from an intervention related to

f a medicinal product [54]. Strictly speaking, ADR is not a
nstead, it is a reaction which could be a disease, a symp-
ven just a sign. Therefore, it can be described in various

 ways. For instance, if a consumer experienced hair loss
ng a drug, he/she might describe it as “hair loss”, “hair
r “baldness”. There are numerous ways of describing this

reover, because of the language gap between consumers
h professionals, there is a mismatch between expressions
onsumers and professional vocabularies. Taking “hair loss”
le, the professional vocabulary for “hair loss” is “alopecia”

 which it is too professional for most consumers that they
ven know it. They are more likely to use “hair loss” instead
cia”. Therefore, it is necessary to study Consumer Health
ry (CHV) to explore methods for addressing this problem.
onsumer vocabulary problem has long been recognized
chers, and lots of efforts have been taken in developing
ridge the language gap. One remarkable achievement is
opment of the open access and collaborative (OAC) CHV,
defined as “a collection of forms used in health-oriented
ication for a particular task or need (e.g., information

 by a substantial percentage of consumers from a specific
 group and the relationship of the forms to professional

” [55,56]. It was  developed by identifying Consumer-
Display (CFD) names, that is, expressions describing
oncepts likely to be recognized by most consumers, and

 CFD names to professional vocabulary. Fig. 3 illustrates
d of “alopecia” in CHV Wiki.5 As we  can see, the third
hows the terminology, which is “alopecia” in this case,

 second column gives a CHV preferred name, which is the
 are recognized by most consumers. The first column con-

alternative terms conveying the same meaning with the
rms are more likely to be used by consumers. Therefore,
ms can be used for expanding the professional terms in

ww.nlm.nih.gov/research/umls/.
ideeffects.embl.de/.
onsumerhealthvocab.chpc.utah.edu/CHVwiki/.
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Fig. 1. Examples of Homogeneous Information Network (a), Directed (b) and Undirected (c) Heterogeneous Information Networks.
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 this paper we only used CHV to expand ADRs dictionar-
though consumers could also use different expressions for
iseases, the problem is much less severer according to our
on. Most health consumers can easily refer to the indica-
the prescribed to describe drugs and diseases; however,

 vary in the expression of their experience or reactions
epending on their demographic backgrounds. The dictio-

sed on DrugBank and UMLS can extract most valid drug
se names. But we could consider using CHV on drugs and

 our future work.

ion extraction
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ig. 4 illustrates an example of a message from MedHelp.
lp user started a thread, asking about other consumers’
es with some antidepressants. There are three entities

can identify from this message: drug – Celexa, drug –
nd disease – depression. The context of the message is
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xor.
urrence analysis is the most direct way  for relation
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the same thread are connected to each other, because
ccurred in a thread. Notice that the relations extracted is

cted. Based on this method, we can construct a small het-
us health information network from the example thread

 in Fig. 5.

mine the similarity of users in healthcare
neous information network

 section, we  present two  types of approaches for mea-
er similarity in the heterogeneous healthcare information

 namely content-based approach and structural approach.
about ContentSim, which is a content-based approach

 document similarity using TF-IDF, in Section 4.1. After
ropose the local similarly method (ProfileNet) in Section
e global similarity method (HealthRank) in Section 4.3.

ent-based similarity (ContentSim)

 study, we  are concerned with similar consumers who
sted in common health-related topics. In an online health
bsite, users participate in discussions on topics of interest.
ages authored by a user can best represent his/her inter-
s the problem of user similarity can be transformed into
em of content (text) similarity. Cosine similarity is a pop-

surement for document similarity. A given document can
ented by a term vector that contains all the terms appear
cument. Cosine similarity measures the similarity of two
ts by calculating the cosine of the angle between their

vier on December 11, 2017.
c. All rights reserved.
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Fig. 3. Example Record of “Alopecia” in CHV (first column – terms used by consumers; second
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tors. In this study, for each user, the messages authored
ser can be characterized by a term vector, and the value
imension in this vector corresponds to the frequency of

 in the messages. By calculating the cosine of two  term
e can measure how similar two set of messages are. Here

vectors are simple word vectors that contain all words in
ages. The problem is formulated as follow.
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→
ti =

 . .,  tim

}
, which are all terms in mi. ti1 is the TF-IDF value

m in M. In order to measure the similarity of ui and uj,
 the cosine similarity to calculate the similarity between
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→
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=
→
ti ·

→
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→
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→
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(1)

theless,  content similarity has some shortcomings. Since
ased approach measures the similarity using textual
he quality of the content is critical. However, consumer-
ed content from online social websites are mainly
d of informal narrative content, and the poor quality of
nt may  impact the performance. Another challenge is that
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user’s complex interests. Therefore, we propose another
 based on structural information.

l similarity (ProfileNet)

s section, we propose a local similarity approach called
t to measure similarity between consumers in a hetero-
healthcare information network. ProfileNet is proposed

 the concept ego-centered network. Ego-centered net-
 specific type of information network. Given the definition
ation network in the previous section, we  define ego-

 network as follows:
o-centered network is an information network that con-
n ego node u and the nodes that node u is connected to
ce d (d = 1, 2, · · ·l).  An ego-centered network could also
(n > 1) types of entities.
ample, for a user in a heterogeneous healthcare infor-
etwork, his/her ego-centered network in distance d = 1

of the user node and all the nodes that the user node is
onnected to. And his/her ego-centered network in dis-

 2 contains all the nodes in distance 1 plus the nodes that
ly connected to the nodes in distance 1. In a heterogeneous
e information network, we can extract the ego-centered

for each user, and a user’s profile can be represented by the
hat the user is associated with in his/her ego-centered net-

o  consumers talked about many same entities in threads,
be likely that they have very similar profiles.

 the definition of the ego-centered network, we propose
re the similarity of two users as follows:

2, . . .,  tn} (2)

∈ {t1, t2, . . .,  tn} denotes different types of entities in the
 and ˛ti

is the weight assigned to type ti.
ofile Pd

u1
of a user node u1 is defined as a vector of weights
 u1 and its neighbor nodes within distance d:

t1 ,
→

wt2 , . . .,
→

wtn

}
(3)
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(
eu1vk
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(4)

∈
{

v1, v2, . . .,  vk

}
are all the nodes of type ti in the union

ntered networks of node u1 and u2, which means the type
= ti. w

(
eu1vj

)
is the weight between node u1 and node vj,

alculate by the following equation:

= w
(

eu1x1

)
× w

(
ex1x2

)
× · · · × w

(
exnvj

)
(5)

1, x2, . . .,  xn} are  the nodes in the shortest path between
nd node vj. If multiple shortest paths exist between u1

 take the path with the largest weight.
consumers may  have preference for different entity types,
e is organized into several separate vectors based on the
es. For example, two consumers may  have similar profiles
hey both talked about the same drug, or because they are
d in the same disease. In another word, consumers can be

 different ways. By taking into account the heterogeneity
work, we could provide personalized recommendation to
rs. For example, if consumers prefer to find similar users
terested in same drugs, then we could set a higher weight
ug entities vectors.
eight schema of the edges of a heterogeneous network
important role in determining the similarity of users. In
e Pd

u , w (euv) denotes the weight between node u and node
ethod is considering all edges equally important and let

 1. However, this is not the case for most real world infor-
etwork. A consumer would be more interested in one drug
other even if he/she talked about both in online forums.

ith this problem, we may  use the co-occurrence fre-
etween two nodes as the weight of the edge. Nevertheless,
ing co-occurrence frequency could favor the nodes with
uency over those with much lower frequency. Another
s using association measurements to calculate the associ-
ngth between the two endpoints of an edge. In this study,
se to use leverage and lift, which are defined as follows:

u,  v) = support (euv) −  support (u) × support (v) (6)
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rom a Thread from MedHelp.

) = freq (u) /totalcount (9)

eq (euv) is  the frequency of the edge, namely the co-
ce frequency of node u and node v. freq (u) denotes the
y of node u and totalcount is the total number of mes-
the dataset. support (euv) denotes the actual probability
urrence of node u and node v the dataset. support (u) ×
) is the probability of their co-occurrence if u and v
utely independent. Therefore, leverage measures the dif-
etween the actual co-occurrence probability and the

al co-occurrence probability if the two  nodes are inde-
 and lift reflects the division of the actual probability
retical probability. Both of them indicate the associations
a pair of nodes. For example, lift can also be written as

 probability expression:

= support (euv)
support (u) × support (v)

= P (u, v)
P (u) × P (v)

= P(v|u)
P (v)

(10)

= 1 denotes that node u and v are statistically independent
 other. lift (u, v) > 1 means that they are positively cor-
hile lift (u, v) < 1 means they are negatively correlated.

leverage and lift, the higher the values, the stronger the
n strength.
shows an example of two  users’ profiles in distance 1.

 four types of nodes in the network: user, drug, disease,
 For a user, there could be three types of profile vectors:
ease, and ADR. In Fig. 6, we consider an unweighted net-
cording to the formulation of the Profile Pd

u , if we assign
 weight to the three types of entities, then the similarity
User1 and User2 should be 0.5. In Fig. 7, we  used co-

ce frequency as the weights of the edges. In this case, we
 similarity score of 0.47.
demonstrates the two users’ ProfileNet similarity in dis-
As the distance increases, more related nodes would be
in a user’s profile. Meanwhile, more irrelevant nodes could
cludes. Therefore, the similarity score would not neces-
rease or decrease as the distance increases. It depends on
’ ego-centered network structure. If more related nodes
uded, the similarity score will increase. Otherwise, it will
. In this example, the similarity score decreased a little bit.

vier on December 11, 2017.
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Fig. 6. Example of Calculating Similarity between User1 and User2 using ProfileNet in Distance 1 (Unweighted).
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 similarity between them if Drug1 and Drug2 are both used
e same disease Disease1. And the two  drugs could be con-

 Disease1 somewhere in the network. We  may  address
em by increasing the distance d in ProfileNet. However,
creasing d would include more and more irrelevant nodes
ct the performance. To deal with this problem, we  should
the similarity between consumers from a global point of

Rank is inspired by SimRank [36], which is a well-known

 for global similarity, based on the idea that two objects
r if they are referenced by similar objects. SimRank is first

 for measuring nodes similarity in homogeneous directed
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Fig. 8. Example of Calculating Similarity between User1 and User2 using Profi
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 two nodes u and v in a directed network, I (u) and I (v)
e set of in-neighbors of u and v, respectively. Individual
ors are denoted as Ii (u), where 1 ≤ i ≤ |I (u) |. SimRank

 similarity of two nodes based on the following equation:{
0 (ifu /=  v)
1 (ifu = v)

(11)
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)
(12)

s a constant between 0 and 1. Since it is possible that u or
 in-neighbors, s (u, v) = 0 when I (u) = � or I (v) = �.
nk calculate similarities between nodes by iteratively

 the similarities values of each pair of nodes in the net-
wever, the conditions are different when it comes to

neous information network. Since nodes in heterogeneous
on network belong to different types of entities, it would
ding to calculate the similarity of two  nodes of differ-

 For example, it is impossible to measure the similarity
a consumer and a disease. The global similarity should be
d from the similarities of nodes of the same type. In addi-
eterogeneous health information network constructed in

section is an un-directed network. We  need to consider all
s of a node rather than just in-neighbors as in a directed

 In light of this, we propose a global similarity approach
althRank for heterogeneous healthcare information net-
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(u) |. ϕ (u) denotes the entity type of u. The similarity of
s is calculated using the following equation:{

0 (ifu /=  v)
1 (ifu = v)

(13)

⎧⎨
⎩

0 (ifϕ (u) /=  ϕ (v))

C
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)
(ifϕ (u) = ϕ (v))

(14)

pproach considers all links equally important, but we
o use different weight schema to reformulate Eq. (13) as

 v) = C

|N (u) ||N (v) |
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(
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)
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)
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(
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 local similarity method, global similarity method calcu-
similarity of each pair of nodes in the network at the same
n if two nodes do not share any common neighbors, there
ll be certain degree of similarity between them if they are
d to similar nodes.

iment

er to test the proposed methods, we  collected data from a
nline health social website. In this section, we introduce
iments and discuss the results.

set
llected the dataset from a popular online health social
edHelp. Every month over 12 million people [12] seek

e information, receive support, share experiences on this

vier on December 11, 2017.
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Table 1
General Information of the Constructed Network.

Network Information
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r size, or metastasis for breast cancer. Each pair of users

as similar or dissimilar to each other. The two anno-

raduate students with healthcare informatics training

tensive experience working with medical professionals

hers.

d the weighted Kappa [57] measure to compute the

agreement. Weighted Kappa measure is a statistical

tended from Kappa measure for computing the agree-

en two ordered lists. It has a maximum value of 1 which

perfect agreement between two raters and a value of

agreement is not better than by chance. In general,

kappa measure value larger than 0.8 is considered to

ood agreement between the two raters. In our exper-

weighted Kappa measure was 0.95, which means that

tors reached a very good agreement and the ground

eliable.

tion measurement

periment, we use F1 score to measure the performance.

rget user of the 15 users, similarity analysis algorithms

o calculate the similarity scores between the target user

domly selected 25 users. Then we got a list of users

descending order of the similarity scores. We consider

1 ≤ k ≤ 25) users are similar to the target user and use

commendation. If one user in Top k is considered as

e target user by the ground truth, then we have a True

). However, if one user is determined as dissimilar with

ser but is included in Top k, then we have a False Positive

user is considered as dissimilar with the target user and

Top k, then it is a True Negative (TN). Finally, if one user

d as similar user to the target user but it is not ranked in

we have a False Negative (FN). Based on the definition,

ulate the following:

TP/ (TP + FP) (16)

(TP + FN) (17)

ecision × recall/ (precision + recall) (18)

and discussion

e above dataset, ground truth, and evaluation measure-
15 users, 25 users were randomly selected to set up the

h. According to the ground truth, an average of 5.27 out

s similar to a target user. Therefore, we set k = 1, 2, 3, 4, 5

d 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

(d = 1)

ProfileNet

(d = 2)

ProfileNet

(d = 3)

<10 1 0.34 0.26 0.26 0.34 0.00

2 0.57 0.39 0.43 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 0.41 0.48 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. 0.47 0.55 0.47 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
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ed method. There were three groups of users, and each

ined 5 users. We used the average F1 score of users in

for evaluation.

arison among methods
ied the proposed methods to the dataset. Next, we will

e performance of different methods and discuss the

etails. In this part of experiment, we treated all links

ork equally and let for all edges. And we tested the per-

f ProfileNet within distance d = 1, 2, 3. Table 2 gives the

rage F1 score for each group of users from Top 1 to Top

erent similarity analysis methods. Fig. 10 shows aver-

re, precision and recall of Top 1 to Top 5 for ContentSim,

, and ProfileNet (d = 1) respectively.

fileNet within different distance. A noticeable pattern in

is that when the distance d increases, the performance

et reduces except for users with less than 10 mes-

leNet measures similarity based on users’ neighbors.

ly, when the distance increases, more nodes would be

as the central node’s neighbors. Therefore, more noise

ded into the calculation. However, for users who posted

0 messages, there might be only a very small set of

which makes it hard to find similar users. In this case,

could be likely to bring in relevant nodes rather than

But as d increases and exceeds certain threshold, more

be brought in. In this experiment, performed better for

rs, and performed better for other user groups. Overall,

ed better on average.

tent-based similarity vs structural-based similarity.
teresting trend could be observed between content-

od and structural methods in different user groups. As

, ContentSim achieve an average F1 score higher than

sers participate in a very small set of threads. As users

ctive, ContentSim’s ability in identifying similar users

e F1 score of ContentSim for users who have posted

50 messages is as low as 0.23. Contrarily, the perfor-

th ProfileNet (d = 1) and HealthRank increases as users
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erent methods. Content-based method calculates sim-

een two users based on the threads authored by each

users usually participate in a great number of threads,

We also

approaches

network. Si

for all user

with. Figs. 1
0.48 0.29 0.17

0.56 0.35 0.16

0.62 0.31 0.19

0.46 0.23 0.14

threads could be about a diversity of topics. On the con-

ve users who only posted a few threads are likely to be

n only one or two topics. Therefore, inactive users have

ed interests, while active users’ interests are diluted by

d over a large number of threads. In this case, content-

arity could yield better results for inactive users. On the

, structural methods measure similarity based on users’

ontext such as users’ neighbors. Active users are con-

uch more entities than inactive users. Thus, the local

twork of an active user bears richer structural informa-

at of an inactive user. Therefore, structural approaches

better for active users.

al similarity vs global similarity. Next, we compared the

e of local similarity (ProfileNet) and global similarity

k). Both methods outperformed ContentSim. However,

larity (HealthRank) outperformed local similarity (Pro-

all user groups.

et measures the similarity between two users locally,

heir direct neighbors. However, this method cannot

e similarity score if the two users have no common

Especially in a sparse network, it is highly possible that

re not directly connected to the same set of nodes but

ilar to some extent. One potential solution is increasing

e d. For example, if one user is linked to “Prozac” while

r is connected to “Zoloft”, ProfileNet with d = 1 would

em as dissimilar. But if we let d = 2, we might find that

c” and “Zoloft” are connected to the disease “Depres-

ow the two users are both related to “Depression”. In

e could say that they are similar. Nevertheless, increas-

also bring in noisy nodes and impact the performance,

cussed above. Global similarity method addressed this

ell. By measuring similarity between two users based

larity of their neighbors, global similarity could over-

carcity problem and calculate similarity scores even if

o not have immediate common neighbors.

ht schema for structural methods

conducted experiments on local and global similarity

using different weight schemas for the edges in the

nce ProfileNet with d = 1 performed better on average

groups, we only conducted experiment on ProfileNet

1 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

Fig. 11. F1 Score for ProfileNet with Different Weight Schema.

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
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respectively, and Table 3 shows the detailed F1 score

weight schemas for both approaches.
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as users get
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operator ca

performanc
(Averaged Top1–Top 5) (Unweighted).

can see, for ProfileNet, Leverage and Co-occurrence

arable and performed better than the other two. As

lthRank, Leverage and Unweight performed better. Co-

frequency is the easiest way to measure the strength of

n between two nodes. However, it performs the worst

ank. A possible reason could be that the similarity can

ue to some nodes with high frequencies. The weighted

larity approach calculates the similarity by multiply-

ghts, so the nodes with very high frequency are more

ve higher similarity scores with other nodes. The local

alculates the cosine similarity between two profiles, so

epends on the angle between the two vectors and is

e to the absolute value of the co-occurrence frequency.

rforms the best for both approaches.

id methods
e above results, we can see that content-based method

differently from structural-based methods for different

. Local and global similarity methods also have differ-

among different user groups. We may speculate that

ethods may capture different aspects of the similarity

between two users. If we integrate the methods, we

more comprehensive measurement of user similarity.

we used logical operator AND/OR to integrate differ-

ty measuring methods. Specifically, given two different

1 and M2, if the similarity relationship of two users were

both methods, M1 AND M2 considers them as similar

er. If the similarity relationship were captured by either

OR M2 considers the users as similar to each other. As

he previous section, using leverage as the link weight

he best results in structural similarity. As a result, we

ge as the link weight in this part of experiment.

t used logical operators to combine content-based

d structural methods. In this work we introduced two

uctural methods ProfileNet and HealthRank. Therefore,

d the content-based method with each of the two struc-

ds respectively. As we can see in Figs. 13 and 14, the two

bination have very similar results. AND operator gener-

rst performance, while OR operator produced the best

e except for active user group. Both of “ContentSim OR

and “ContentSim OR HealthRank” generated the best
e in inactive user group, and the performance reduced

more active. This result may be influenced by the trend

based method. In spite of that, we can tell that the OR

ptured the strength of both methods and improved the

e for some user groups.
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Fig. 13. F1 Score for the Combination of ContentSim and ProfileNet.

Fig. 14. F1 Score for the Combination of ContentSim and HealthRank.
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core for the Combination of ContentSim and (ProfileNet OR HealthRank).

tations

 study, we used external dictionaries to extract different
named entities from healthcare social media data. Since
mer language problem is quite severe for ADRs, we used
ddress the problem. We  observed that most consumers

al expressions for drugs and diseases, so we only used
nal vocabularies for identifying drug and disease names.
, we  may  still miss some consumer expressions for drugs
ses. Consumers would refer to drugs or diseases using

 slang or daily language instead of universally recognized
his could be improved in the future by applying CHV to
g drug and disease names.

er to extract relationships between different entities, we
o-occurrence analysis to find connections among entities.
, we only captured one type of relationship between dif-
es of entities. To determine the explicit relationship, we

d to resort to sophisticated natural language processing
antics analysis techniques. Also, the relation extraction
pported by using external ontologies or domain expert
e. We  may  use existing knowledge-based relationships
onnections between entities, such as drug-treat-disease,
se-ADRs, and so on. In this work, we captured the het-
y of different types of entities in the network, and we
er improve the work by supplementing different types of
hips into the network.
er  limitation of this study is that we evaluated the meth-
imited dataset. And that is related to the inherent problem

 annotations. Manual annotation is time-consuming and
. In the future, we  would like to explore alternative eval-
ethods with less human efforts and use larger dataset for
.

usions

 health social websites have established platforms where
rs can share healthcare information and provide social
or each other. However, the relationships between con-

 online health social websites are built on weak social ties.
tworking activities are usually based on common inter-
er than long-term relationships. Therefore, it would be
or consumers to find similar users efficiently when they
ful informational or emotional support. In this work, we

 to consider an online health social website as a heteroge-
althcare information network, and explored methods for
ethods for measuring user similarity in an online health
bsite, including a content-based method and two struc-
hods.

vier on December 11, 2017.
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