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a b s t r a c t

Medical care can improve the life quality since a patient can modify his habits and lifestyle
in order to prevent the occurrence of probable correlated future symptoms causing to a dis-
ease. In this paper, we predict the onset of future symptoms on the base of the current
health status of patients. The problem of predicting the relations between symptoms
(abnormal parameters in this paper) which can be shown as the reason of a disease in
the future is a really difficult and, at the same time, an important task. For this purpose,
the present paper first constructs a weighted medical data network considering the rela-
tions between abnormal parameters. Then, we propose a link prediction method to identify
the connections between parameters, building the evolving structure of medical data net-
work with respect to patients’ ages. To the best of our knowledge, this is the first attempt in
predicting the connections between the results of laboratory tests. Experiments on a real
network demonstrate that the proposed approach can reveal new abnormal parameter cor-
relations accurately and perform well at capturing future disease risks.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Social networks are social structures composed by enti-
ties and relationships among them. In this structure, new
connections and entities appear or disappear overtime.
This case makes them highly dynamic and complex sys-
tems. Analysis of social network includes broad field of
research concerning method and strategies for the study
of social networks [1]. Link prediction is an important task
treated by social network analysis. This task is concerned
to the problem of predicting the existence of a connection
between two entities and the interactions already present
in the network. In this meaning, link prediction can explain
the reasons of the evolution in a social network.

So far, many approaches have been proposed in order to
handle link prediction task. All of these methods are based

on the measures indicating the proximity between nodes.
These measures proposed in the literature are generally
categorized into semantic or topological/structural mea-
sures [2]. In semantic measures, the content of the nodes
is taken into account to evaluate proximity. For example,
the similarity between topics discovered from titles can
be used to predict future connections among the authors
in a co-authorship network. As apart from the semantic
ones, the topological measures consider the network struc-
ture to obtain the proximity values. Topological measures
are more widely adopted because they are more general
and do not require detailed information related to the con-
tent of node. Moreover, this content may not be present for
every time at the social network considered. Topological
measures are categorized into neighborhood-based or
path-based measures [3]. The neighborhood-based mea-
sures consider the immediate neighbors of the nodes.
According to this measure, if the neighbors of two nodes
have a large overlap, they will probably form a link [2].
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The most widely used measures among them are Common
Neighbors [4], Preferential Attachment [4,5], Adamic-Adar
Index [6] and Jaccard’s Coefficient [7]. The path-based
measures generate a proximity value considering the paths
between the related nodes. According to this idea, it is
probable that two nodes will form a link if short paths
are present in between the related nodes [8].

Many studies have been done to overcome the link pre-
diction problem [9–11]. However, in order to predict new
relations at future time, many of studies are established
on the applications of proximity measures to non-con-
nected pairs of nodes in the network at present time. Prox-
imity measures showing the similarity between pairs of
nodes can be utilized either by unsupervised [9,10,12], or
supervised link prediction [11,13,14]. In unsupervised
methods, a proximity measure is selected and utilized to
rank node pairs in the network. The node pairs having good
score are predicted to be linked. In the supervised
approach, the link prediction problem is handled as a clas-
sification task and attributes of network are used as predic-
tor attributes by a classification method. A classifier
employs these attributes to implement a binary classifica-
tion to find whether the link will be occurred or not in the
future. In all of the above mentioned studies, the proximity
values are calculated without considering the evolution of
the network. In other words, the proximity measures are
calculated using all network data up to the current net-
work state without taking into account when links are cre-
ated. Therefore, hidden and potentially valuable source of
information is not adequately considered for link
prediction.

There are specific cases occurred between a pair of
nodes in sequential time intervals. These cases deal with
creation or removal of link between nodes. For instance,
a new link can be formed between two nodes in the next
interval, while they are not connected in a specific time
interval. This situation represents the evolution of the
related social network. Some studies, recently, have been
done concerning the use of time intervals for link predic-
tion. Tylenda et al. [15] proposed a network model in
which link weight was showing the age of the most recent
specific cases between the related nodes. Brigmann et al.
[16] proposed a network with temporal information for
discovering association rules explaining the network evo-
lution. The other approaches proposed for link prediction
handles the task as a time series forecasting problem
[17–19]. In these studies, the time series models were uti-
lized to improve prediction correctness of proximity
values.

1.1. Motivation and contribution

For many different areas, link prediction can be used to
expect future behavior or to recognize likely relationships
that are hard or expensive to understand directly
[20–22]. One of these areas is related to medical care
research area. Medical care area needs to become more
proactive than reactive in recognizing the onset of disease
and risk [23,24]. Currently, physicians use laboratory
results to further determine the patient’s stage of health.
However, there is some disadvantages such as generally

to focus on only a few medical parameters (symptoms)
and to linked by a particular doctor’s experience, memory,
and time. Therefore, current medical care is not proactive
and is not enough treating or eliminating a disease at the
earliest signs.

As a remedy to the above mentioned problems, in this
paper, we propose a predictor to determine the risk of indi-
viduals to develop disease, and to undertake the correct
actions at the earliest signs of illness. To this purpose, we
first construct a weighted medical data network which
indicates the relationships between abnormal parameters
of disease. In this network, each node represents the
abnormal parameters of patients; the edges connect these
parameters appearing in the same patient. Then, we pro-
pose a link prediction method based on the evolution of
the constructed medical data network in order to identify
the relations between all the parameters which can cause
any disease, gathering the results obtained at several labo-
ratories. Finally, we test the proposed method on the med-
ical data network constructed with laboratory results of
patients more than 210,000. The experimental results
demonstrate the accuracy of our method on supervised
prediction and encourage us for further analysis.

The rest of the paper is organized as follows. Section 2
illustrates the construction of medical data network.
Section 3 presents our link prediction method, proposing
evolving structure of medical data network and evolving
cases in this network. The conducted experiments and
the results achieved for the medical data network are dis-
cussed in Section 4. Conclusions and future research direc-
tions are included in Section 5.

2. The construction of medical data network

In this paper, medical data contains the results of the
laboratory tests. In these data, there are many medical
parameters (symptoms) tested for a patient. If all the val-
ues of these parameters are within reference interval, it
can be said that the person coming to the hospital does
not have a disease. However if one of them or several
parameters are not within reference interval, in other
words, it exceeds the maximum value of the interval or it
is lower than the minimum value of the interval, then this
parameter exhibits an abnormal case and it is probable
that the person having this laboratory result has a disease.

In the medical data network, nodes are the abnormal
parameters which are not within reference interval. If the
value of the parameter X is larger than the maximum value
of reference interval then, this node is represented by X.H,
where H stands for High. In contrast, if the value of the
parameter X is lower than the minimum value of the refer-
ence interval then it is represented by X.L, where L stands
for Low. If the parameter X has a categorical or binary
value, the unexpected value is represented by X.A where
A stands for Abnormal. In the constructed medical data
network, edges connect these pairs of abnormal parame-
ters appearing in the same patient. Thus, a relationship
between two abnormal parameters exists whenever they
appear simultaneously in a patient. In this paper, we con-
struct a medical data network and exploit the connections
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