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Abstract. Comorbidities are the presence of one or more additional disorders or
diseases co-occurring with a primary disease or disorder. The purpose of this
study is to identify diseases that co-occur with HIV/AIDS and analyze the gender
differences. Data was collected from 536 HIV/AIDS admission medical records
out of 1,377,469 admission medical records from 1997 to 2010 in Taiwan. In this
study, the comorbidity relationships are presented in the phenotypic disease
network (PDN), and ¢-correlation is used to measure the distance between two
diseases on the network. The results show that there is a high correlation in the
following pairs/triad of diseases: human immunodeficiency virus infection with
specified conditions (042) and pneumocystosis pneumonia (1363), human immu-
nodeficiency virus infection with specified malignant neoplasms (0422) and
kaposi’s sarcoma of other specified sites (1768), human immunodeficiency virus
acquired immunodeficiency syndrome, and unspecified (0429) and progressive
multifocal leukoencephalopathy (0463), and lastly, human immunodeficiency
virus infection with specified infections (0420), meningoencephalitis due to
toxoplasmosis (1300), and human immunodeficiency virus infection specified
infections causing other specified infections (0421).
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1 Introduction

The human immunodeficiency virus infection and acquired immune deficiency syn-
drome (HIV/AIDS) epidemic is one of the most important and crucial public health
risks facing governments and civil societies in the world. Adolescents were at the
center of the pandemic in terms of transmission, impact, and potential for changing
the attitudes and behaviors that underlie this disease. Therefore, HIV/AIDS preven-
tion has become a priority all over the world.

The first HIV/AIDS case in Taiwan was reported in 1984. As of the end of 2013,
the total number of HIV/AIDS cases had been accumulated to 26,475. Faced with this
serious situation, Taiwan’s Centers for Disease Control worked with other depart-
ments and dedicated a tremendous amount of effort and resources to introduce harm
reduction programs. Total reported cases dropped in 2006, which was the first trend
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reversal since 1984. In 2008 and thereafter, the epidemic took a turn; infections main-
ly occurred through sexual encounter [1].

There are no clear boundaries between many diseases, as diseases can have mul-
tiple causes and can be related in several dimensions. From a genetic perspective, a
pair of diseases can be related because they have both been associated with the same
gene, whereas from a proteomic perspective, diseases can be related because disease-
associated proteins act on the same pathway [2].

During the past half-decade, several resources have been constructed to help un-
derstand the entangled origins of many diseases. Many of these resources have been
presented as networks in which interactions between disease-associated genes, pro-
teins, and expression patterns have been summarized. Goh, Cusick, Valle, Barton,
Vidal, and Barabasi created a network of Mendelian gene-disease associations by
connecting diseases that have been associated with the same genes [3]. Besides, more
and more studies have applied the network approach in diseases, such as neurodege-
nerative diseases [4], infertility etiologies [5], SARS, and HIV/AIDS [6].

A comorbidity relationship exists between two diseases whenever they affect the
same individual substantially more than chance alone. In the past, comorbidities have
been used extensively to construct synthetic scales for mortality prediction [7, 8], yet
their utility exceed their current use. Studying the structure defined by entire sets of
comorbidities might help the understanding of many biological and medical questions
from a perspective that is complementary to other approaches. For example, a recent
study built a comorbidity network in an attempt to elucidate neurological diseases’
common genetic origins [9]. Heretofore, however, neither this data nor the data neces-
sary to explore relationships between all diseases is currently available to the research
community.

This present study decided to provide this data in the form of a phenotypic disease
network (PDN) that includes all diseases recorded in the medical claims. Additional-
ly, this study illustrates how a PDN can be used to study disease progression from a
network perspective by interpreting the PDN as the landscape where disease progres-
sion occurs and shows how the network can be used to study phenotypic differences
between patients of different demographic backgrounds. This study indicates the di-
rectionality of disease progression, as observed in our dataset, and finds out that more
central disease in the PDN are more likely to occur after other diseases and that more
peripheral diseases tend to precede other illnesses.

In order to guide HIV/AIDS-related diseases prevention program, this study con-
ducted the PDN of HIV/AIDS to explore the relationship between HIV/AIDS and
other diseases. The objective of this study is to identify diseases that are highly corre-
lated with HIV/AIDS, and discuss gender differences.

2 Materials and Method

2.1 Data Source and Sample

The National Health Insurance (NHI) program was initiated in Taiwan in 1995 and
covers nearly all residents. In 1999, the Bureau of NHI began to release all claims
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data in electronic form to the public under the National Health Insurance Research
Database (NHIRD) project. The structure of the claim files is described in detail on
the NHIRD website and in other publications [10].

Table 1. Data characteristics of admission medical records in this study

Variable N %

Gender Female 701528 50.93
Male 673985 48.93

Unknown 1956 .14

Age ~19 219762 15.95
20~21 180822 13.13

30~39 182862 13.28

40~49 169302 12.29

50~59 171601 12.46

60~69 168399 12.23

71~ 284721 20.67

Year 1997 71925 5.22
1998 74422 5.40

1999 79087 5.74

2000 84089 6.10

2001 89181 6.47

2002 95232 6.91

2003 91465 6.64

2004 108586 7.88

2005 117954 8.56

2006 114446 8.31

2007 113092 8.21

2008 111843 8.12

2009 113112 8.21

2010 113035 8.21

HIV/AIDS Yes 536 .04
No 1376933 99.96

1377469 100.00

NHIRD offers reliable, systematic, and complete data for disease detection. The
datasets contained only the visit files, including dates, medical care facilities and spe-
cialties, patients’ genders, dates of birth, and the four major diagnoses coded in the
International Classification of Disease, 9th Revision, Clinical Modification
(ICD-9-CM) format [10, 11]. In total, the ICD-9-CM classification consists of 657
different categories at the 3 digit level and 16,459 categories at 5 digits. Human im-
munodeficiency virus infection and acquired immune deficiency syndrome
(HIV/AIDS) is coded 042 as Human immunodeficiency virus (HIV) infection disease,
0420 as human immunodeficiency virus infection with specified infections, 0421 as
specified infections causing other specified infections, 0422 as human immunodefi-
ciency virus infection with specified malignant neoplasms, and 0429 as acquired im-
munodeficiency syndrome, and unspecified. To protect privacy, the data on patient
identities and institutions had been scrambled cryptographically.
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The visit files in this study represented 1,377,469 admission activities within the
NHI from 1997 to 2010. Demographically, the data set consists of 1,377,469 admis-
sion medical records from 1,000,000 patients. Of all these patients, 50.93% were fe-
males, 48.93 were males, 20.67% were over 71 years of age, and 536 persons were
diagnosed with HIV/AIDS (Table 1).

Table 2. Data characteristics statistics of HIV/AIDS admission medical records in this study.

Variable N )

Gender Female 45 8.40
Male 491 91.60

Age ~19 12 2.24
20~21 118 22.01

30~39 168 31.34

40~49 149 27.80

50~59 68 12.69

60~69 9 1.68

71~ 12 2.24

Year 1997 3 0.56
1998 4 0.75

1999 10 1.87

2000 6 1.12

2001 15 2.80

2002 22 4.10

2003 16 2.99

2004 40 7.46

2005 69 12.87

2006 78 14.55

2007 56 10.45

2008 62 11.57

2009 70 13.06

2010 85 15.86

HIV/AIDS 042 461 86.01
0420 21 3.92

0421 3 .56

0422 4 75

0429 47 8.77

536 100.00

These HIV/AIDS admission medical records included 45 females (8.40%) and 491
males (91.60%). Of all the 536 HIV/AIDS records, 461 (86.01%) had major diagnos-
es coded 042, 21 (3.92%) had major diagnoses coded 0420, 3 (.56%) had primary
diagnoses coded 0421, and 7 (8.77%) had major diagnoses coded 0429 (Table 2).

2.2  Data Limitations

There are several limitations to the current study. First, although data gathered from
NHIRD is comprehensive and reliable, there are still some mistakes that the system
couldn't find, such as code entry errors. These errors may be carried into data
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pre-processing, and it is beyond the control of this study. Second, the data was not up-
to-date. Although future researchers are still recommended to apply the method of this
study to analyze the characteristics of patients for the purpose of disease prevention,
changes of medical treatments and other factors should be considered. Third, this
study does not have a global sample, so there might be limits to replicate the findings
of this study in all the other countries. It might, however, be generalized to other eth-
nic Chinese population due to the similarity in genes and physiology.

2.3  Measure of the Strength of Comorbidity Relationships

To measure the comorbidity relationships, it is necessary to quantify the strength of
comorbidities by introducing a notion of distance between two diseases. A difficulty
of this approach is that different statistical distance measures have biases that over- or
under-estimate the relationships between rare or prevalent diseases. These biases are
important given that the number of times a particular disease is diagnosed, such as
its prevalence, follows a heavy tailed distribution [2], meaning that while most dis-
eases are rarely diagnosed, a few diseases have been diagnosed in a large fraction of
the population.

In this study, the ¢-correlation is used to quantify the distance between two diseas-
es. The ¢-correlation, which is Pearson’s correlation for binary variables, can be
expressed mathematically as [2, 12]:

CN—FP 6]

%= PR -BWN-P)

where Cj is the number of patients affected by both diseases, N is the total number of
patients in the population and P; and P; are the prevalence of diseases i and j. The
distribution of ¢ values representing all disease pairs where C;>0 is presented in
Fig 1,3 and 5.

2.4 Network Approach

This research utilizes data from NHIRD to obtain the four major diagnoses codes of
all patients. This study calculates @-correlation with Equation 1. Pajek 4.03 program
was used to compute the compute the degree of centrality and betweenness of each
node and the path value (p-correlation). This study is focused on the path between
each disease as network and the correlation as the value of line (path weight), and
they could be affected by different populations, which indicates differences in gender
for each population.

3 Results

It can be summarized the set of all comorbidity associations between all diseases ex-
pressed in the study population by constructing a Phenotypic Disease Network
(PDN). In the PDN, nodes are disease phenotypes identified by unique ICD9 codes,



Network Analysis of Comorbidities: Case Study of HIV/AIDS in Taiwan 179

and links phenotypes that show significant comorbidity according to the measures
introduced above.

In principle, the number of disease-disease associations in the PDN is proportional
to the square of the number of phenotypes, yet many of these associations are either
not strong or are not statistically significant [2]. The structure of the PDN can be ex-
plored by focusing on the strongest and the most significant of these associations. The
PDN can be seen as a network of the phenotypic space. This network allows people to
understand the relationship between illnesses.

3.1 The PDNs of HIV/AIDS

The distribution of @-values representing all disease pairs is presented in Figure 1.
Most of them are between .000 and .005. A discussion on the confidence interval and
statistical significance of these measures can be found in Hidalgo, Blumm, Barabdsi,
and Christakis’s study, and ¢-correlation > .06 is statistically significant [2].

In Figure 2, nodes are diseases; links are correlations. Node color identifies the
ICD9 category; node size is proportional to disease prevalence. Link color indicates
correlation strength. The PDN built using @-correlation. All statistically significant
links where @-correlation>.06 are shown here.

Human immunodeficiency virus infection with specified conditions (042) and
pneumocystosis pneumonia (1363), cryptococcal meningitis (3210), candidiasis of
mouth (1120), unspecified secondary syphilis (0919), kaposi's sarcoma of unspecified
(1769), cryptococcosis (1175), kaposi's sarcoma of palate (1762), neurosyphilis, un-
specified (0949), kaposi's sarcoma of lung (1764), kaposi's sarcoma of lymph nodes
(1765), and late syphilis, latent (096) are highly correlated. Those ¢-correlations are
all above .06.

The relationship between human immunodeficiency virus infection with specified
conditions (042) and pneumocystosis pneumonia (1363) is the strongest. Pneumocys-
tis pneumonia is a form of pneumonia, caused by the yeast-like fungus Pneumocystis
jirovecii. Pneumocystis pneumonia is not commonly found in the lungs of healthy
people, but, being a source of opportunistic infection, it can cause a lung infection in
people with a weak immune system [13].

Human immunodeficiency virus infection with specified infections (0420)
and human immunodeficiency virus infection specified infections causing other speci-
fied infections (0421), kaschin-beck disease (7160), pneumocystosis (1363), menin-
goencephalitis due to toxoplasmosis (1300), falciparum malaria (0840), kaposi's
sarcoma of other specified sites (1768), with specified malignant neoplasms (0422)
are highly correlated. Those @-correlations are all above .06.
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Fig. 1. Distribution of the ¢-correlation between all disease pairs.
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Fig. 2. The PDNs of HIV/AIDS, o¢-correlations > .06. [ ] is the summary of ¢-correlations with
other node (diseases) of this node (disease), and the size of the node is dependent on the value.
Such as the summary of @-correlations with other diseases of 042 is 1.01. Node color is based

on the ICD9 Category.

The @-correlation of human immunodeficiency virus infection with specified infec-
tions (0420) and meningoencephalitis due to toxoplasmosis (1300) is highest. Toxop-
lasmosis is a parasitic disease caused by the protozoan Toxoplasma gondii. The para-
site infects most genera of warm-blooded animals, including humans, but the primary
host is the felid family. Infection occurs by eating infected meat, particularly swine
products. By ingesting water, soil, or food that has come into contact with infected
animals’ fecal matter [14]. Besides, human immunodeficiency virus infection with
specified infections (0420) and Specified infections causing other specified infections
(0421) is highly correlated, and the @-correlation is .11.
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3.2 The PDNs of HIV/AIDS for Females

Human immunodeficiency virus infection with specified malignant neoplasms (0422)
and kaposi's sarcoma of skin (1760), human immunodeficiency virus infection with
specified infections (0420), and kaposi's sarcoma of other specified sites (1768) are
highly correlated. Those ¢-correlations are all above .06.
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Fig. 3. Distribution of thep-correlation between all disease pairs for female.
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Fig. 4. The PDNs of HIV/AIDS for female, ¢-correlations > .06.

The @-correlation of Human immunodeficiency virus infection with specified ma-
lignant neoplasms (0422) and kaposi's sarcoma of other specified sites (1768) is the
highest.

Human immunodeficiency virus acquired immunodeficiency syndrome, and un-
specified (0429) and progressive multifocal leukoencephalopathy (0463) is highly
correlated. Those @-correlations are all above .06.

The distribution of w values representing all disease pairs is presented in Figure 3.
Most of them are between .000 and .005.
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In PDNs for females (Figure 4), human immunodeficiency virus infection with
specified conditions (042) and cryptococcal meningitis (3210), kaposi's sarcoma of
unspecified (1769), and pneumocystosis (1363) are highly correlated. Human immu-
nodeficiency virus acquired immunodeficiency syndrome, unspecified (0429) and
other cerebellar ataxia (3343), and progressive multifocal leukoencephalopathy
(0463) are highly correlated. Those ¢-correlations are all above .06.

3.3 The PDNs of HIV/AIDS for Males

The distribution of w values representing all disease pairs is presented as Fig. 5. Most
of them are between .000 and .005.
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Fig. 5. Distribution of the ¢-correlation between all disease pairs for male.

In PDNs for males (Figure 6), human immunodeficiency virus infection with speci-
fied conditions (042) and unspecified secondary syphilis (0919), cytomegaloviral
disease (0785), kaposi's sarcoma of palate (1762), amebic liver abscess (0063), kapo-
si's sarcoma of lung (1764), kaposi's sarcoma of lymph nodes (1765), cryptococcosis
(1175), late syphilis, latent (096), candidiasis of mouth (1120), cryptococcal meningi-
tis (3210), neurosyphilis, unspecified (0949), kaposi's sarcoma of unspecified (1769),
and pneumocystosis (1363) are highly correlated. Those @-correlations are all
above .06. The ¢@-correlation of human immunodeficiency virus infection with speci-
fied conditions (042) with pneumocystosis (1363) is highest.

Human immunodeficiency virus infection with specified infections (0420) and
specified infections causing other specified infections (0421), meningoencephalitis
due to toxoplasmosis (1300), pneumocystosis (1363), kaschin-beck disease (7160),
kaposi's sarcoma of other specified sites (1768), with specified malignant neoplasms
(0422), and falciparum malaria (0840) are highly correlation. Those @-correlations are
all above .06. The @-correlation of specified infections causing other specified infec-
tions (0421) with human immunodeficiency virus infection with specified infections
(0420) is highest.
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Fig. 6. The PDNs of HIV/AIDS for male, ¢-correlations > .06.

Human immunodeficiency virus infection with specified malignant neoplasms
(0422) and kaposi's sarcoma of skin (1760), human immunodeficiency virus infection
with specified infections (0420), and kaposi's sarcoma of other specified sites (1768)
are highly correlation. The ¢-correlation of Human immunodeficiency virus infection
with specified malignant neoplasms (0422) and kaposi's sarcoma of other specified
sites (1768) is highest one.

Human immunodeficiency virus acquired immunodeficiency syndrome, unspeci-
fied (0429) and HIV infection, unspecified (0449) is highly correlation, and the ¢-
correlation is .09.

4 Conclusions

Through the PDN, this paper has identified the diseases that are associated with
HIV/AIDS. It could be showed that the PDN has a complex structure where some
diseases are highly connected while others are barely connected at all. While not con-
clusive, these observations can explain the observation that more connected diseases
are seen to be more lethal, as patients developing highly connected diseases are more
likely those at an advanced stage of disease, which can be reached through multiple
paths in the PDN.

The findings suggest that human immunodeficiency virus infection with specified
conditions (042) and pneumocystosis pneumonia is highly correlated (1363). This
result is consistent with Aliouat-Denis, Chabé, Demanche, Aliouat el, Viscogliosi,
Guillot, Delhaes, and Dei-Cas’s study [13]. Pneumocystis pneumonia is especially
seen in people with cancer undergoing chemotherapy, HIV/AIDS, and the use of me-
dications that suppress the immune system. Human immunodeficiency virus infection



184 Y.-H. Lai

with specified infections (0420) and meningoencephalitis due to toxoplasmosis (1300)
is highly correlation. Besides, it is also highly correlation with human immunodefi-
ciency virus infection specified infections causing other specified infections (0421).
The result is the same as Dubey, Hill, Jones, Hightower, Kirkland, Roberts, Marcet,
Lehmann, Vianna, Miska, Sreekumar, Kwok, Shen, and Gamble'‘s study [14]. Human
immunodeficiency virus infection with specified malignant neoplasms (0422) and
kaposi's sarcoma of other specified sites (1768) is highly correlation. The result is the
same as Holmes, Hawson, Liu, Friedman, Khiabanian, and Rabadan’s study [15].
Since patients infected with HIV/AIDS have a high risk of developing Kaposi sarco-
ma, the prevention of this malignant disease should be prioritized. Human immunode-
ficiency virus acquired immunodeficiency syndrome, and unspecified (0429) and
progressive multifocal leukoencephalopathy (0463) is highly correlation. The result is
the same as Casado, Corral, Garcia, Martinez-San Millan, Navas, Moreno, and More-
no’s study [16] and Sano, Nakano, Omoto, Takao, Ikeda, Oga, Nakamichi, Saijo,
Maoka, Sano, Kawai, Kanda [17]. Progressive multifocal leukoencephalopathy is a
usually fatal viral disease characterized by progressive damage or inflammation of the
white matter of the brain at multiple locations. It is caused by the JC virus, which is
normally present and kept under control by the immune system. JC virus is harmless
except in cases of weakened immune systems. Progressive multifocal leukoencepha-
lopathy occurs almost exclusively in patients with severe immune deficiency, most
commonly among patients with acquired immune deficiency syndrome, but people on
chronic immunosuppressive medications including chemotherapy are also at in-
creased risk of progressive multifocal leukoencephalopathy [16, 17].

For females, human immunodeficiency virus infection with specified conditions
(042) and cryptococcal meningitis (3210), kaposi's sarcoma of unspecified (1769),
and pneumocystosis (1363) are highly correlation. Human immunodeficiency virus
acquired immunodeficiency syndrome, unspecified (0429) and other cerebellar ataxia
(3343), and progressive multifocal leukoencephalopathy (0463) are highly correla-
tion. For males, human immunodeficiency virus infection with specified conditions
(042) and pneumocystosis (1363) is highly correlation. Human immunodeficiency
virus infection with specified infections (0420) and meningoencephalitis due to tox-
oplasmosis (1300), and falciparum malaria (0840) are highly correlation. Human
immunodeficiency virus infection with specified malignant neoplasms (0422) and
kaposi's sarcoma of other specified sites (1768) is highly correlation. Human immu-
nodeficiency virus acquired immunodeficiency syndrome, unspecified (0429) and
HIV infection, unspecified (0449) is highly correlation.

Exploring comorbidities from a network perspective could help determine whether
differences in the comorbidity patterns expressed in different populations indicate
differences in races, country, or socioeconomic status for each population. Here this
study show as an initially stage that there are differences in the strength of co-
morbidities measured for patients of different gender. The PDN could be the starting
point of studies exploring these and related questions.
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