2327-4697 (c) 2021 IEEE. Personal use is permitted, but republication/reg(i}‘ tr}%%&?& éﬁﬂfg{fﬁé
e lech. Do

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI

10.1109/TNSE.2021.3085984, IEEE Transactions on Network Science and Engineering

IEEE TRANSACTIONS ON NETWORK SCIENCE AND ENGINEERING

Extremely Low Reciprocity and Strong
Homophily in the World Largest MSM Social
Network

Mengsi Cai, Ge Huang, Mirjam E. Kretzschmar, Xiaohong Chen and Xin Lu

Abstract—Traditional survey-based methods are limited in the sample size and inference ability for the study of men who have
sex with men (MSM), one of the most vulnerable groups at increased risk of HIV. Internet data, on the other hand, have provided
publicly accessible information about such groups at unprecedented scale and resolution. Here we present statistics for the user
demographics characteristics in the world’s largest MSM geosocial networking application, Blued, and analyze the social network
structure with 11,408,872 nodes and 838,910,078 edges extracted from user-following relationships on Blued. Network features,
such as degree distribution, reciprocity, degree assortativity, homophily, and community are studied. We find that, in contrast to
earlier analyses on social networks of general populations, the MSM social network is disassortative and shows extremely low
reciprocity. Users in their twenties are excessively followed by users from all age groups, and network homophily for age and

country are strong.

Index Terms—Social network; MSM; Social networking application; Network analysis; Blued

1 INTRODUCTION

en who have sex with men (MSM) are more likely to

be HIV-infected than general populations, and con-
tinue to be a major target population for HIV prevention
and intervention [1]. Currently, MSM-related studies have
focused on HIV-related issues [2],[3],[4], sexual behaviors
[5],[6], social support [7],[8], stigma [9], and mental health
[10], most of which are conducted by survey-based meth-
ods [11], such as snowball sampling [12], respondent-
driven sampling (RDS) [13],[14], or partner notification
[15]. These survey-based methods have to some extent im-
proved the accessibility to MSM populations, but have
shown underperformance in terms of sample size, conven-
ience, and accessibility [2]. Regarding the hard-to-access
properties of MSM populations [2],[16] , an effective and
reliable strategy for recruiting MSM populations with
large sample sizes is required.

With the development of Internet technology, geosocial
networking (GSN) applications, such as Blued, Grindr, and
Hornet, have developed as popular platforms for MSM to
socialize and seek partners since 2009 (see Table 1). The
common usage of MSM-targeted GSN apps has led to the
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accumulation of a large amount of social networking data,
including user profiles, textual content, online behaviors,
and social interactions, which offer a new opportunity for
understanding MSM populations with unprecedented
data volume and richness of information. For example, the
world’s largest MSM GSN app named Blued, originating
from China, where same-sex marriage is not legally recog-
nized, is now popular with over 40 million MSM from over
200 countries [17]. With the high acceptability of GSN apps
among MSM, using GSN apps has become an effective way
to reach MSM communities and disseminate health inter-
ventions [18].

In recent years, many studies have been conducted to
examine the association between the use of GSN apps and
MSM sexual health. For example, Bien et al. organized a
cross-sectional online survey on MSM, which showed that
app users are more likely to be younger, better educated,
and more likely to report multiple recent sex partners and
HIV testing than non-app users [19]. Using venue-based
sampling, Phillips et al. reported that the majority of MSM
used GSN applications to find sexual partners in the past
year, and nearly one-quarter of MSM had sex with a man
they met using a GSN app in the prior year [20]. Through
a computer-assisted self-interview-based survey, Lando-
vitz et al. found that young MSM using Grindr reported
high rates of sexual partnering and unprotected anal inter-
course [1]. These results show that GSN apps have revolu-
tionized social communication and partner-seeking among
MSM, and therefore a different perspective based on GSN
applications for understanding the MSM populations is re-
quired. However, empirical data in most studies is col-
lected by survey-based methods with limited sample size,
only few studies have focused on the social networking
data generated on MSM-targeted GSN applications [21].
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To fill this gap of knowledge, in this study, we collected
a large-scale social networking dataset from the world’s
largest MSM-targeted GSN application named Blued,
which includes 14,728,682 active users and 850,511,591 fol-
lowing relationships between users, covering the period
from November 2012 to August 2018. Based on the dataset,
we analyzed user profiles, such as age, location, and sexual
role, to provide an overview of the MSM population at the
global level. The “follow” relationship in Blued is primar-
ily built on social ties, for the purposes of keeping in touch
with others. Each user can freely follow others without oth-
ers’ agreement. Based on these following relationships, an
MSM social network is constructed. In addition, we exam-
ined social network structures, such as degree distribution,
reciprocity, degree assortativity, homophily, and commu-
nity, to explore the online interaction patterns of the MSM
population.

TABLE 1: Popular MSM dating applications in the world.

App Founding year = Number of registered us-
ers
Blued 2012 40+ million (Dec 2018)
Hornet 2011 25+ million (Dec 2019)
Jack’d 2010 5 million (Dec 2019)
Scruff 2010 15+ million (Dec 2019)
Growlr 2010 10+ million (Dec 2019)
Grindr 2009 27 million (May 2017)
Romeo 2001 2 million (Dec 2019)

2 MATERIALS AND METHODS

2.1 Data Collection

Blued, with more than 40 million registered users, is the
world’s largest application for MSM aged 17 and older. As
a social networking application, Blued allows users to find
partners, express opinions, and obtain social support; de-
tailed activities include following other users, sending
messages, editing personal profile information, setting
partner preferences, publishing posts, voting viewpoints,
making live broadcasting, joining groups, playing games,
getting knowledge about HIV/AIDS, and ordering HIV
tests. Also, the global positioning system (GPS) is utilized
for subscribers to identify nearby users to facilitate the pro-
cess of seeking partners. With the active users’ daily activ-
ities and interactions on Blued, a large amount of social
networking data has been accumulated. Based on this data,
a large-scale dataset concerning the users and the follow-
relationship-based social network was collected for this
study by crawlers with Scrapy, a fast crawling framework
in Python.

The user data is related to the registered users on Blued,
mainly including the demographic information, such as
the user’s name, age, height, weight, sexual role, location,
blood type, and ethnicity. Each registered user is identified
by a unique uid number, which starts from 1 and increases
by 1 along with the growth of the number of registered us-
ers. Asaresult, auidset U =1, 2,3, ..., n was constructed
with an elaborate crawler, to reach all the registered users
and extract their personal information from profile pages.

The social network data refers to the following relation-
ships between users on Blued. Similar to the users in
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general online social networking platforms like Twitter
and Facebook, Blued users can send and receive posts
which can include text, pictures, or videos. Also, Blued us-
ers can follow other users to see their posts conveniently,
which is beneficial for information transmission and com-
munication. We use these following relationships to con-
struct the MSM social network. Detailly, if user i follows
user j, then we call user i as a follower of user j, and create
a link from i to j. Similar to the user data collection, a
crawler was developed to automatically visit the follower-
list pages of all the users, and extract their following-rela-
tionships.

2.2 Data Preprocessing

With crawlers, we collected 14,728,682 user profiles and
850,511,591 following-relationships between them on
Blued from November 2012 to August 2018. To construct a
valuable dataset for further analysis, we removed the users
who have withdrawn from Blued, because their personal
information was reset to be NULL. Also, we removed the
users with their age self-reported to be over 75, considering
that older people usually have limited access to mobile ap-
plications. Finally, we obtained 838,910,078 following rela-
tionships among 14,668,867 active users. An active user is
a person who accesses the Blued app and hasn’t with-
drawn this app during our observation period. All the user
data and the following relationship data are saved in local
MongoDB databases.

2.3 Network Analysis
A directed MSM social network was constructed from
Blued data with users as nodes, and following relation-
ships between users as edges. Only users who have at least
one Blued friend are kept as nodes in the network. The net-
work is presented as a directed graph, G = (V, E), where V
is the node set and E is the link set. N = | V| represents the
number of nodes in G, and M = |E| denotes the number
of links. The topological characteristics of the network are
analyzed with several measures as follows.

Injout degree. The degree k; in a network is the number
of edges that are connected to the node i. The in-degree k/"
is the number of edges directed to node 7, and the out-de-
gree k™ is the number of edges that node i directs to oth-
ers. The average degree <k >= (D k)/N indicates the av-
erage number of edges per node in the network.

Reciprocity. Link reciprocity describes the tendency of
node pairs to form mutual connections between each other,
which also reveals possible mechanisms of social network
topology [22]. In this study, reciprocity R, of node i is
measured by the ratio of the number of neighbors with re-
ciprocated links L (i.e. there is an edge in both directions
between two nodes) to the total number of neighbors L
(i.e. the number of unique users i is following or being fol-
lowed): R =L;” /L, . Consequently, R; reflects the bidirec-
tional relationships between nodes. R, =0 means that all
links of node i are directed, and R, =1 implies that all links
are reciprocal. The average of all R; is used to measure the
global reciprocity of the network: R= (Z.N: JR)IN -, in
which N is the number of nodes in the network.

Degree assortativity. Degree assortativity is a preference
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for a network’s nodes to attach to others that are similar in
degree [23]. Assortativity (or assortative mixing) indicates
the tendency of network nodes to be connected to others
with similar degree values; while disassortativity (or dis-
assortative mixing) measures the tendency for nodes to
connect to nodes with a higher or lower degree. The assort-
ativity of network degree is measured by:

< ktokfrom >< kto >< I(from >

r=

\/kTi_ < kto >2 \/kfzrom_ < kfrom >2

in which k, denotes the degree of the node that the edge
points to, and K., denotes the degree of the node that the
edge starts from. This degree correlation function, which
takes values in the range —1<r <1, is zero for no correla-
tion, positive for assortative mixing, and negative for dis-
assortative mixing. For the directed network in this paper,
there are four combinations of degree assortativity, i.e. in-
in degree assortativity r,_;, , in-out degree assortativity
h_ou » OUt-in degree assortativity r,, ;, , and out-out de-

I
gree assortativity

out—out *

Homophily. Homophily is the probability that partici-
pants connect with friends who are similar to themselves
regarding characteristics other than degree rather than
connecting randomly [16]. Previous research has observed
that human social networks display homophily in many
sociodemographic, behavioral, and intrapersonal charac-
teristics [24],[25], such as age, race, ethnicity, sex, religion,
location, education, behavior patterns, and personality. As
defined in accordance with Heckathorn [26], H = +1 means
that all links are formed within the group, i.e. perfect ho-
mophily; H = 0 indicates that links are formed without re-
gard to group members’ attribute, i.e. no homophily; and
H = -1 implies that all links are formed outside the group,
i.e. heterophily. In summary, homophily’s absolute value
| H | is the probability that homophily governs link for-
mation.

Community. For many online activities, it has been
shown that users tend to interact with others who are sim-
ilar to themselves, forming distinct network communities,
and stimulating studies on influence-based contagion or
homophily-driven diffusion [27]. In this study, the com-
munity structure of the MSM social network is detected by
Infomap [28], a highly efficient algorithm for detecting
non-overlapping communities in directed weighted net-
works. Also, the cross-community links are analyzed to ex-
plore the organizational model and behavioral characteris-
tics of the online MSM population.

)

3 RESULTS

3.1 User Demographic

Demographics of 14,668,867 active Blued users aged 17 to
75 are presented in Fig. 1. The online MSM users are quite
young, with a median (mean) age of 25 years (26.6 years).
While 75.88% of users are in the younger age range be-
tween 17 and 29 years, only a small percentage (1.46%) of
users are older than 50 years. Young MSM (age 17 to 29)
and older MSM (age 50 and older) follow averagely 68.5
and 87.6 users, respectively, indicating a strong demand of
older MSM for socializing and seeking partners. Regarding

sexual roles, 22.27% of users identify as “versatile”, while
18.76% and 14.31% identify as “top” and “bottom”, respec-
tively.

More than half of the users are from China (64.89%),
with the rest registered from the other 216 different coun-
tries and regions (35.11%). A slightly smaller proportion
(30%) of users outside China was reported by Blued in 2018,
indicating the platform has since expanded its global cov-
erage. In China, provinces with higher incidence of HIV
such as Sichuan and Guangdong [29], are found to also
have a high proportion of Blued users. The top 5 countries
outside China with the highest numbers of Blued users
were Thailand (775,230, 5.28%), the Philippines (607,102,
4.14%), Viet Nam (497,795, 3.39%), Indonesia (412,848,
2.81%), and Brazil (297,553, 2.03%). A majority of users are
from the Asia-Pacific region, where the sexual minority
population is often a marginalized and vulnerable group
of society. In general, the data volume collected from GSN
app analyzed in this paper is far greater than data sets col-
lected using traditional survey methods in studies on MSM
populations [30].

We use Pearson's chi-square goodness of fit test to eval-
uate if the distributions of users” age and sextual role in
different countries are consistent with the age and sextual
role distributions of all Blued active users. Results show
that there is no significant difference among user age dis-
tributions across countries, and the distribution of sexual
roles for users in 179 countries is consistent with the distri-
bution of sexual roles for all Blued active users (see Supple-
mentary Materials, Table S1, Fig. S1, and Fig. S2). This result
to some extent indicates demographic similarities of MSM
populations in different regions.

3.2 Degree Distribution

In this study, an MSM social network with 11,408,872
nodes and 838,910,078 edges was constructed based on the
following relationships between Blued users. The average
degree of the MSM social network is 73.5, which is much
lower than that of social networks for general populations,
such as Facebook (undirected) [31] and Twitter (directed)
[32], but higher than of some social networks for hetero-
sexual romantic relationships, such as the nioki.com net-
work ( <k>=8.07 ) and the pussokram.com network
(<k>=5.97) [33]. A power-law distribution for degree is
found in the MSM social network, as p(k) o« k™ where k
denotes the in-/out- degree and « is the power-law expo-
nent [34] (Fig. 2A and B). These results are similar to those
reported in many other large human social networks as
well as romantic social networks [35].

What is interesting about the nodal degree in the net-
work is that the upper bound of out-degree (ko =127,448)
is relatively lower than the upper bound of in-degree
(ki =206,095), as also observed in the Twitter network
[32], which indicates the limited capacity of information
gathering. In addition, the in-degree and out-degree of in-
dividual users are extremely unbalanced, as shown in Fig.
2C and D. For example, users who follow thousands of oth-
ers are found to be followed only by a few people, and us-
ers with thousands of followers only follow a few users.
This might be explained to some extent by preferential
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Fig. 1: Descriptions of Blues users. (A) The number of Blued users in each country. (B) User demographics statistics

results of 14,668,867 active Blued users aged 17 to 75.

attachment, that users with high in-degrees are more visi-
ble and are therefore more likely to receive new followers.
Such rich-club phenomena of degree distribution might
also be influenced by the users’ location, since we found
that 69.05% of users with large in-degree (over 10k) and
84.96% of users with large out-degree (over 10k) are both
located in China. In addition, as it has been reported that
individuals are capable of maintaining only about 150 sta-
ble social relationships at a time in online and offline net-
works [36], the presence of users with thousands of follow-
ing relationships is indicative of “non-social” behaviors.
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Fig. 2: Degree distributions. (A) In-degree distribution and
(B) out-degree distribution of the MSM social network. The
solid line represents power law fitting for the data. (C)
Out-degree distribution of users with in-degree larger than
10,000. There are 7,674 users show an in-degree higher
than 10,000, and 88.4% of them follow less than 150 users.
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(D) In-degree distribution of 236 users with out-degree
larger than 10,000 and in-degree less than 10,000.

3.3 Reciprocity

Using the definition of reciprocity (see Materials and Meth-
ods for details), we measure the reciprocity R of all nodes
in the MSM social network. Surprisingly, the average reci-
procity of the network is only 0.047, which is much lower
than that of heterosexual romantic social networks such as
nioki.com (0.69) and pussokram.com (0.51) [33]. While 42%
of edges in the Twitter follow graph are reciprocated [32],
in the MSM social network, only 7.85% of edges are recip-
rocated, and the reciprocity for 59.50% of nodes is zero.
One reason to expect a low reciprocity in the MSM social
network is that a user can easily establish following rela-
tionships with strangers with the help of location-based
services provided by Blued, and correspondingly he thus
feels less social pressure to respond to a communicative
stranger he is followed by. Another reason might be the
high turnover rate of friends, which has been found in a
large online MSM dating community in China [37]. That is,
users might frequently change (establish or delete) their
following relationship during a short time.

Fig. 3 demonstrates the average reciprocity with respect
to nodes with increasing numbers of neighbors, increasing
age, and by country. As shown in Fig. 3A, when the num-
ber of neighbors of a node exceeds 1000, the reciprocity be-
comes smaller and shows a slight declining tendency. This
suggests that people can only maintain a small percentage
of reciprocal relationships when they have a large number
of friends, as also observed in mobile communication net-
works [38]. Interestingly, as revealed by Fig. 3B, users aged
38 to 55 have a higher reciprocity than others, suggesting
their strong demand and great efforts to making friends.
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Furthermore, the average reciprocity for nodes in most
countries is around 0.04 (Fig. 3C). Users with different sex-
ual roles also show similar average reciprocity, the average
reciprocities for the tops, the bottoms, and the versatiles
are 0.039, 0.041, and 0.045, respectively.
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Fig. 3: Distribution of average reciprocity R for nodes with
different (A) numbers of neighbors, (B) ages, and (C) lo-
cated countries ordered by the average reciprocity <R>.
The gray horizontal dash line indicates the average reci-
procity of the network (0.044).

3.4 Degree Assortativity

As presented in Table 2, we compared the degree assorta-
tivity of the directed MSM social network with heterosex-
ual romantic social networks (i.e. the pussokram.com net-
work), general social networks (i.e. Twitter and Facebook),
and collaboration networks [31],[33],[39]. In addition, con-
sidering that the very low level of reciprocity might be
caused by that a link does not imply an actual interaction,
we further studied the undirected MSM social network
which is constructed by only the reciprocal following rela-
tionships.

A positive r,_,, is found in the directed MSM social
network, which is similar to the Twitter network and indi-
cates that popular nodes (with larger in-degree) connect
with nodes of larger out-degree, probably driven by pref-
erential attachment. For the undirected networks, it is in-
teresting that romantic social networks like Blued and
pussokram.com are disassortative, while a positive de-
gree-degree correlation between 0.1 and 0.4 is typically
found in the Facebook network and in collaboration net-
works [23]. This implies that users in romantic social net-
works with large popularity or activity tend to connect
with low-degree users. These results can be explained by
the findings on exchange networks that, disassortative
mixing is optimal when individuals are substitutable in
forming particular relationships [40], as for example in
friendship and dating networks. In contrast, assortative
mixing is observed in collaboration networks because po-
tential alternative collaborators have been already
screened off [33]. The disassortative mixing in Blued could
also be explained by the quick change of friends or the
preference of making new friends, that is, a negative de-
gree assortativity might be produced when highly active
users frequently contact with strangers who are probably
new or less connected Blued users with lower degrees.

3.5 Homophily

We divided the Blued users into several groups by age, lo-
cation, and sexual role, and measured the homophily H N

for different groups g; in both directed and undirected
MSM social networks with the definition in [26]. As shown
in Table 3, in the directed MSM social network, the ho-
mophily for young MSM aged 17 to 29 years is positive
(0.33), indicating that young MSM tend to establish friend-
ships with each other. An interesting age-preference
friendship in the network is revealed in Fig. 4A, thatis, 76.8%
of the edges target young MSM, and users of all ages are
most likely to follow young MSM users. In addition, users
show similar following patterns for different age groups,
which is very different from Facebook, where users mostly
follow people with a similar age [30]. However, the ho-
mophily for young MSM in the undirected MSM social net-
work is negative (-0.53), which implies that young MSMs
tend to establish a reciprocal relationship with people who
are older than themselves.

In terms of sexual roles, the homophily for the tops in
the directed network is close to zero, indicating that links
are formed by this group’s members with no preference for
others’ sexual roles. Users who identify as “top” are the
most popular group for all groups including the tops, the
bottoms and the versatiles, since p(top|top)

p(top |bottom) and p(top|versatile) are fairly high, as
shown in Fig. 4B. It is straightforward that the negative ho-
mophily among the bottoms (-0.29 and -0.75) is due to the
fact that a bottom tends to contact with others who are dif-
ferent from themselves in sexual role, such as a top or a
versatile. It also reveals the bottom's disadvantage of being
selected as friends by others. And it is interesting that the
homophily for all the sexual role groups are negative,
which indicates that reciprocal relationships are formed
between users with different sexual role.

Regarding the users’ locations, we found that in the di-
rected MSM social network, 74.11% of edges are estab-
lished between users in the same countries, and 60.33% of
edges are formed between China-located users. The ho-
mophily for countries with more than 10,000 users ranges
from 0.0016 to 0.82, with a median (average) of 0.19 (0.27).
A high positive homophily of 0.53 in China-located users
indicates that in addition to interacting with other users
randomly, there is 53% surplus of tendency for China-lo-
cated users to build interactions with people who are also
from China. And as observed in Fig. 4C, users tend to es-
tablish friendships with people in the same geographic lo-
cation (the diagonal of the figure), and the China-located
users have a high possibility to be a neighbor of others for
their large population (the first column of the figure). Sim-
ilar results can be found in the undirected MSM social net-
work. In the same way as people in other social networks
[24], online MSM users in homosexual romantic social net-
works also consider the similar geographic location as an
important condition when making friends and seeking
partners, in order to make arrangements for off-line dating
in reality.
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TABLE 2: Degree assortativity for different social networks.
Type Social networks Yin-in Yin-out Tout-in Tout-out r
Blued -0.064 0.016 -0.001 -0.002 /
Directed Pussokram. com [33] -0.063 -0.046 -0.071 -0.050 /
Twitter [32] -0.296 0.241 -0.118 0.272 /
Blued (only reciprocal links) / / / / -0.0005
Pussokram. com [33] / / / / -0.048
Facebook [31] / / / / 0.226
Undirected Pbysics coauthorshi.p [39] / / / / 0.363
Biology coauthorship [39] / / / / 0.127
Mathematics coauthorship [39]  / / / / 0.120
Film actor collaborations [39] / / / / 0.208
Company directors [39] / / / / 0.276
TABLE 3: Homophily H for different groups g; in the directed and undirected MSM social network.
Network G Age Country Sexual role
etwork type roup & <29 >29 China  outside China top bottom  versatile Other
Directed H 0.33 0.15 0.53 0.70 0.04 -0.29 -0.17 0.19
Undirected H -0.53 0.07  0.49 0.53 -0.50  -0.75 -0.33 -0.08
A oy . with the number of active users over 10,000 are shown in
the figure. The complete list of countries presented in the
R heatmap and ordered by the number of users in each coun-
b 0 l:j: try is shown in Supplementary Materials, Table S2.
. B 3.6 Community
nighbor'ssevut roe (5 Using the Informap algorithm [28], a total of 26,426 com-
munities are detected from the MSM social network as
. eighbor's age ) shown in Fig. 5. The community size ranges from 1 to
o “ 8,229,292, with a majority of communities containing only
B Ty one node (62.5%), and the mean size is 432. While the num-
. S bers of nodes in 98.23% of the communities are less than 10,
R i - the largest community contains 72.13% of the nodes in the
‘ : network. The distributions of users’ ages, locations, and
) - sexual roles are similar among communities with more
’ than 1,000 nodes, indicating that different users are mixed
b in communities and the communities are not simply di-

Fig. 4: Friendship patterns between different ages, sexual
roles and locations. (A) The distribution p(t'| t) of age t’ for
the neighbors of users with age t. p(t’| t) is the conditional
probability of individuals with age ¢ (t =17, 18, ..., 75) se-
lecting a random neighbor who has age t’ (t' =17, 18, ..., 75).
The color represents the value of p(t’| f) in each square. (B)
The distribution p(s’| s) of sexual role s” for the neighbors
of users with sexual role s. p(s”| s) is the conditional prob-
ability that a random neighbor of individuals with the sex-
ual role of s (s = other, bottom, versatile, top) plays the sex-
ual role of s’ (s” = other, bottom, versatile, top). The color
represents the value of p(s’| s) in each square. (C) The dis-
tribution p(c’| ¢) of country ¢’ for the neighbors of users
from country c. p(c’| c) is the conditional probability that a
random neighbor of individuals from country c. The color
represents the value of p(c’| ¢) in each square. Countries
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vided by users” demographic attributes.

There are 168,628,787 (20.1%) edges in the network that
are cross-community links connecting individuals in dif-
ferent communities, which suggests an active interaction
between different network communities. Based on the for-
mation of cross-community links, we extract two kinds of
nodes: inner nodes that are not associated with any cross-
community links (© ), and boundary nodes that are asso-
ciated with both cross-community out-links and in-links
(® > O —>® ). The proportion of boundary nodes in the
network is 36.68%, that is, one-third of the nodes interact
closely with nodes in different communities. Also, the de-
gree of boundary nodes (k™ =129.7, k™" =141.7 ) is greater
than the average degree of the network (73.5) and far
greater than the degree of inner nodes (k™ =5.3, k™ =2.2),
indicating that the boundary nodes are quite active and
popular in the network and they play an important role in
maintaining global connectivity between communities. As
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shown in Fig. 6, it is obvious that the two largest commu-
nities have larger maximum in-/out- degrees and more in-
ner/ boundary nodes than small communities. With the de-
crease of the rank of community size, there are slight de-
clines in the maximum in-/out- degree and the number of
inner/ boundary nodes. However, no correlation is found
between the community size and average degrees.

Community size (%)
0.2

0.1
0.05
0.01

- 0.001

0.0001

Fig. 5: Distribution of the communities’ size and the inter-
actions between communities in the MSM social network.
The size of a community is the number of nodes in the com-
munity. Each node represents a community. The size of the
node is proportional to the number of users in each com-
munity. Only communities with at least 5 users are dis-
played in the figure.

A B c

Average in-degree

Maximum in-degree

T 3 T o W o
Log(rank) Log(rank) Log(rank)

Maximum out-degree

w0 o o
Log(rank) Log(rank)

Fig. 6: Distributions of (A) maximum in-degree, (B) aver-
age in-degree, (C) number of inner nodes, (D) maximum
out-degree, (E) average out-degree, and (F) the number of
boundary nodes in all communities in log-log scale. The
circle in the figures indicates the community. The horizon-
tal axis represents the rank of communities, which is sorted
by community size in descending order.

Log(rank)

4 DISCUSSION

With 14.7 million users and 850 million edges collected
from the world’s largest MSM-targeted GSN app named
Blued, the dataset used for our analysis on the user

demographics and social network structure is, to our
knowledge, the largest sample of MSM at the global level.
Young MSM aged 17 to 29 years who are reported having
the highest HIV incidence [1],[41], are active online and
constitute 75.88% of the Blued users. Older MSM aged over
50 years are found to have a strong demand for socializing
and partner seeking, while little research up to now has fo-
cused on this age group due to ideas of asexuality associ-
ated with advanced age and the difficulty in recruiting
these subjects for research studies [41][42].

In the MSM social network, most users have less than
300 following relationships, while a few have following re-
lationships with thousands of other users. Though an
MSM user has an average of 73.5 friends, they seem to fail
to establish reciprocal friendships with others. Further-
more, users in Blued are found to usually interact with
strangers online[17]. An interesting finding is that the net-
work shows extremely low reciprocity and negative de-
gree assortativity. This is opposite to what is found in gen-
eral social networks and collaboration networks, but could
be explained by a high turnover rate of close friends on
Blued for dating and one-night stands in reality. The dif-
ferences reported between romantic social networks (i.e.
Blued for homosexual relationships and pussokram.com
for heterosexual relationships) and general social networks
(i.e. Facebook and Twitter) suggest that research efforts
should be made to uncover the underlying mechanism in
the formation of romantic social relationships from differ-
ent perspectives such as the extremely low reciprocity or
the high turnover rate of close friends.

Another interesting finding is, that the network shows
a strong homophily on geographic location and a clear
preference of age selection. That is, close geographic loca-
tion becomes an important condition considered by MSM
users when socializing, for the purpose of off-line dating,
and users in all age groups are most likely to seek contact
with young MSM users. When dividing the network into
several communities, an extremely large community con-
taining 72.13% of the users in the network is found, but us-
ers in different communities present similar distributions
in age, location, and sexual role.

Using the massive data set generated online, we have
obtained data from the MSM population of an unprece-
dented data volume. In comparison with the data collected
by survey-based methods, the use of social networking big
data of MSM on GSN apps has many advantages. First,
GSN apps contain millions of MSM users from all around
the world, which is difficult or even impossible to be col-
lected via survey. Second, the relationships between MSM
users recorded by GSN apps are more objective and relia-
ble than those collected by survey-based methods. For ex-
ample, survey results are typically subjected to memory
bias or reporting errors due to sensitivity and privacy con-
cern of respondents. Third, large scale multilingual text
has been generated in social interactions on GSN apps,
which can be used to infer the emotional status and topics
they discuss online[17]. Finally, we revealed many social
behavior characteristics in this paper which have never
been suggested by survey-based studies, for example,
MSM users in their twenties are excessively connected by
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users from all age groups and “top” MSM users are more
popular than “bottoms” and “versatiles” in social net-
working.

However, as this study used all the active users on
Blued without identifying whether they are MSM, the rep-
resentativeness of the sample remains to be discussed. An-
other limitation with this study is the possible lack of reli-
ability of self-reported data, which remains a common lim-
itation of Internet data. Future research will focus on the
representativeness of online data and the exploration of
temporal and spatial patterns of users” online and offline
social behaviors.

5 CONCLUSION

Men who have sex with men, a population who is active in
online social networking applications but hard to access
for research, form a highly vulnerable community for HIV
acquisition. However, previous survey-based studies are
mostly limited in sample size and accessibility. In an effec-
tive manner, in this study we obtained a large-scale social
networking dataset that contains 11,408,872 active users
and 838,910,078 user-following relationships from the
world’s largest MSM geosocial networking application
named Blued. We presented quantitative social network-
ing analysis of the users and the social network based on
their following relationships, showing how MSM social
networks differ from other social networks, including het-
erosexual social networks and general social networks. In
addition, we demonstrated a new way for studying the
MSM population via online social networking applications,
which is effective in reaching MSM communities. Insights
from these analyses can help inform health interventions
in MSM populations.
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