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A B S T R A C T   

Objectives: To understand the research landscape and identify the research hotspots and trends of the application 
of social network theory and analysis to public health. 
Study design: A bibliometric study of publications regarding application of social network theory and analysis to 
public health. 
Methods: Choosing 1607 articles about the application of social network theory and analysis to public health from 
the core collection database of Web of Science published from 1991 to 2020 as the research sample. A biblio-
metric and visual analysis of publication quantity and content was performed to analyze time trends, spatial 
distribution, cooperation networks, influential references, and keyword co-occurrence, clusters, and emergence. 
Results: There is an increasing trend in the use of social network theory and analysis in the public health field, 
with the United States taking the lead. Research focuses include on transmission of diseases or behavior through 
social networks and the influence of social networks on population health at different ages. Current research 
frontiers primarily include the role of social networks in tracking of emerging infectious diseases like COVID-19, 
preventing and controlling chronic diseases, and carrying out healthy behavioral interventions. 
Conclusions: This study provides a comprehensive quantitative overview of the historic development of and latest 
topics in the application of social network theory and analysis method to public health. More attention should be 
paid to the important role of social networks in tracing the emergence of serious infectious diseases like COVID- 
19, as well as preventing and controlling chronic diseases and intervening in health behaviors, considering the 
increasing challenges and opportunities presented by online social networking.   

1. Introduction 

In recent decades, public health researchers have become aware that 
many of the topics we study are inherently relational, meaning that 
people’s health is interdependent, and that health and health care can 
transcend the individual, for example in the case of disease transmission 
and peer influence on risky behavior [1,2]. These phenomena cannot be 
explained by traditional individual-level statistical methods. Social 
network theory and analysis (SNT/A), a method that originated in so-
ciology and behavioral science [3,4], provides an appropriate and 
unique perspective for studying these problems, by enabling public 
health researchers to use theories and models expressed in terms of 
relational concepts or processes to study the health of a population, 
rather than regarding individuals as independent of or separated from 

the social context in which they live [1,5,6]. 
SNT/A has been increasingly widely applied to several research 

topics in the field of public health, primarily the associations between 
the structural and functional characteristics of social networks and 
health outcomes [7–11], transmission of diseases or health-related be-
haviors or information within a social network [1,12–14], and social 
network–based health interventions [15,16]. Recently, the development 
of network analysis techniques, technological innovations in commu-
nication, and changes in theoretical perspectives to include a focus on 
social and environmental behavioral influences have created opportu-
nities for an even broader application of SNT/A to public health research 
[17]. The size of social networks and the strength of the links within 
these networks continue to increase, owing to advances in computing 
technology and the use of online or social networking media; thus, it is 
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necessary to further discuss the impact of online social networks on 
health, given that these online social contacts now constitute a major 
part of people’s social networks [17]. Public health researchers have 
also placed increasing emphasis on the influence that social context has 
on health, and especially on the development of chronic 
non-communicable diseases (NCDs), which are a major public health 
concern [18]. As such, more studies using SNT/A to guide interventions 
to prevent and control risk factors of NCDs are expected to be performed 
in the future. 

Reviewing the past applications of a research method is an important 
reference for identifying research gaps and promoting the future 
development of the approach. Luke and Harris qualitatively reviewed 
the historical development, methods, and application of network anal-
ysis in the field of public health as early as 2007 [1]. Ten years later, 
Valente and Pitts reported on the challenges and opportunities of SNT/A 
as applied to public health [17]. However, to date, a comprehensive 
quantitative overview of the development of this interdisciplinary field, 
which can provide precise quantitative evidence to guide its develop-
ment, has not been reported. In addition, as mentioned above, given the 
rapid development of online social networking and an increasing 
emphasis on social environment in recent years, especially with the 
emergence of COVID-19 as a hot public health topic in 2020, it is likely 
that there have been new applications of SNT/A to public health since 
Shelton’s review was published. Thus, it is necessary to provide an up-
date on the field that highlights new focuses and trends that have 
emerged since the previous review. 

Bibliometrics, an emerging field of information science, is useful for 
gaining insights into a research activity to identify hotspots and 
academically significant and landmark publications [19]. Bibliometric 
analysis is a method that has been widely utilized in interdisciplinary 
research to identify hidden or emerging subjects [20], which can help 
researchers and funding agencies to focus more on valuable 
under-investigated topics in public health [21]. 

The purpose of this study was to perform a bibliometric analysis to 
understand the state of the research field based on publications and their 
relationships by identifying core authors, research institutions, coun-
tries, hotspots, evolution, and emerging trends. The primary aim of this 
study was to determine the research landscape of the application of 
SNT/A to the field of public health in terms of quantity and content 
through (1) time trend analysis of publication volume, (2) spatial dis-
tribution analysis of publication quantity and cooperation network 
analysis of countries/regions and institutions, (3) network analysis of 
co-cited references, (4) keyword co-occurrence analysis, and (5) 
keyword emergence analysis. 

2. Methods 

2.1. Data source 

We retrieved data from the core collection database of Web of Sci-
ence (WOS) from 1991 to 2020, limiting searches to the Science Citation 
Index (SCI), Social Science Citation Index (SSCI), Conference Pro-
ceedings Citation Index-Science (CPCI–S), and Conference Proceedings 
Citation Index-Social Science & Humanities (CPCI-SSH). 

2.1.1. Search strategy 
The search rule was: TS=((“social network*” OR “social relation-

ship*” OR “social *connect*” OR “social tie*” OR “social contact*”) AND 
(“public health” OR “disease* prevent*” OR “health* behav*”)). The 
language was limited to English, the literature type was limited to 
article, and the time span selected was from January 1970 to August 
2020. The search was conducted on September 1, 2020. 

2.2. Data analysis and visualization 

Microsoft Excel 2016 was used to quantify publications on an annual 

basis. CiteSpace 5.7.R1, which is suitable for analyzing literature co- 
citations and keyword co-occurrence in large samples, was used to 
conduct knowledge graph analysis and visualization [22]. As for the 
CiteSpace parameter settings, the years slice was set as 1. We chose the 
term source in the text processing, including title, abstract, author 
keywords, with the data extraction object of Top 30. In addition, we 
selected pathfinder to prune the merged network because it can simplify 
the network and highlight the important structural features [23]. 

3. Results 

3.1. Publication trends over time 

To identify publication trends related to SNT/A and public health 
since 1991, we performed a keyword search of the WOS and quantified 
the number of the publications containing the search terms per year. 
After duplicates were removed, a total of 1607 articles remained. Fig. 1 
shows the time distribution results for the 1607 publications related to 
the SNT/A applied in the field of public health in the WOS core collec-
tion, published from 1991 to 2020. Over this time period there was an 
overall upward trend with two distinct stages: exploratory development 
(1991–2007) and rapid development (2008–2020). 

3.2. Spatial distribution of publications and their cooperation networks 

To determine the spatial distribution of publications and their 
cooperation networks, we analyzed cooperation between institutions 
and countries/regions. Fig. 2a shows the network of cooperation be-
tween countries/regions. Fig. 2b shows the network of cooperation be-
tween institutions. The country with the most publications was the 
United States (786), followed by England (183) and Australia (133). 
England (centrality = 0.71), the Netherlands (centrality = 0.52), and 
France (centrality = 0.47) exhibited the most centrality, indicating that 
they collaborated directly or indirectly with many countries in the co- 
existing network. The United States had the most institutions with a 
large academic output in this field, and the main research institution 
from this country was Harvard University (58). For England, The Uni-
versity College of London (29) was the leading institution. The Univer-
sity of North Carolina (centrality = 0.29) and Johns Hopkins Bloomberg 
School of Public Health (centrality = 0.29) were the core institutions 
driving social network research in the field of public health. 

At the national level, European countries had higher centrality than 
the United States, despite the United States having the highest volume of 
publications. At the institutional level, the institutions with the highest 
centrality were mostly from the United States. This suggests that there 
was more international collaboration among institutions from European 
countries, such as Britain, France, the Netherlands, Sweden, and 
Switzerland, and less collaboration with countries outside Europe. There 
was more domestic cooperation among institutions in the United States 
and less international cooperation outside the United States. Harvard 
University, the University College of London, the University of North 
Carolina, and Johns Hopkins Bloomberg School of Public Health were 
very active in the cooperation network. 

3.3. Network analysis of co-cited references 

To identify the core references in this field, we analyzed the co- 
citation networks. Fig. 3 shows the evolution of the co-citation 
network over time, as well as the key authors and references. These 
researchers and their research results are important foundations of the 
application of SNT/A to the field of public health. Among the top 11 
most highly cited references are five papers published by N.A. Christa-
kis’s team, which demonstrates that Christakis’s research results played 
an important role in the development of this field and helped establish 
the social contagion of chronic diseases and health behaviors as a 
research hotspot in this field. 
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Keyword co-occurrence analysis; Keywords reflect the research focus 
of publications. Therefore, we analyzed the co-occurrence of keywords 
to explore research hotspots and frontiers in the field of social networks 
applied to public health. As Fig. 4 shows, the keywords were divided 
into ten significant clusters (Q = 7010, S = 0.8211), including age, 
transmission, children, sexually transmitted diseases, context, and 
COVID-19. Due to the similarity in content of some of the clusters, we 
then grouped the clusters into two broader, more comprehensive cate-
gories: people of different ages (Clusters #0 “age”, #2 “children”, and 
#8 “loneliness”) and transmission (Clusters #1 “transmission”, #3 
“sexually transmitted disease”, and #5 “COVID-19”), which represent 
the influence of social networks on population health at different ages 
and transmission of diseases or behavior through social networks, 
respectively. 

Keyword emergence analysis; Keywords with strongest citation 
bursts refer to keywords whose frequency increases rapidly in a certain 
period of time, which can be used to predict new trends. Combined with 
emergence analysis and time view, emergent keywords can vividly show 
the evolution trend of the research topic over time. Fig. 5 shows 25 
keywords related to the application of SNT/A to public health with 
strongest citation bursts over time, which shows the continuing evolu-
tion of research progress in this field. As for health outcomes, there was 
an obvious relationship between mortality and some specific diseases or 
health issues, such as heart disease, stress, HIV, influenza, overweight or 
obesity, and health equity. The main determinants related to social 
networks also shifted from social support to social contact and social 
capital. As for the data source, there was a clear transition from cohort 
data to online data. Thus, the transmission and dynamics of diseases or 
behaviors in social networks have become a single research focus. 

4. Discussion 

4.1. Time trends, space distribution and core academic groups 

We found an increasing trend in the number of papers in the pub-
lished literature that applied SNT/A to public health. This was consistent 
with the increasing focus on this research field in recent years and the 
wider application of social networks to many areas of public health 
research including mortality [24], quality of life [25], specific infections 
[26,27], chronic diseases [13], risky or healthy behavior [12,28,29], 
mental health [30], and health equity [31]. 

The rapid development of this research field beginning in 2008 is 
most likely related to several articles published in top medical journals 
by Christakis’s team in 2007–2008 [12,13,32] that were also identified 
as core references in the field. Christakis et al. analyzed a large social 

network based on the Framingham Heart Study cohort data and 
concluded that obesity can be spread through social networks [13]. 
However, the article caused considerable controversy shortly after it was 
published. For example, Cohen-Cole and Fletcher [33] contended that 
failure to include contextual effects could lead to spurious inferences 
regarding “social network effects”; and indeed, when they attempted to 
replicate Christakis’s results they found that point estimates of the 
“social network effect” were reduced and became statistically indistin-
guishable from zero once standard econometric techniques had been 
applied. Despite the controversy, more studies have explored the spread 
of poor fitness [34], adolescent weight gain [35], and fertility behavior 
[36] throughout social networks since then. 

We identified close cooperation among some countries and in-
stitutes, with the United States taking the lead in this field of research, 
and two core academic groups forming within the United States and 
Europe. Harvard University, the University College of London, the 
University of North Carolina, and the Johns Hopkins Bloomberg School 
of Public Health were very active, so researchers can consider 
strengthening collaborative links and communications with these in-
stitutions to help them carry out research in the local social context. 

4.2. Research hotspots, evolution, and frontiers 

Distinct research focuses within the field of SNT/A in public health 
were clearly defined in terms of co-citation clusters, as the modularity of 
the network was relatively high (Q = 0.7010, mentioned as above) [22]. 
The two primary research focuses to date are the influence of social 
networks on population health at different ages and transmission of 
diseases or behaviors through social networks. 

The first main research focus reflects the impact of social networks 
on population health at different ages, especially in children and the 
elderly. Peer influences on adolescent obesity and health behaviors, 
such as smoking [37–39], alcohol use [39–41], and physical activity 
[42], are major focuses in the field. As for elderly populations, re-
searchers typically focus on the impact of social networks on mental 
health [30], quality of life [25], and health behaviors including 
engagement in physical activity, alcohol abuse, and use of comple-
mentary and alternative medicine [43]. For instance, Seeman et al. [30] 
evaluated whether social contacts, support, and social strain/conflict 
were related to executive function and memory abilities in middle-aged 
and older adults, and concluded that positive and negative aspects of 
social relationships were related to cognition throughout adulthood, and 
that social engagement could thus be an important factor to consider to 
promote optimal cognitive development and aging. The “loneliness” 
co-citation cluster in this category highlights the important role that 

Fig. 1. - Time trends in publications related to the application of social network theory and analysis to public health from 1991 to 2020.  
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social isolation and loneliness play as risk factors for morbidity and 
mortality in the elderly [24]. 

The second of the two focuses mentioned above, namely trans-
mission of infectious diseases, chronic diseases, or health behaviors 
within social networks, demonstrates one of the most valuable contri-
butions of SNT/A to public health research. Early researches regarding 
SNT/A in public health classically focused on the transmission of in-
fectious diseases especially HIV/AIDS [17]. Watts et al. pointed out that 
infectious diseases spread more easily in small-world networks rather 
than in regular lattices [44]. Researches regarding SNT/A in public 

health subsequently transitioned from a focus on infectious diseases to 
chronic diseases. Christakis’s team initiated a wave of research into the 
transmission of chronic diseases and health behaviors within social 
networks, as described above [12,13,32]. The “sexually transmitted 
disease” cluster within this category was consistent with the large 
number of studies on the spread of sexually transmitted diseases within 
social networks. Most of these studies are related to HIV and risky be-
haviors associated with transmission of this virus, such as sexual be-
haviors and injection drug use [45–48]. A “COVID-19” cluster was also 
apparent in this category, reflecting the application of social network 

Fig. 2. - Cooperation network graph of country/ 
region (a) and institution (b)a. 
a The size of each ring represents the number of 
publications (the larger the ring, the greater the 
number), and the thickness of the outer purple ring 
indicates centrality (the thicker the purple ring, the 
greater the centrality). (For interpretation of the 
references to colour in this figure legend, the reader 
is referred to the Web version of this article.)   
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theory to the study of the spread of COVID-19. Similar to many other 
respiratory infectious diseases, COVID-19 is transmitted by droplets, and 
thus spreads easily to social contacts [49]. Many researchers have 
focused on tracking the social contacts of COVID-19 patients to trace 
possible transmission paths, and advocate reducing social contacts to a 
minimum to control the COVID-19 pandemic [50,51]. As the SNT/A 
method could provide important insight into the study of emerging in-
fectious diseases such as COVID-19, more applied studies relevant to this 
topic are expected to be published in the future. 

We identified four main topics that have trended in the field over the 
past 30 years, namely: the impact of social support on health, the impact 
of social capital on health inequity, the dynamics of disease or health 
behavior transmission, and health research based on online social net-
works. Social support and social capital were the most important func-
tional characteristics of social networks and using network analysis to 
understand how social support and social capital influence health has 

been one of the largest areas of social network research in public health 
[1,11,52]. The development of the Internet has strengthened social 
contacts, and health is likely to be influenced by online social 
networking [53,54]. This has presented challenges in terms of 
researching disease, behavior, and information transmission networks, 
but also opportunities in the form of empirical studies [54] and inter-
vention studies [55] performed based on online social networks. 

4.3. Strengths and limitations 

Unlike previous qualitative reviews, this is the first study to quan-
titatively and intuitively describe the application of SNT/A to the field of 
public health, and as such will serve as a valuable reference for re-
searchers in this field. However, there were some limitations. The article 
language was limited to English, so non–English-language articles 
published in local journals were not included. In addition, the search 

Fig. 3. - Co-citation network of publications over time.  

Fig. 4. - Clustering graph of keyword co-occurrence.  
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strategy most likely did not cover all topics in the field of public health, 
as some disease-specific studies may not have been identified by the 
search terms that we used. 

5. Conclusions 

This study provides a comprehensive quantitative overview of the 
historic development of and latest topics in the application of social 
network theory and analysis method to the field of public health. The 
results from this study will help researchers quickly identify important 
references, scholars or academic groups that should be collaborated 
with, and new research directions in this field. There are many sub-fields 
that are worthy of further attention, such as social contagion, social 
capital, and social support, and further bibliometric analysis is needed to 
provide a more systematic and in-depth understanding of these aspects 
of the field. More attention should be paid to the important role of social 
networks in tracing the emergence of serious infectious diseases like 
COVID-19, as well as preventing and controlling chronic diseases and 
intervening in health behaviors, considering the increasing challenges 
and opportunities presented by online social networking. 

Ethics approval 

None sought. This study was a secondary analysis of publicly avail-
able data, therefore ethical review and consent were not required. 

Conflict of interest 

We declare that we have no financial and personal relationships with 
other people or organizations that can inappropriately influence our 
work, there is no professional or other personal interest of any nature or 
kind in any product, service and/or company that could be construed as 
influencing the position presented in the manuscript. 

Funding 

The National Natural Science Foundation of China, grant number 
71532014. 

References 

[1] D.A. Luke, J.K. Harris, Network analysis in public health: history, methods, and 
applications, Annu. Rev. Publ. Health 28 (2007) 69–93, https://doi.org/10.1146/ 
annurev.publhealth.28.021406.144132. 

[2] K.P. Smith, N.A. Christakis, Social networks and health, Annu. Rev. Sociol. 34 
(2008) 405–429, https://doi.org/10.1146/annurev.soc.34.040507.1346. 

[3] S. Wasserman, K. Faust, in: Social Network Analysis: Methods and Applications, 
first ed., Cambridge University Press, Cambridge, 1994. 

[4] L.C. Freeman, The Development of Social Network Analysis: A Study in the 
Sociology of Science, Empirical Press/BookSurge, Vancouver, BC/North 
Charleston, SC, 2004. 

[5] T.W. Valente, Social Networks and Health: Models, Methods, and Applications, 
Oxford Univ. Press, Oxford/New York, 2010. 

[6] Valente TW. Social networks and health behavior. In: Glanz K, Rimer BK, 
Viswanath K, editors. Health Behavior: Theory, Research, and Practice. fifth ed. 
New York: Wiley; p. 205-222. 

[7] S. Brinkhues, N. Dukers-Muijrers, C. Hoebe, C. van der Kallen, A. Koster, R. Henry, 
C. Stehouwer, P. Savelkoul, N.C. Schaper, M.T. Schram, Social network 
characteristics are associated with type 2 diabetes complications: the maastricht 
study, Diabetes Care 41 (2018) 1654–1662, https://doi.org/10.2337/dc17-2144. 

[8] L.F. Berkman, T. Glass, Social Integration, Social Networks, Social Support, and 
Health Social Epidemiology, Oxford University Press, New York, 2000, 
pp. 137–173. 

[9] L.F. Berkman, T. Glass, I. Brissette, T.E. Seeman, From social integration to health: 
durkheim in the new millennium, Soc. Sci. Med. 51 (6) (2000) 843–857, https:// 
doi.org/10.1016/S0277-9536(00)00065-4. 

[10] J.S. House, K.R. Landis, D. Umberson, Social relationships and health, Science 241 
(1988) 540–545, https://doi.org/10.1126/science.3399889. 

[11] S. Cohen, B.H. Gottlieb, L.G. Underwood, Social Relationships and Health. 
Measuring and Intervening in Social Support, Oxford University Press, New York, 
2000, pp. 3–25. 

[12] N.A. Christakis, J.H. Fowler, The collective dynamics of smoking in a large social 
network, N. Engl. J. Med. 358 (2008) 2249–2258, https://doi.org/10.1056/ 
NEJMsa0706154. 

Fig. 5. - Keywords with the strongest citation burstsa,b,c. 
a Year means the earliest year of all publications being analyzed. b Strength is an indicator related to the frequency of the keyword in a short time (the higher the 
strength, the higher the frequency). c Begin and end refers to the year of beginning and ending of the emergence of keywords, respectively. 

B. Shen et al.                                                                                                                                                                                                                                    

https://doi.org/10.1146/annurev.publhealth.28.021406.144132
https://doi.org/10.1146/annurev.publhealth.28.021406.144132
https://doi.org/10.1146/annurev.soc.34.040507.1346
http://refhub.elsevier.com/S2666-5352(21)00080-X/sref3
http://refhub.elsevier.com/S2666-5352(21)00080-X/sref3
http://refhub.elsevier.com/S2666-5352(21)00080-X/sref4
http://refhub.elsevier.com/S2666-5352(21)00080-X/sref4
http://refhub.elsevier.com/S2666-5352(21)00080-X/sref4
http://refhub.elsevier.com/S2666-5352(21)00080-X/sref5
http://refhub.elsevier.com/S2666-5352(21)00080-X/sref5
https://doi.org/10.2337/dc17-2144
http://refhub.elsevier.com/S2666-5352(21)00080-X/sref8
http://refhub.elsevier.com/S2666-5352(21)00080-X/sref8
http://refhub.elsevier.com/S2666-5352(21)00080-X/sref8
https://doi.org/10.1016/S0277-9536(00)00065-4
https://doi.org/10.1016/S0277-9536(00)00065-4
https://doi.org/10.1126/science.3399889
http://refhub.elsevier.com/S2666-5352(21)00080-X/sref11
http://refhub.elsevier.com/S2666-5352(21)00080-X/sref11
http://refhub.elsevier.com/S2666-5352(21)00080-X/sref11
https://doi.org/10.1056/NEJMsa0706154
https://doi.org/10.1056/NEJMsa0706154


Public Health in Practice 2 (2021) 100155

7

[13] N.A. Christakis, J.H. Fowler, The spread of obesity in a large social network over 32 
years, N. Engl. J. Med. 357 (2007) 370–379, https://doi.org/10.1056/ 
NEJMsa066082. 

[14] L.M. Glass, R.J. Glass, Social contact networks for the spread of pandemic influenza 
in children and teenagers, BMC Publ. Health 8 (2008) 61, https://doi.org/ 
10.1186/1471-2458-8-61. 

[15] Y.A. Amirkhanian, J.A. Kelly, E. Kabakchieva, A.V. Kirsanova, S. Vassileva, 
J. Takacs, W.J. DiFranceisco, T.L. McAuliffe, R.A. Khoursine, L. Mocsonaki, 
A randomized social network HIV prevention trial with young men who have sex 
with men in Russia and Bulgaria, AIDS 19 (2005) 1897–1905, https://doi.org/ 
10.1097/01.aids.0000189867.74806.fb. 

[16] D.A. Kim, A.R. Hwong, D. Stafford, D.A. Hughes, A.J. O’Malley, J.H. Fowler, N. 
A. Christakis, Social network targeting to maximise population behaviour change: 
a cluster randomised controlled trial, Lancet 386 (2015) 145–153, https://doi.org/ 
10.1016/S0140-6736(15)60095-2. 

[17] T.W. Valente, S.R. Pitts, An appraisal of social network theory and analysis as 
applied to public health: challenges and opportunities, Annu. Rev. Publ. Health 38 
(2017) 103–118, https://doi.org/10.1146/annurev-publhealth-031816-044528. 

[18] S.S. Virani, A. Alonso, E.J. Benjamin, M.S. Bittencourt, C.W. Callaway, A.P. Carson, 
A.M. Chamberlain, A.R. Chang, S. Cheng, F.N. Delling, L. Djousse, M. Elkind, J. 
F. Ferguson, M. Fornage, S.S. Khan, B.M. Kissela, K.L. Knutson, T.W. Kwan, D. 
T. Lackland, T.T. Lewis, American heart association council on epidemiology and 
prevention statistics committee and stroke statistics subcommittee. Heart disease 
and stroke statistics-2020 update: a report from the American heart association, 
Circulation 141 (2020) e139–e596, https://doi.org/10.1161/ 
CIR.0000000000000757. 

[19] L. Egghe, R. Rousseau, Introduction to Informetrics: Quantitative Methods in 
Library, Documentation and Information Science, Elsevier Science Publishers, 
Amsterdam, 1990. 

[20] O. Ellegaard, J.A. Wallin, The bibliometric analysis of scholarly production: how 
great is the impact? Scientometrics 105 (3) (2015) 1809–1831. 

[21] W.M. Sweileh, Bibliometric analysis of global scientific literature on vaccine 
hesitancy in peer-reviewed journals (1990-2019), BMC Publ. Health 20 (1) (2020) 
1252, https://doi.org/10.1186/s12889-020-09368-z. 

[22] C. Chen, CiteSpace II: detecting and visualizing emerging trends and transient 
patterns in scientific literature, J. Am. Soc. Inf. Sci. Technol. 57 (2006) 359–377, 
https://doi.org/10.1002/asi.v57:3. 

[23] C. Chen, F. Ibekwe-SanJuan, J. Hou, The structure and dynamics of cocitation 
clusters: a multiple-perspective cocitation analysis, J. Am. Soc. Inf. Sci. Technol. 61 
(2010) 1386–1409, https://doi.org/10.1002/asi.21309. 

[24] Y. Luo, L.C. Hawkley, L.J. Waite, J.T. Cacioppo, Loneliness, health, and mortality 
in old age: a national longitudinal study, Soc. Sci. Med. 74 (2012) 907–914, 
https://doi.org/10.1016/j.socscimed.2011.11.028. 

[25] A.G. de Belvis, M. Avolio, A. Spagnolo, G. Damiani, L. Sicuro, A. Cicchetti, 
W. Ricciardi, A. Rosano, Factors associated with health-related quality of life: the 
role of social relationships among the elderly in an Italian region, Publ. Health 122 
(2008) 784–793, https://doi.org/10.1016/j.puhe.2007.08.018. 

[26] P. De, A.E. Singh, T. Wong, W. Yacoub, A.M. Jolly, Sexual network analysis of a 
gonorrhoea outbreak, Sex. Transm. Infect. 80 (2004) 280–285, https://doi.org/ 
10.1136/sti.2003.007187. 

[27] L.A. Meyers, B. Pourbohloul, M.E. Newman, D.M. Skowronski, R.C. Brunham, 
Network theory and SARS: predicting outbreak diversity, J. Theor. Biol. 232 (2005) 
71–81, https://doi.org/10.1016/j.jtbi.2004.07.026. 

[28] H. Liu, T. Feng, H. Liu, H. Feng, Y. Cai, A.G. Rhodes, O. Grusky, Egocentric 
networks of Chinese men who have sex with men: network components, condom 
use norms, and safer sex, AIDS Patient Care STDS 23 (2009) 885–893, https://doi. 
org/10.1089/apc.2009.0043. 

[29] K. de la Haye, G. Robins, P. Mohr, C. Wilson, Obesity-related behaviors in 
adolescent friendship networks, Soc. Netw. 32 (2010) 161–167, https://doi.org/ 
10.1016/j.socnet.2009.09.001. 

[30] T.E. Seeman, D.M. Miller-Martinez, S. Stein Merkin, M.E. Lachman, P.A. Tun, A. 
S. Karlamangla, Histories of social engagement and adult cognition: midlife in the 
U.S. study, J. Gerontol. B Psychol. Sci. Soc. Sci. 66 (2011) i141–i152, https://doi. 
org/10.1093/geronb/gbq091. 

[31] J. Mithen, Z. Aitken, A. Ziersch, A.M. Kavanagh, Inequalities in social capital and 
health between people with and without disabilities, Soc. Sci. Med. 126 (2015) 
26–35, https://doi.org/10.1016/j.socscimed.2014.12.009. 

[32] J.H. Fowler, N.A. Christakis, Dynamic spread of happiness in a large social 
network:longitudinal analysis over 20 years in the Framingham Heart Study, BMJ 
337 (2008) a2338, https://doi.org/10.1136/bmj.a2338. 

[33] E. Cohen-Cole, J.M. Fletcher, Is obesity contagious? Social networks vs. 
environmental factors in the obesity epidemic, J. Health Econ. 27 (2008) 
1382–1387, https://doi.org/10.1016/j.jhealeco.2008.04.005. 

[34] S.E. Carrell, M. Hoekstra, J.E. West, Is poor fitness contagious? Evidence from 
randomly assigned friends, J. Publ. Econ. 95 (2011) 657–663, https://doi.org/ 
10.1016/j.jpubeco.2010.12.005. 

[35] M.M. Ali, A. Amialchuk, S. Gao, F. Heiland, Adolescent weight gain and social 
networks: is there a contagion effect? Appl. Econ. 44 (2012) 2969–2983, https:// 
doi.org/10.1080/00036846.2011.568408. 

[36] N. Balbo, N. Barban, Does fertility behavior spread among friends? Am. Socio. Rev. 
79 (2014) 412–431, https://doi.org/10.1177/000312241453159. 

[37] S.T. Ennett, K.E. Bauman, Peer group structure and adolescent cigarette smoking: a 
social network analysis, J. Health Soc. Behav. 34 (3) (1993) 226–236. 

[38] C. Alexander, M. Piazza, D. Mekos, T. Valente, Peers, schools, and adolescent 
cigarette smoking, J. Adolesc. Health 29 (1) (2001) 22–30. 

[39] G.C. Huang, J.B. Unger, D. Soto, K. Fujimoto, M.A. Pentz, M. Jordan-Marsh, T. 
W. Valente, Peer influences: the impact of online and offline friendship networks 
on adolescent smoking and alcohol use, J. Adolesc. Health 54 (2014) 508–514, 
https://doi.org/10.1016/j.jadohealth.2013.07.001. 

[40] S. Bullers, M.L. Cooper, M. Russell, Social network drinking and adult alcohol 
involvement: a longitudinal exploration of the direction of influence, Addict. 
Behav. 26 (2) (2001) 181–199, https://doi.org/10.1016/S0306-4603(00)00099-X. 

[41] J.N. Rosenquist, J. Murabito, J.H. Fowler, N.A. Christakis, The spread of alcohol 
consumption behavior in a large social network, Ann. Intern. Med. 152 (7) (2010) 
426–433, https://doi.org/10.7326/0003-4819-152-7-201004060-00007. W141. 

[42] C.G. Valle, D.F. Tate, D.K. Mayer, M. Allicock, J. Cai, A randomized trial of a 
Facebook-based physical activity intervention for young adult cancer survivors, 
J Cancer Surviv 7 (2013) 355–368, https://doi.org/10.1007/s11764-013-0279-5. 

[43] S. Shiovitz-Ezra, H. Litwin, Social network type and health-related behaviors: 
evidence from an American national survey, Soc. Sci. Med. 75 (2012) 901–904, 
https://doi.org/10.1016/j.socscimed.2012.04.031. 

[44] D.J. Watts, S.H. Strogatz, Collective dynamics of ‘small-world’ networks, Nature 
393 (1998) 440–442, https://doi.org/10.1038/30918. 

[45] A. Neaigus, S.R. Friedman, R. Curtis, D.C. Des Jarlais, R.T. Furst, B. Jose, P. Mota, 
B. Stepherson, M. Sufian, T. Ward, The relevance of drug injectors’ social and risk 
networks for understanding and preventing HIV infection, Soc. Sci. Med. 38 (1) 
(1994) 67–78, https://doi.org/10.1016/0277-9536(94)90301-8. 

[46] M. Morris, Int union sci study popul, in: Network Epidemiology: A Handbook for 
Survey Design and Data Collection, Oxford Univ. Press, Oxford/New York, 2004. 

[47] M.A. Davey-Rothwell, C.A. Latkin, An examination of perceived norms and 
exchanging sex for money or drugs among women injectors in Baltimore, MD, USA, 
Int. J. STD AIDS 19 (1) (2008) 47–50, https://doi.org/10.1258/ijsa.2007.007123. 

[48] M.A. Davey–Rothwell, C.A. Latkin, HIV–Related communication and perceived 
norms: an analysis of the connection among injection drug users, AIDS Educ. Prev. 
19 (4) (2007) 298–309, https://doi.org/10.1521/aeap.2007.19.4.298. 

[49] W.A. Chiu, R. Fischer, M.L. Ndeffo-Mbah, State-level needs for social distancing 
and contact tracing to contain COVID-19 in the United States, Nat Hum Behav 4 
(10) (2020) 1080–1090, https://doi.org/10.1038/s41562-020-00969-7. 

[50] A. Muscillo, P. Pin, T. Razzolini, Covid19: unless one gets everyone to act, policies 
may be ineffective or even backfire, PloS One 15 (2020), e0237057, https://doi. 
org/10.1371/journal.pone.0237057. 

[51] S. Chen, Q. Chen, W. Yang, L. Xue, Y. Liu, J. Yang, C. Wang, T. Bärnighausen, 
Buying Time for an Effective Epidemic Response: the Impact of a Public Holiday for 
Outbreak Control on COVID-19 Epidemic Spread, Advance online publication, 
Engineering (Beijing), 2020, https://doi.org/10.1016/j.eng.2020.07.018. 

[52] I. Kawachi, L.F. Berkman, Social cohesion, social capital, and health, in: L. 
F. Berkman, I. Kawachi (Eds.), Social Epidemiology, Oxford University Press, New 
York, 2000, pp. 174–190. 

[53] D. Lazer, A. Pentland, L. Adamic, S. Aral, A.L. Barabasi, D. Brewer, N. Christakis, 
N. Contractor, J. Fowler, M. Gutmann, T. Jebara, G. King, M. Macy, D. Roy, M. Van 
Alstyne, Social science: computational social science, Science 323 (2009) 721–723, 
https://doi.org/10.1126/science.1167742. 

[54] N.K. Cobb, A.L. Graham, D.B. Abrams, Social network structure of a large online 
community for smoking cessation, Am. J. Publ. Health 100 (2010) 1282–1289, 
https://doi.org/10.2105/AJPH.2009.165449. 

[55] F.J. Rondán-Cataluña, P.E. Ramírez-Correa, J. Arenas-Gaitán, M. Ramírez-Santana, 
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