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This dissertation aims to assess the applicability of the social network method on 

HIV research among female sex workers (FSWs). 

Manuscript 1 reported the findings from a systematic literature review which 

examined the application of social network method in HIV studies focusing on FSWs. 

The majority of the identified studies were limited to local social networks or FSW 

establishments and did not use sophisticated statistical approaches to analyze sociocentric 

network data. The discrepancies in network definitions and data collections made it 

difficult in interpreting their findings and assessing validity. Most of the analytic plans 

for egocentric studies were limited to information at the individual level rather than that 

at the ego-alter ties. 

The project reported in manuscripts 2 and 3 used empirical data from a multi-

center egocentric network study among mid-age FSWs in China to assess the extent to 



 

which social network components influence HIV testing behaviors (paper 2), and the 

associations between Chinese collectivist culture and FSWs’ social networks (paper 3).  

As reported in the manuscript 2, among 1,245 FSWs, 62.2% of them received an 

HIV test. HIV testing was positively associated with higher network transitivity (AOR: 

1.77; 95% CI: 1.18-2.64) and inversely associated with network trust (AOR: 0.74; 95% 

CI: 0.56-0.97). Although social support was not associated with HIV testing, the increase 

in social cohesion may provide substantial support for HIV testing.  

As documented in manuscript 3, Chinese collectivism tendency was negatively 

associated with their perceived social support (95% CI: -0.33, -0.04), network effective 

size (95% CI: -0.30, -0.01), and network betweenness (95% CI: -0.33, -0.09). FSWs who 

had the highest level of collectivistic tendency and perceived a higher level of stigma are 

more likely to stay at a “bridging” position and connect with weak social ties rather than 

a strong cohesive group.   

This dissertation projects provide empirical evidence that social networks can be 

used to analyze the social environment of FSWs and its impact on HIV preventive 

behaviors among this HIV vulnerable population. The findings make additional 

contributions to the application of social network methods in social and behavioral 

research with a focus on FSWs. 
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Chapter 1:  Introduction 

1.1 Background and Rationale 

Despite the global public health efforts to curb the human immunodeficiency 

virus (HIV) and acquired immune deficiency syndrome (AIDS) epidemic, up until 2018, 

an estimated of 37.9 million (32.1 million–44.0 million) people are living with HIV 

globally (1). Unlike the propagation of most of the infectious disease agents, HIV does 

not transmit randomly through casual contacts. It is embedded in complex social and 

sexual relationships. Preventive measurements, such as condom use, requires the 

agreement of at least two parties for compliance. These special characteristics of HIV 

transmission make the social network method a natural fit for research aiming to stop 

HIV/AIDS on a population level.  

 “A social network consists of a set of nodes (sometimes referred to as actors or 

vertices in graph theory) connected via some type of relations, which are also called ties, 

links, arcs or edges” (2). In HIV/AIDS research, the network nodes usually are the high-

risk population of interests, such as female sex workers (FSW), men who have sex with 

men (MSM), intravenous drug users (IDU), etc. Depending on the nature of social 

relations, network relationships (edges) could be general social contacts, social supports, 

friendships, sexual contacts, or needle-sharing relationships. For sexually transmitted 

infections, the risk of each individual to acquire infection not only depends on an 

individual’s behavior but also on the social network they belong to. A sample sexual 

network is demonstrated in Figure 1-1. The red nodes are female sex workers, and the 

black nodes are their clients. The grey lines between each node indicate sexual 

relationships. In this network, although wife 1 only has sexual intercourse with her 
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husband, she is still at high risk for HIV acquisition because her husband is connected 

with a larger transmission network. Milgram described the phenomenon that every two 

individuals are connected through a relatively short chain of social relationships as the 

“small-world theory” (3). Therefore, HIV intervention efforts should not only focus on 

individual behaviors but also stop the transmission at a network level. 

 

Besides transmission networks, social influence and social support networks are 

also crucial in HIV prevention. Behavioral interventions, such as consistent condom use 

and needle exchange programs, could significantly reduce an individual’s risk of HIV 

infection. In 1987, before the discovery of antiretroviral drugs, researchers found a 

significant decline of seroconversions among MSM in San Francisco, solely because of 

the change in sexual behaviors, such as reducing the frequency of needle-sharing (4,5). 

However, behavioral interventions targeting the individual behavioral change could only 

achieve a 25%-40% reduction of HIV risk behaviors (6). Individual’s behaviors are not 

Figure 1-1: A Sample Demonstration of a Sexual Network 



 3 

only determined by their own will, but also determined by their social environment, such 

as social support, social influence, perceived social norms, etc. (7). Empirical studies 

found an individual’s social networks and environmental factors significantly impact HIV 

risk behaviors among high-risk populations (8–10). Therefore, studying social networks 

could provide us important insights for HIV transmission mechanisms and behavioral 

intervention. 

Although social network studies have gained increasing attention in HIV/AIDS 

research, only a few studies use social network methods and focus on sex workers, 

especially compared to other high-risk populations such as MSM and IDUs. For example, 

a systematic review published in 2018 reviewed the association between social networks 

and HIV risk behaviors among female sex workers. Out of the nineteen studies they 

reviewed, only three papers, all from one longitudinal study, systematically collected 

social network data and quantitatively analyzed the network data. This number is 

exceptionally low compared to MSM and IDU literature (11–15).  

To fill the gaps in the literature, the goal of this dissertation is to (1) summarize and 

analyze the current application of social network methodologies in HIV/AIDS research 

focusing on female sex workers; (2) explore the association between social networks and 

HIV preventive behaviors using a egocentric social network sample collected in mid-age 

female sex workers in China; (3) use the same sample to explore the association between 

the socio-cultural factors and social networks.  
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1.1.1 Literature Review (For paper 1) 

Qiao et al. (2014) conducted a systematic review on the relationship between social 

support and HIV-related risk behaviors among high-risk populations including drug 

users, MSM, transgender women, female sex workers, and HIV positive individuals. 

Qiao et al. (2014) reviewed the measurements used for social support, including the 

functions and the structures of social networks, the association between social support 

and HIV risk behaviors, and how to interpret the results across different populations. This 

review found that higher social support was generally associated with lower HIV-related 

risk behaviors among FSWs, people living with HIV/AIDS (PLWHA), and heterosexual 

adults. However, the association was inconsistent among drug users, MSM, and 

adolescents (16). Qiao et al. (2014) attributed the inconsistent findings to (1) the effect of 

social support on HIV risk behaviors might be network dependent. Social supports from 

drug-using networks would not promote positive behavior change; (2) different social 

support and HIV risk behaviors measurements may also result inconsistent findings. 

Social support scales varied a lot in terms of dimensions and items. These inconsistency 

in measurements scales made studies difficult to be compared with each other (17). 

Perkins et al. (2015) reviewed the sociocentric social network studies in low and 

middle countries with health-related outcomes. They identified the challenges in 

sociocentric network data collections, including the difficulties in identifying study unit 

(e.g., an individual, a community or an organization), defining study boundary (e.g., 

small towns, islands, classroom), and dealing with missing values,  and the lack of 

sufficient analytical methods in these studies. The review suggested that there should be 

new methods to ensure the accuracy in identifying social ties (18).  



 5 

Shushtari et al. (2018) reviewed 19 existing studies on the impact of social networks 

on HIV risk behaviors among female sex workers. This is the only systematic review 

focusing on female sex workers. They examined the various study designs, the influence 

of the functional network, the use of network structure, and the main findings of these 

studies. The author found that majority of the social network studies did not use a name 

generator, or a social network inventory. A name generator/network inventory is a survey 

tool that uses a series of questions to generate a list of network members’ names and their 

relationships in data collection. Because of the limited applications of name generators in 

these studies, social network structures were not investigated in majority of the studies 

(19). Other systematic reviews focused on the development and the effectiveness of 

network-level intervention strategies, such as peer education and using social networks to 

identify key opinion leaders in reducing HIV related risk behaviors (20,21). 

However, no systematic review has ever examined the data collection, statistical 

methods, and interpretation of social network studies in the field of HIV/AIDS among 

female sex workers. Therefore, Chapter 3 of this dissertation intended to review and 

critique the different data collection strategies, social network definitions, and statistical 

analysis methods being used in social network studies that focus on FSWs and HIV 

infections. We intend to synthesize the current application of social network methodology 

on HIV studies among FSWs to identify what has been done and what should be done in 

the future. 
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1.2 Background and Rationale (For paper 2-3) 

HIV/STI Risk among Female Sex Workers in China 

Despite global efforts in HIV prevention, new infections of HIV in China 

continue to thrive. In 2018, China reported having over one million people living with 

HIV, with approximately eighty thousand new infections occurring every year. Among 

these new infections, 69.6% were infected through heterosexual transmission (22). In 

2017, 59.3% of heterosexual male cases were contracted through commercial sex 

exchange (23).  

Commercial Sex Industry in China 

The commercial sex industry has flourished in China since the 1980s. After the 

Chinese economic reform and the loosing of government controls, an estimated 10 

million women in China were engaged in commercial sex work (24). Although the 

Chinese government has enforced strict rules against prostitution, demands for 

commercial sex are still likely to expand as the increasing number of unmarried men. 

China’s one-child policy and its long-standing son preference culture have led to a 

skewed sex ratio at birth. According to China Statistical Yearbook in 2018, the male to 

female sex ratio for the population under the 4-year-old was 114.52:100 (25), leaving an 

estimated 70 million surplus men without a wife by the year 2050 (26,27). Men who are 

considered “less desirable” in the marriage market are characterized as poor, less 

educated, and living in rural areas or are the rural to urban migrant workers (“农民工”). 

Given the difficulties these surplus men face in finding a bride, demands for low-paid 

female sex workers (FSW) are expected to grow, further exacerbating the HIV epidemic 

(28–30).  
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Among all types of female sex workers in China, mid-age female sex workers 

(aged 35 and above) carry the heaviest burden of sexually transmitted diseases (31,32). 

Historically, Chinese female sex workers have been classified into three “tiers” based on 

their charges per service, and mid-age female sex workers are often classified into the 

lower tier (33,34). High and middle-paid sex workers are predominantly younger, more 

educated, and more likely to be organized into venues that provide regular clientele and 

protections (35). Mid-age FSWs, on the other hand, have lower education levels, are 

more likely to solicit by themselves or in a weakly structured venue (on the street, small 

beauty parlor, or factories), and therefore charge less for their services. High and middle 

paying female sex workers tend to enter the sex industry at a younger age and quit sex 

work in their 30s when they are considered “less competitive” at which point they get 

married or run a small business. In contrast, mid-age female sex workers are more likely 

to enter the sex industry when they are 30s because of economic hardship. This hardship 

often puts them in a more vulnerable position to negotiate condom use or other 

preventive methods (34,36). Among the three tiers of female sex workers, low-paid 

FSWs are three times more likely to have HIV infection (31) and four times more likely 

to have other sexually transmitted infections (STI) (32), compared to high-tier FSWs. 

The primary clientele of mid-age female sex workers is rural to urban migrants 

and low-paid manual workers. The estimated HIV prevalence in these populations is ten 

times greater than HIV prevalence in the general adult population. These male clients are 

3-44 times more likely to have other bacterial STIs such as syphilis, gonorrhea, and 

chlamydia (37). These low-paid migrant workers are characterized by their high mobility, 

separation from their long-term partners, higher rates of concurrent partners, and frequent 
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visits to commercial sex workers (38,39). These workers’ high-risk behaviors and the 

ability to link geographically separated epidemics (from high prevalent to low prevalent 

regions) would sustain the HIV epidemic among general populations (39,40). Therefore, 

studying low-paid mid-age female sex workers plays a crucial role in curbing HIV/STI 

epidemic nationwide. 

Social and Political Barriers in HIV/STI prevention   

Compared to high-paid FSWs, low-paid mid-age female sex workers are more 

likely to engage in risky sexual behaviors. Mid-age and low-paid FSWs continued to 

have low uptake of condom use with their clients (33,34,41). The higher economic 

pressures, sex work related stigma, and close relationship with clients of are barriers to 

self-management and preventive behavior change for mid-age FSWs (33). Beyond 

individual-level factors and self-management, condom use with clients is not determined 

by FSWs but their clients. The majority of the female sex workers list “clients refused to 

use a condom” as the main reason for not using condoms in their sex acts (33,36,42).  

The political environment in China also increases the vulnerability of female sex 

workers. Prostitution is illegal in China, and severe penalties are introduced to repeated 

offenders as a part of anti-HIV efforts (43). Before the1980s, female sex workers were 

considered “victims” of capitalist patriarchy, and the penalties associated with 

prostitution were considered as “re-education” rather than punishment. However, since 

the confirmation of the first HIV cases in China in 1986 and the rising STI epidemics 

(30), female sex workers have been punished more severely for public health concerns. 

The state and the Communist party started to further stigmatize FSWs by labeling their 

reasons for prostitution as materialism and laziness (43). The state enforced periodical 
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“strike-hard” movement (44,45), a campaign style of policing (Yanda 严打运动) to 

combat prostitution in China (43). The local law enforcement would periodically ambush 

entertainment venues to arrest FSWs.  

These socioeconomic and emotional vulnerabilities further drive FSWs away 

from the mainstream discussion and decrease their utilization of preventive healthcare 

(46). Therefore, identifying the social structural factors that affect Chinese FSWs' 

preventive behaviors should be prioritized as one of the main intervention strategies to 

reduce risky sexual behaviors and curb the HIV/STI epidemic among the heterosexual 

population. 

Role of Social Support in HIV/STI Preventive Behaviors 

Given the circumstances of mid-age female sex workers in China, the barriers to 

adopting HIV preventive behaviors are not only determined by their individual factors, 

but also the social structural factors rooted in the political environment and their social 

relations. Social network method is the natural fit for studying the immediate social 

environment of FSWs. The social networks method is rooted in the social capital theory 

which believe that social relations have values. The word “social capital” refers to the 

“ability to secure benefits through membership in networks and other social structures” 

(47). This could be quantified as the function and structural resources embedded in a 

social network that could determine an individual’s behavior (48).  

The functions of network resources are social support, information support, or 

social influence. Social support has been extensively studied as the facilitators for 

HIV/STI preventive care (16,49–51). HIV high-risk populations are more likely to access 

healthcare facilities, use condoms, or participating in needle exchange programs if they 
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receive more social support from their family and peers (52–54). Positive social norms 

towards preventive behaviors and information dissemination through social networks are 

also positively associated with an individual’s health overall outcomes (55–57). For 

example, if a Zambian FSW wants to make friends with other FSWs, she will need to be 

tested negative for HIV first (58). FSWs in Shandong are more likely to be tested for HIV 

if testing is important to their family members (59). 

In addition to the function of social networks, the structural aspects of social 

networks are equally important. The shapes and types of social relations have a 

significant influence on an individual’s behavior. Putnam argued that there are two types 

of relational effects in social networks, bonding and bridging. Networks composed of a 

group of homogenous social contacts are predominantly bonding networks, such as 

friends, family, and organizational groups (60). Members of these networks are 

interconnected and provide repeated social influences to reinforce behavioral changes 

(61). These dense networks can “provide crucial social and psychological support for less 

fortunate members of the community” (62).  

Although a strong and dense family and friends’ network could psychologically 

empower FSWs to negotiate for condom use with their clients, the effects of network 

bonding are not always positive. Harmful social norms and deviant behaviors are more 

likely to be tolerated in close-knit networks, especially among socially marginalized 

populations (63). Intravenous drug users (IDUs) are more likely to exchange sex for 

money if they have other IDUs in their networks (64). Migrant workers are also more 

likely to patronize a prostitute if their networks are composed of interconnected migrant 

workers (65). 
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Different from network bonding effects, networks with more bridging potential 

could help individuals get resources outside of their social circle and for information 

diffusion. A person is in a bridging position if two individuals could only be connected 

through that person. Hence, this type of network is less interconnected, contains network 

members who are less bounded, has fewer common features, and is usually less 

emotionally connected. These network relations are known as the “weak ties” (66). 

Because of the differences among them, new information will be more likely to flow 

within the network, leading to more opportunities for collaboration and innovation 

(62,67). Similarly, for FSWs, having a social network with more diversified social 

contacts could help them gain more information and potentially provide them with 

opportunities outside of sex work.  

In addition to the traditional benefits of the “bridging network,” this network 

pattern may give FSWs and other socially marginalized populations more social power to 

control the information flow within a social network. When two unlinked individuals 

both connected with a mutual third person, this third person is considered as the “bridge” 

between the two individuals. And that third person has the social power to decide how 

much information could flow between the two individuals who are not connected 

otherwise.  
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 Being at a “bridging position” gives crucial structural advantages to FSWs to 

secure their social contacts. Because of the stigma around sex work, most of the FSWs 

conceal their identity from their family and friends. In a close-knit community, exposing 

their identity to any social contact put FSWs at risk for losing all of their social contacts 

(Error! Reference source not found.). On the contrary, in a sparser social network, even if 

one social contact finds out about the information, they cannot spread it to FSWs’ entire 

social network (Figure 1-3). An empirical study had found that FSWs who had more 

bridging potential in their social networks received more social support from their 

network members (68). Men who have sex with men (MSM) were more likely to put 

themselves in a “bridging position” after the positive HIV diagnosis to cope with the 

potential stigma and discrimination from their networks (13). Unfortunately, limited 

literature has been focused on the structural effects of FSWs’ social networks on HIV 

preventive behaviors. This study plans to fill the literature gap by investigating the 

network structural effects on HIV testing behaviors among mid-age FSWs in China and 

how the Chinese social and cultural contexts influence FSWs’ social networks.  

Contact 
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Social cluster 
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Figure 1-3: A social network with "bridging potential" Figure 1-2: A close-knit social network 
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1.2.1 Literature Review (Chapter 4) 

Recent studies suggest that individual, interpersonal and societal factors 

contribute to the low HIV testing rate among female sex workers (46,69–71). Tokar et al. 

(2018) identified that older age, having children, higher perceived risk, social support 

(from family, peers, and pimps/venue owners), peer education and having access to 

health professionals are all facilitators for HIV testing behaviors among female sex 

workers (69). HIV and sex work stigma, negative attitudes towards fellow FSWs, social 

marginalization, discrimination from healthcare workers cost, and crimination of sex 

workers are all barriers to HIV testing behaviors for FSWs (69).  

Social network characteristics significantly influence HIV preventive behaviors 

among FSWs (19,72–76). Social networks are the main source of information for female 

sex workers (63). However, the influence of social networks is not always positive. 

Higher levels of perceived social support are associated with the uptake of preventive 

behaviors (72,75,76), but the impact may differ based on the source of social support 

(53). Higher levels of perceived support from clients or sexual partners are negatively 

correlated with HIV preventive behaviors (53,77), but support from family and FSW 

friends has a positive influence on FSWs’ HIV preventive behavior (72,75,76). 

Several qualitative studies identified that the lack of HIV knowledge and HIV 

service information (58,78), perceived low risk of HIV (78), fear of positive results 

(78,79), low trust in healthcare professionals (58,78), lack of social support (78), and fear 

of stigma (58,78–80) are associated with low HIV testing uptake. Qualitative studies 

specifically focusing on social networks and HIV testing revealed that the amount of 
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perceived social support (81,82), social cohesion (83), and social participation (83) are all 

positively associated with HIV testing behaviors.  

We identified five papers that examined the correlation between social support 

and HIV/STI testing among Chinese FSWs (35,46,59,70,71). Most studies found that 

support from workplace contacts, including fellow FSWs and gatekeepers, are important 

facilitators for HIV/STI testing (46,59,70,71). One study found that social support from 

family and friends is not associated with HIV testing (46), and other studies suggested 

otherwise (35,59). Three studies quantitatively examined the association between HIV 

testing and social support (46,59,70). Wang and colleagues used dichotomized 

measurements for social support, such as asking FSWs whether they are willing to test 

for HIV if another FSW has been tested (46,59). Hong et al. (2008) utilized an 8-item 

scale to evaluate whether FSWs’ managers provided the necessary tangible and 

emotional support for FSWs to get HIV tested (70). None of these studies systematically 

examined the association between social network characteristics and FSWs’ HIV testing 

behaviors using social network methods (i.e., using name generators in data collection). 

No study has ever examined the association between the structure of social networks and 

HIV testing behaviors among female sex workers (71,84).  

 A few studies have investigated the influence of social network structure in HIV 

testing behavior among the MSM community. In a cross-sectional study among young 

MSM in Detroit, Veinot et al. (2016) examined how the structures of MSMs’ personal 

networks related to their HIV testing uptake (55). This study found that a higher network 

range (i.e., how many types of social relations an individual has) was positively 

associated having at least one HIV test in their lifetime. Higher network homophily (i.e., 
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the level of similarities among network members) was positively associated with having 

an HIV tested within the last 12 months (55). Wagner et al. (2015) found that higher 

levels of network centralization, a measure of the degree to which one or a few 

individuals maintain the majority of the ties in the network, was positively associated 

with having at least one HIV test in their lifetime (85). Network density, another measure 

of network cohesion, was not associated with HIV testing (85). These two studies 

demonstrated a possible correlation between network structures and HIV testing 

behaviors. However, limited researches have ever investigated the correlation between 

social network structures and HIV testing behaviors among FSWs. Therefore, more 

research is needed to explore other network measurements to better explain the 

mechanism behind the effects of social networks on HIV preventive behaviors among 

female sex workers in China.   
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1.2.2 Literature Review (Chapter 5) 

Although the association between social networks and health outcomes has been 

well-researched in previous literature (19,86,87), few studies focused on the factors 

associated with the composition and structure of social networks. McFadden et al. (2014) 

found that positive HIV results significantly changed the social networks of young black 

MSM (YBMSM) in Chicago (13). After a positive HIV diagnosis, the percentages of 

family and relatives in YBMSM’s personal network decreased. Their network cohesion 

and density also decreased but the network betweenness was increased. Network 

betweenness measures the “bridging” potential of an individual’s social network (88). A 

sparser network with a more “bridging” position increased YBMSM’s control of the 

information flow across their personal networks as the coping mechanism for the positive 

diagnosis (13). In addition to HIV results, involvement in criminal justice, sexual 

orientation, economic hardship, and risk behaviors were associated with the change of 

social networks as well (11,89,90). The aforementioned literature was published from the 

uConnect, a prospective longitudinal cohort study targeting YBMSM in Chicago. To our 

knowledge, no other research has investigated the network dynamics of other HIV key 

populations (e.g., FSWs, intravenous drug users, etc.). To fill this research gap, the 

present study examines factors associated with the function, composition and shape of 

FSWs’ social networks in China. 

Two factors, collectivistic tendency and occupational stigma, might influence the 

social networks of Chinese FSWs. Chinese culture is predominantly collectivistic. 

Because of the long history of cultural and socialist political ideology, Chinese people 

emphasize group values over individual values (91,92). Although collectivist cultures 
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promote interconnected community and harmony within social groups, the relationship 

between FSWs and their social contacts may not be very friendly. A recent study found 

that collectivistic tendency is positively associated with ingroup vigilante. People with 

higher collectivistic tendency are more likely to have competitive rather than cooperative 

in-group relationships (93). Similarly, the collectivistic tendency might be a barrier for 

FSWs to receiving adequate social support and new information from their social 

networks. For FSWs’ social networks, the shame from having a sex worker in their social 

circle may outweigh the benefits of having an emotional or social bond with her. FSWs 

believe that their family and friends would be ashamed once their identity as an FSW is 

revealed (94). Social stigma related to sex work, exacerbated by the collectivistic Chinese 

culture, might force FSWs to be more selective with their network. Some empirical 

studies found that FSWs’ collectivistic attitude toward family members is positively 

associated with their perceived self-stigma (fear of societal judgment and negative 

attitudes) (95). But their collectivistic attitude toward friends and neighbors were 

negatively associated with their public-stigma (negative attitudes and judgment endorsed 

by society) and self-stigma (95). Similar to FSWs, the collectivistic tendency is also 

positively associated with stigma and discrimination against homosexuality among the 

MSM population in China (96). However, limited research has focused on the interplay 

among collectivism, social stigma, and social networks for FSWs. 
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1.3 Objectives/Research Questions  

The overarching goal of this dissertation is to explore how to leverage social network 

methods to increase the uptake of HIV preventive behaviors among female sex workers. 

The dissertation is organized as follows:  

Specific Aim 1 (Paper 1): This proposed study aims to summarize and critique the 

current applications of social network methods in HIV studies focusing on female sex 

workers. This study will critically discuss the research question, social network 

measurements, and analytical plan of all the identified studies.  

Specific Aim 2 (Paper 2): This study will use a unique sample of egocentric social 

network survey collected among mid-age FSWs in China to explore the association 

between social network characteristics and HIV testing behaviors.  

a. What factors may influence the HIV testing behaviors of mid-age FSWs in China? 

b. How do social support networks influence the HIV testing behaviors of mid-age 

FSWs in China? 

Specific Aim 3 (Paper 3): This study will use the same data from aim 2 to 

investigate how the higher-level socio-cultural influence the function and structures of 

social support networks among mid-age FSWs in China.  

a. Does occupational stigma (as a female sex worker) influence the social support 

networks of mid-age female sex workers in China? 

b. Does collectivism tendency toward friends the social support networks of mid-age 

female sex workers in China? 

c. Does occupational stigma modify the relationship between collectivism and social 

network measurements. 
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1.4 Theoretical/Conceptual Framework 

The conceptualization of this study is based on the social-ecological model and 

the social network resource model. The social-ecological model integrates individual, 

interpersonal, and socio-cultural determinants of behaviors to explain the dynamic nature 

of sexual behavior (97–99). The social-ecological model suggests that individual 

behaviors are determined not only by an individual’s own psychological predisposition, 

but also by the production of the environmental and policy context of the behavior. There 

are three main aspects of an individual’s social environment: sociocultural factors, such 

as social stigma, cultural practice, government policy, etc.; interpersonal factors, such as 

social networks, community influences, caregiver influences, etc.; and individual factors, 

such as education level, health literacy, beliefs, etc.; (Figure 1-4) (6,100).   

The present study specifically focuses on the interpersonal level of the social 

ecology model, social networks. Johnson et al. proposed a network-individual-resources 

model for HIV prevention to explain the mechanism of how social networks influence an 

individual’s HIV preventive behaviors (97). There are two primary resources embedded 

Sociocultural Factors 
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Chinese Collectivistic 
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Unmeasured: 
Government Policy 
Police Brutality 
Poverty 
 
 
 

Interpersonal Factors 
Marital Status 
Social Networks: 
 
a. functions of social 
networks (amount of 
social support). 
 
b. structures of social 
networks (homogenous 
vs. diversified) 
 

Individual Factors 
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HIV/STI knowledge 
Beliefs  
Attitudes toward HIV 
preventive behaviors 
 

HIV/STI preventive 
Behaviors. 
a. Condom Use 
b. HIV/STI testing and 
care seeking 
c. Medication 
Adherence 

 

 
Figure 1-4: Social Ecological Model Conceptual Framework 
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in an individual’s social networks: mental/emotional resources such as enabling positive 

attitudes, social norms, positive social influences, self-efficacy, etc., and tangible 

resources such as partner’s income, shared possessions, or specific items such as 

condoms. Access to these network resources facilitates HIV preventive behaviors by 

enabling individuals to survive and thrive using their network resources. For example, 

people with inadequate resources have less power to cope with stressful life events, and 

people are more risk-averse when they feel safe. They are also more likely to trade distal, 

probabilistic HIV concerns for tangible and proximal needs. If a client offers more money 

for unprotected sex, FSWs with limited resources are more likely to accept the offer than 

FSWs who have a social support system. In addition to the importance of network 

resources, network trust plays a central role in HIV prevention. The positive social 

influence could only be delivered through trusted social contacts but trust towards sexual 

partners results declining in condom use (97).  

In addition to social influence, an individual’s social network also shapes the risk 

of HIV infection and the patterns of HIV transmission in a society. An individual’s risk 

for HIV is not only determined by their behaviors, but also by their connected sexual 

networks. An individual is at high risk for HIV even if they are only connected to one 

HIV high-prevalence group. Therefore, network-level intervention should focus on 

finding the appropriate method to disrupt the connections between HIV negative 

individuals and HIV high-risk populations. This disruption is more difficult among 

individuals with limited tangible and mental resources and needs to be administered in a 

culturally appropriate manner (97). Therefore, combining the social-ecological model 
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with the network-individual-resource model is appropriate to curb the HIV epidemic 

among FSWs in China.  
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1.5 Innovation and Significance 

Chapter 3 (Paper 1): An important challenge to the current literature of social network 

studies on female sex workers and HIV risk is the gap between developing social network 

methodology and applying it to the real world. Although several social network methods 

have been developed to analyze social network data, the primary study design and data 

collection have many difficulties in compliance with the assumptions of these statistical 

methods (i.e., the research unit in network data are not independently sampled). 

Therefore, a comprehensive review of current application of social network 

methodologies in HIV/AIDS research for FSWs is needed to bridge the gap between the 

social network theories and the application of the methods in preventive research. In 

addition, although social network studies often face difficulties to generalize the findings 

from one network to the population, behavioral studies focusing on HIV/AIDS need to be 

generalizable to design appropriate intervention strategies. This review helps the future 

researchers to establish consensus on the data collection, study design, and statistical 

analysis for similar studies. 

Chapter 4 (Paper 2): Regular HIV testing is crucial in diagnosing HIV infections at an 

early stage, especially for HIV high-risk populations. Early deduction of HIV can help 

HIV positive individuals to take antiretroviral therapy initiation at an early stage and 

reduce the frequency of high-risk sexual behaviors. Mid-age FSWs in China is 

considered as HIV key population. Exploring factors associated with HIV testing among 

Chinese mid-age FSWs is important in curbing the onward HIV epidemic among the 

heterosexual population in China. 
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Paper 2 is innovative because it uses two novel methods to measure social 

network characteristics and address the potential self-report bias. In this study, we use 

novel social network predictors to assess the social cohesion of FSWs’ social support 

networks. In traditional HIV/AIDS research, social cohesion is measured by a scale of 

social cohesion and social integration (101,102). A sample question of this scale is, “You 

can count on your colleagues if you need advice.” Although this scale effectively 

measures the level of social integration of individuals, it does not quantify the number of 

resources available and the precise relationships within an individual’s social network. 

Therefore, we use a sample collected from an egocentric network that specifically asks 

the number of social contacts that could provide social resources to the individual. We 

calculate the level of social cohesion using network structural predictors such as network 

density, transitivity, effective size, and constraint. It could characterize an individual’s 

social network with greater precision. 

 Another innovation is that we use a novel method to verify the results to reduce 

the self-report bias. The primary outcome variable in this study is a self-report HIV 

testing status. Self-report variables are prone to social desirability bias and recall bias. 

FSWs may overreport their HIV testing history to avoid moral judgment from the 

researchers. Similar biases occur in self-report condom use as well. However, different 

from HIV testing behaviors, which we cannot be verified objectively, recent condom use 

could be validated through biomarker testing. Prostate-specific antigen (PSA) is a protein 

that could be found in males’ specimens. Female bodies do not have PSA naturally. 

Females are tested positive for PSA only if they have unprotected sex within 24 hours. 

Therefore, the self-reported condom use within 24 hours could be verified by the PSA 
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test (103,104). Since the social desirability biases in both variables are in the same 

direction, FSWs who overreport their condom use is more likely to report their HIV 

testing behavior. Thus, we run a subsample analysis to examine the robustness of the 

association between HIV testing and social network measurements among the FSWs who 

correctly report their condom use behavior. Since most of the self-report behaviors 

cannot be validated externally, this test could serve as a potential protocol for sensitivity 

analysis and reduce the potential social desirability biases in self-report surveys.  

Chapter 5 (Paper 3) Although social network characteristics have been linked to 

individuals’ health outcomes, social network-level interventions may not as effective as 

we hope. A social network is reciprocal. Individuals must commit to helping their 

network members in order to receive the benefits from them. For example, simply 

increasing social support to fill the needs based on an individual’s health condition may 

bring greater stress to the patients. Caregivers possessed higher social power over the 

individual who receive social support from them. This could further increase the 

perceived stress that an individual faces (105). Therefore, social network intervention 

should be strategized and culturally appropriate. However, few studies have ever focused 

on the mechanism and delicacy of individuals’ social networks.  

 This study is innovative because it provides additional insights on how socio-

cultural factors may influence social network characteristics among mid-age female sex 

workers in China. Both sex work related social stigma and Chinese collectivistic culture 

deeply influenced how FSWs viewed their networks and how they adapt to their social 

lives. By studying the influence of these two factors on FSWs’ social networks, we could 

design social network intervention in a more effective and culturally appropriate manner. 
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Chapter 2:  Methods  

The following chapter contains detailed information about the epidemiologic 

methods presented in Chapters 3-5. 

2.1 Study design and data source (Paper 1) 

A systematic literature review was conducted in March 2020 using electronic 

search in major health science databases, including PubMed, Web of Science, 

ScienceDirect, EBSCO (Medline) and ProQuest. A total of 6891 articles were identified, 

and 12 articles were included for the final review. The detailed study design and data 

collection protocols had been described in Chapter 3.  

2.2 Study design and data source (Paper 2-3) 

Secondary data analysis was performed for paper 2 and paper 3. This data was 

derived from a multicenter cross-sectional study based on the research project titled 

“Social network and sexual risk for HIV/STIs among mid-age female sex workers” 

supported by NIH grant R01 HD068305-01. This study was carried out in 2014 in Hefei, 

Nanning, and Qingdao. The three cities were selected based on its level of HIV epidemic. 

According to China Health Statistical Yearbook in 2019, the HIV incidence in Guangxi 

(Nanning) is 12.23 per 100,000, Anhui (Hefei) is 2.06 per 100,000 and Shandong 

(Qingdao) is 0.96 per 100,000 (106). Respondent-Driven Sampling (RDS) was used to 

recruit FSWs in this study.  

Eligibility criteria 

The inclusion criteria were participants who (1) were female and lived in either of 

the three cities for at least three months; (2) were at least 35 years old; and (3) had 

exchanged sex for money at least once a week in the past month prior to interview.  
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Sampling Method 

 Respondent-driven sampling (RDS) is a sampling framework similar to snowball 

sampling and chain-referral sampling (107,108). It samples study participants based on 

their social networks. The sampling procedure is described as follows: for each selected 

city, we worked with the local health departments to identify four or five female sex 

workers who worked at different durations as sex workers, used different solicitation 

methods (street worker or venue worker), and met the inclusion criteria. These female sex 

workers served as the “seeds” for later recruitments. A coupon system was used to track 

the recruitment process. Each seed was given out three coupons with a unique serial 

number that allowed them to recruit three different FSWs who met the inclusion criteria. 

Each seed received 18 yuan (3 US dollars equivalent) as incentive if they successfully 

recruited an FSW participant (9 USD maximum). Then the researchers repeated this 

process by distributing three new coupons to the enrolled participants to recruit other 

qualified participants until the required sample size (400 per city) had been reached. 

Eventually, there were eight recruitment waves for Qingdao, nine for Hefei and eleven 

for Nanning. 407-420 participants were recruited at each city and the total sample size 

was 1245. 

Respondent driven sampling is designed to recruit population that cannot be 

easily recruited through probability sampling. This sampling method has been widely 

used to recruit marginalized populations such as FSWs, MSMs and IDUs (74,109,110). 

The respondent-sampling method operates under the assumption of the “small-world” 

phenomenon, that any pair of randomly selected individuals are linked by relatively few 

intermediaries (111). In other words, if the enrolled FSWs randomly give out recruitment 
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coupons to their friends, with a few recruitment waves, we should observe a relatively 

representative study sample, similar to what we would observe in a random sample (110). 

Since individual’s probability to be included in the study depends on their recruiters and 

the recruiter’s network size, this sample may overrepresent FSWs who have larger social 

networks. RDS sampling weight adjusted is recommended to reduce this bias (110).  

Ethics Consideration 

 The study protocol was approved by the Institutional Review Board (IRB) of the 

University of Maryland, Shandong University School of Public Health and local 

regulatory agencies including Guangxi Center of Disease Control and Prevention, and 

Hefei Center of Disease Control and Prevention. Written informed consent was obtained 

for all the participants. The research datasets were deidentified for data analysis and 

manuscript preparation. 

Data collection procedures 

Each eligible participant received interviews by trained interviewers using 

computer-assisted personal interviewing (CAPI) in a private room near the proximity to 

participants (less than 1 h-travel time). The identities of the study participants were 

protected, and no information collected in CAPI could be used to identify study 

participants. For taking part in this research study, FSWs were paid for their time and 

inconvenience in the amount of up to $18.5 ($9.5 for receiving an interview and $9 for 

introducing 3 friends to participate in this study). 

Egocentric Network Data Collection 

 This study collected the egocentric support network of FSW participants. The 

details of the egocentric network data were presented in Chapter 4-5. Egocentric 



 28 

networks consisted of a focal person, the FSWs (egos) and FSWs’ social relationships 

(alters). In this study, FSWs were asked to list their social contacts who can provide 

social support to them. Questions regarding each ego’ s alters were answered by egos. No 

“alter” was interviewed in this study.  

 Chinese Social Network Questionnaire (CSNQ) were used as the social network 

inventory (86,112). Each ego was asked to provide a list of alters who could provide 

social support to them based on the following criteria:  

1) lend the ego 200 Chinese dollars ($30 US);  

2) take care of the ego, if the ego were confined to bed for 2-3 weeks;  

3) help or advise the ego if the ego had problems regarding family or health issues;  

4) agree with or support the ego’s ideas or actions;  

5) make the ego feel respected or admired; and  

6) convince the ego to confide in the alter. 

Alters’ first names or pseudonyms were recorded if they met any of the above 

criteria. Each ego could name up to 30 alters in this study. The observed network size 

(number of alters each ego named) was 0-21. 

Social Support: The above six-item measure for social support covers tangible support 

(items 1–3) and emotional support (items 4–6). After recording alters’ names, researchers 

would repeat the above questions with a four-point Likert scale: (0) definitely will not 

provide, (1) probably will not provide, (2) probably will provide, (3) definitely will 

provide. The level of social support perceived by each ego was the sum score of each 

social support item. The range of social support from each alter was 0 to 18. The 

observed total support each ego perceived ranged 2-210. The observed range of tangible 
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support (sum score of item 1-3) each ego perceived ranged 0-109, and the observed range 

of emotional support (sum score of item 4-6) each ego perceived ranged 0-104. 

Average alter trust: Egos were asked to rate the level of trustiness by answering ““How 

much do you trust this person?”. The answer was on a 5-point Likert scale: (0) Do not 

trust at all; (1) Do not trust; (2) Do not care; (3) Trust; (4) Very trust. The average alter 

trust was the average rating of all the alters in ego’s network.  

Average alter closeness: Egos were asked to rate the level of closeness to each alter by 

answering “How close are you with this person?”. The answer was on a 3-point Likert 

scale: (0) Not close; (1) Average; (2) Close. The average alter closeness was the average 

rating of all the alters in ego’s network.  

Egocentric Network Measurements: The researchers collected each alter’s gender, ego-

alter relationship (husbands, boyfriends (without commercial sexual exchange), 

boyfriends (with commercial sexual exchange), FSW friends, non-FSW friends, 

gatekeepers (managers, senior FSWs, or pimps), regular clients, family members, distant 

relatives, neighbors or others), age, education status, and marital status. FSWs also 

identified the relational matrix among the alters by indicating whether two alters knew 

each other or not. Unfortunately, the level of closeness and the nature of alter-alter 

relationships were not collected in this data. 

Important Variables: 

Collectivism: A fifteen-item scale Individualism–Collectivism Interpersonal Assessment 

Inventory (ICIAI) was used to assess the tendencies of individualism and collectivism 

(92). ICIAI provides a measure of the tendency toward individualism or collectivism and 

the perception of individualism and collectivism values with interpersonal orientation in 
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the friendship relationship. A five-point Likert-scale was used to indicate the level of 

importance (0 not at all important; 1 somehow important; 2 important; 3 very important; 

4 extremely important). The observed range of collectivism was 0-60. 

In order to maintain a good friendship with your friends, which of the following items is 

most important to keep a good relationship? 

Table 2-1: 15-Item Scale used to Assess Collectivism towards Friends (113) 

1. Maintain self-control toward them 

2. Share credit for their accomplishments. 

3. Share blame for their failures. 

4. Respect and honor their traditions and customs. 

5. Be loyal to them 

6. Sacrifice your possessions for them 

7. Respect them 

8. Maintain harmonious relationships with them.  

9. Nurture or help them. 

10. Maintain harmonious relationships with them. _ 

11. Maintain a stable environment (e.g., maintain the status quo) with them. 

12. Cooperate with them. 

13. Communicate verbally with them. 

14. "Save face" for them. 

15. Follow norms established by them. 

  

Occupational Stigma: Occupational stigma was measured based on an eight-item 

measurement scale. It was constructed to assess mid-age FSWs’ perceptions of 

stigmatizing attitudes and/or discrimination towards sex workers. Participant responses 

were ranked on a four-point scale: (0) “strongly disagree”, (1) “disagree”, (2) “agree”, (3) 

“strongly agree.” Scores were summed with a range of 0–24. The observed range of 

occupational stigma was 6 to 24. This variable was mostly centered at mean. 68% of the 

participants rated their occupational stigma between 14-17 and 42% of the participants 

scored at 16. This measurement was validated in our previous publication. The 
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Cronbach’s alpha was 0.86 (114,115). The questions used to ask occupational stigma 

were: 

Do you agree with the following statements about mid-age female sex workers(miss)?  

Table 2-2: 8-item Scale to Assess FSWs' Occupational Stigma 

1.My none-FSW friends would stop being friends with me if they knew my job. 

2. People around me (colleagues or neighbors) would rebel me if they knew my job. 

3. My none-FSW friends would look down to me if they knew my job. 

4. People around me (colleagues or neighbors) would look down my family me if they knew 

my job. 

5. My family would “lose face” if they knew my job. 

6. My family’s reputation would be compromised if they knew my job. 

7. My husband or boyfriend would leave me if he knew my job. 

8. My children would be ashamed of me if they knew my job. 

 

HIV Testing Variables: HIV testing history were asked retrospectively. FSWs’ testing 

history and their nonpaying partners’ testing history (husbands and nonpaying 

boyfriends) were both included in the analysis. The questions used to measure the HIV 

testing behaviors were listed in. 

 

Other Demographic Variables 

Age: FSWs’ birth dates were collected in the questionnaire. FSWs’ age were calculated 

by subtracting birth dates from interview dates. 

Urban-Rural Residency: China has a distinct household registration system that regulates 

citizens’ residence status. Populations are divided into two residence systems, urban 

residency, and rural residency. Social security and health insurance benefits are different 

based on their residency status. Therefore, residency status may have a significant impact 

Table 2-3: HIV Testing Related Questions 
Subject HIV testing related Behaviors Variables 
Female Sex Worker  Have you ever been tested with HIV? 
Husband  “Has your husband ever been tested with HIV?” 
Boyfriends “Has your boyfriend (no commercial sex exchange) ever been tested with HIV? 
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on FSWs’ utilization of the local healthcare system. This variable was collected by asking 

whether the participant’s residence registration was in the local city center (urban 

residency) or not. 

Marital Status: FSWs’ marital status was categorized as “never married/single”, 

“married”, or “divorced/widowed”. The “divorced/widowed” category was specific to 

mid-age female sex workers since many of them started to engage in sex work because of 

divorce or widowhood.  

Duration of Sex Work: FSWs were asked to estimate the length of their sex work. In 

general, an older FSW was more likely to have a longer history of sex work. But the 

variance inflation factor (VIF) analysis did not suggest strong collinearity between these 

two variables. Therefore, age and duration of sex work were both retained in the final 

models.  

Education: FSWs’ education status was categorized as “illiterate/no education”, “primary 

school”, “middle school”, “high school/vocational school”, and “associate degree or 

above”. China has a 9-year compulsory education. Middle school is an important 

threshold for receiving an adequate education. Therefore, we further combined the 

categories and created a three-level education status, “primary or less,” “middle school,” 

and “high school and above.”  

Assessment of potential Bias 

Selection Bias Selection bias is a bias of epidemiological design that occurred at the 

stage of recruitment. Selection bias will impact the internal and external validity of the 

study. In the case of our study, since this is not a random sample, participants’ probability 

to be included in this study depends on their extended social networks. Individual RDS 
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weights are included in the data analysis to reduce the influence of different inclusion 

probability based on the size of FSWs’ social networks. In addition, the FSWs who 

participate in this study are likely to be similar to each other. The data is not 

independently identical distributed (i.i.d.), which violates the basic statistical assumption. 

Therefore, in order to account for the selection bias, clustered standard errors are 

calculated based on each recruitment seeds.  

Information Bias: For paper 3, the most important source of bias is information bias. 

The outcome variable, FSWs’ HIV testing history, were collected based on self-report. 

Since FSW is a highly stigmatized population, FSWs are especially prone to social 

desirability bias. Previous studies have shown that FSWs would overreport their condom 

use and underreport their risky sexual behaviors in research studies (103,104). To reduce 

the potential reporting bias, we used a novel approach to validate our findings. Since the 

overreport of both condoms uses and HIV testing history are rooted in the same social 

desirability bias, FSWs who overreport their condom uses are presumably more likely to 

overreport their HIV testing history. Unlike HIV testing history, which cannot be verified 

objectively, recent condom use can be validated using a biomarker, prostate-specific 

antigen (PSA). PSA is not naturally produced by female bodies, and positive PSA results 

in vaginal swabs could signal recent unprotected sex. The study procedure was: FSWs 

who reported having sex within 24 hours of the questionnaire administered, received a 

PSA test. A positive PSA test suggested unprotected sex within 24 hours. The PSA 

results were compared with the self-reported recent sexual activities to identify the FSWs 

who honestly report their condom usage. The details and rationale of this research were 

reported previously (103). Among the 742 FSWs who reported having sex within 24 
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hours, 445 reported using condoms in their sex acts consistently, and 167 (37%) of them 

(445) had positive PSA tests. Only 575 (63%) of the FSWs correctly reported their recent 

condoms use. As we expected, among the 575 FSWs who correctly reported their 

condom use, 64.52% (371) reported having tested for HIV, compared to 70.06% (117) 

for FSWs who overreported their condom use status. This result indicated the existence 

of potential bias in FSWs’ self-report HIV testing status. After eliminating the HIV 

positive individuals, a total of 562 FSWs were classified as a subsample of “honest” 

FSWs. A sensitivity analysis was conducted among the subsample.  

Confounding bias referred to a noncausal association between a given dependent 

variable and an outcome resulting from the influence of extraneous variables. The 

confounding variable must be associated with both exposure and outcome variables and 

must not lie on the causal pathways between the two variables. For both paper 2 and 

paper 3, since FSWs’ age, marital status, duration of sex work, education status, rural-

urban residency and study sites were potentially associated FSWs’ social network 

characteristics, HIV risk behaviors and collectivistic tendency, these factors were 

potential confounding factors for both studies. The identification of these factors was 

based on previous studies (46,71,116). The rationale of including these potential 

confounding variables was described in the measurement section as well. In addition to 

the above-mentioned variables, self-perceived control over condom use with clients, and 

partner’s testing history were identified as potential confounders for Chapter 2 as well 

(70). 
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Chapter 3:  The Application of Social Network Method for Female 
Sex workers in HIV/AIDS Research: A literature review of 
methodology. 
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Abstract 

Background: Social network methods have been increasingly applied in HIV/AIDS 

research among female sex workers (FSWs). However, little research has assessed its 

methodologic weaknesses. The goal of this systematic review is to describe the current 

application of social network methods on HIV/AIDS studies among FSWs, identify the 

potential challenges and gaps in the literature. 

Method: A systematic review was performed in publications that reported the application 

of social network analysis among FSWs. Eligible studies included studies with a network 

inventory in the data collection process. 

Results: 12 eligible studies were identified and included in the final review. The 

synthesized evidence found that the sample collected for both sociocentric and egocentric 

network studies were localized. The analytic plan for sociocentric studies was limited to 

descriptive and bivariate comparisons. The discrepancies in network definitions and data 

collection increase the difficulties in collectively interpreting study results. Most of the 

analytic plan for egocentric studies were limited to behaviors on the individual level 

rather than the behaviors specific to their social ties. 

Conclusions: The findings of this review enhance our understanding of interpreting the 

results of social network metrics in HIV studies among FSWs. We also make some 

recommendations for best practices in presenting findings from social network studies.  
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3.1 Introduction 
 

As one of the most vulnerable populations for HIV infection, female sex workers 

(FSWs) carry a disproportionally high global HIV burden. As of 2018, 54% of the new 

HIV infections occurred among key populations like FSWs (117). In low-and middle-

income countries, female sex workers are 13.5 times more likely to live with HIV/AIDS 

compared to the general female population (118). FSWs’ clients are reported to have 

more relaxed attitudes toward unsafe sex and have a higher frequency of premarital or 

extramarital sex compared to the general populations. They are considered as the “bridge 

population” in the HIV epidemic for linking HIV infections from the high-risk population 

(FSWs) to the general female population (119). In China alone, commercial sex accounts 

for over half of the new HIV infections in the general population (23). 

Commercial sex workers are at high risk for HIV infection and transmission for 

complicated reasons. Besides the fact that FSWs are more likely to engage in HIV high-

risk behaviors (30,120,121), social networks play an important role in increasing female 

sex workers' vulnerability. As a socially marginalized population, female sex workers 

have limited choices in selecting their sexual partners and scarce resources that they can 

use to adopt preventive behaviors. Their primary sexual partners are individuals with 

multiple sex partners, intravenous drug users, or migrant workers, who are at heightened 

risk for HIV infections (122). This assortative social mixing pattern within these high 

HIV prevalence populations contribute significantly to their risk of HIV infection (123). 

In addition to the pattern of social mixing, social influence also shapes the FSWs' risk-

taking behaviors. Peer support for condom use is significantly associated with consistent 

condom use in FSWs (121,124). A higher level of perceived social support, participation 
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of social groups, and social cohesion are positively correlated with the adoption of HIV 

preventive behaviors (19,35,83). A social network is crucial in delivering effective 

behavioral interventions for FSWs. 

Although there are increasing number of social networks studies in investigating 

HIV transmission risk and preventive behaviors, few researches have applied social 

network methods. Social network requires network actor (node), the discrete individual 

or institution, and relational ties (edge/tie), and the linkage between a pair of network 

actors. As defined by Wasserman and Faust, “a social network consists a finite set or sets 

of actors and the relation or relations defined on them” (125). Social network studies 

provide useful information at three levels: the characteristics or behaviors of the nodes, 

the relational characteristic between any two nodes, and the relative structural position of 

the network actors. The analytic plan should take the inter-dependence at the three levels 

into consideration. Therefore, both sophisticated data collection methods and analytic 

techniques need to be used in a social network study. 

 There are two main types of social network studies, the whole network, and 

egocentric networks. The visualization of the two types of networks is demonstrated in 

Figure 3-1 and Figure 3-2. 
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Whole networks or sociocentric networks referred to social networks that contain 

all the network actors and relations within a predefined periphery. Sociocentric networks 

could provide the whole picture of a social environment and demonstrate how disease can 

be spread along with the network (125). The multitudes of the relational information in 

this type of study make sociocentric network data very difficult to collect. Thus, most 

sociocentric network studies are conducted within a small circle with a distinctive 

boundary, such as a classroom, workplace, or small islands (126,127). In sampling for 

men who have sex with men (MSM) or intravenous drug users (IDUs), all the network 

members are coming from the same population. However, sampling a complete sexual 

network for FSWs requires interviews with FSWs, their sexual partners, their clients, and 

the clients’ sexual partners. This type of research design would put study participants at 

risk of disclosing their identity and sexual behaviors to other people, making it almost 

impossible to get consent from participants, especially FSWs’ clients. Even if the 

complete sexual network could be collected, the network nodes and edges are 

intercorrelated. This would violate the independently identically distributed random 

variable assumption for most traditional statistical models. Therefore, unique analytical 

methods are essential to fully utilize the data from sociocentric network studies.  

Figure 3-1: A Demonstration of a Sociocentric Network 

 

Figure 3-2: A Demonstration of 3 Egocentric Networks 
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  To overcome the difficulties in collecting data in the whole network, an 

increasing number of studies started to focus on the partial network of an individual, 

known as the egocentric networks. An egocentric social network is a subset of a 

sociocentric network that only consists of a focal network actor (ego), ego’s social 

contacts (alters), and the social relationships among these network actors (edge/tie) (125). 

Compared to sociocentric social networks, the data of egocentric network studies is only 

collected through the focal network actor. In Figure 3-2, FSWs are the egos and the 

clients are the alters. In empirical data collection, the behavioral and demographic 

characters of alters are usually solely described by the ego (128). This method could 

significantly reduce the difficulties in collecting the whole networks while still retaining 

insights on the ego's immediate social environment. Unlike sociocentric networks, 

egocentric networks can be collected at a population level, increasing the external 

validity of the study. However, the information collected from these egocentrically 

collected network can be problematic. Most of the structural equivalence properties 

cannot be estimated. Since social relationships are derived from the ego's perspective and 

the relational information of alters are not observed, the relational information collected 

among the alters cannot represent the underlying social networks of the network actors.  

Although social network studies could provide us with unique insights about the 

social dynamics in preventing the HIV/AIDS epidemic, this is still a relatively new 

approach. Some systematic reviews have assessed social networks and HIV outcomes. 

Both Shushtari et al. and Qiao et al. found that social support was positively associated 

with consistent condom use for female sex workers (16,19). Amirkhanian found that age 

mixing, seeking older sexual partners, and entering sexual networks increased MSM’s 
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susceptibility to HIV infection (15). However, to my knowledge no prior systematic 

review has focused on the application of social network methods among female sex 

workers. Therefore, a systematic review is needed to summarize the current application 

of social network methods among FSWs in HIV/AIDS research and to critique the 

current network research approaches used in the collection of social network data and the 

analysis of network data. 
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3.2 Method 
Searching Strategy 

This systematic review was conducted in March 2020 using electronic search in 

major health science databases: PubMed, Web of Science, ScienceDirect, EBSCO 

(Medline), and ProQuest. Key journals such as Social Networks were also searched. The 

research period was not restricted, but all retrieved studies were conducted after 1990. 

References of related articles were manually screened for inclusions. The keywords used 

for the search were listed in Table 3-1. The Medical Subject Headings (MeSH) terms 

were used to define HIV-related studies. Within each database search, articles were 

initially filtered by language, human subjects and the age of the participants (>13 years 

old). All the retrieved citations were downloaded and imported to Mendeley Desktop 

(Version 1.19.4) for management. The Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) guidelines and the recommended flow chart were 

followed in conducting the systematic analysis (129). 

Eligibility criteria 

The eligibility criteria for articles include (1) studies with the sample population 

primarily comprised of female sex workers; (2) studies with at least one HIV-related 

outcomes or exposure, including HIV infection, risk behaviors, transmission risks or 

transmission mechanism; (3) studies using a network inventory or name generator to 

collect data at the social network level so that social network members can be uniquely 

identified in the data collection process; and (4) studies using network-specific analytic 

techniques to analyze social network data. Only English publications were included in the 

review. 

Data extraction 
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 The titles and abstracts were reviewed for to identify eligible studies. Articles 

were included for full-text review if titles and abstracts mentioned social network-related 

terms, such as “social networks,” “social cohesion,” “social support,” and “social 

influence”, and a primary study population of female sex workers. For full-text review, 

the method section was evaluated for network name generator or inventory. “A name 

generator is a survey item that asks respondents to name certain number of other actors 

with whom they share a particular type of social relation”(130). If studies did not indicate 

a specific network actor, they were excluded at the full text review. For example, 

Lippman and Kerrigan’s social cohesion scale measured FSWs’ social environment; 

however, this scale asked, “You can count on your sex worker colleagues if you need to 

borrow money,” or “You can trust the majority of other sex workers working in your 

area,” without indicating any specific network actor (101). 

Analysis of literature:  

 After identifying the eligible studies, we assessed the sampling methods, network 

inventory used in data collection, defined network relations, and classified them into 

either sociocentric or egocentric networks. The research studies were organized in 

chronological order. For both sociocentric and egocentric network studies, we further 

identified the research questions, what kind of questions were answered with sociocentric 

network studies, sample size, network structural measurements, statistical methods, and 

main findings. We also summarized the network structural measurements used in these 

studies and compared the structural measurements results for egocentric networks. 
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3.3 Results  

As presented in Figure 3-1, the flow chart of article selection recommended by the 

PRISMA, a total of 6891 articles were identified for review through keyword search and 

manual reference checks. During the initial screening of article titles and abstracts, 541 

duplicated articles were identified, and 6013 articles were excluded from the following 

systematic review. These articles were excluded because they were not related to social 

networks, HIV/AIDS, or FSWs, in their titles and abstracts. Qualitative studies (except 

for mixed-method research), such as ethnography, were excluded in the screening too. 

After full-text review of 337 articles, 13 articles met the inclusion criteria and were 

included for the final review. Among the 13 articles, 1 article was excluded because the 

original article did not provide sufficient information with regard to data collection and 

network definition (131). The remaining 12 articles came from 8 unique research studies. 

Two studies were conducted in North America (132–136), four studies were conducted in 

China (77,115,137–139), one study was from Mexico (87), and one study was from 

Nepal (140).  

Among the included studies, six articles from four original studies were whole 

social networks (133–136,138,139). Six articles from four original studies were 

egocentric social network studies (77,87,115,132,137,140). Felsher et al. took a 

subsample of a whole network study and performed analyses based on the egocentric 

network. Therefore, it was classified as an egocentric network study (132). 

Sociocentric Network Studies 

Among the identified studies, the Colorado Springs study collected multiple social 

relations among participants, including sexual relationships, needle sharing and general 
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social contact relations (133,134,136). Remple et al. and Liu et al. collected sexual 

networks (135,138) and Dong et al. collected a general social acquaintance network 

(138).  

Data collection in Sociocentric Network Studies 

 In all studies collecting sexual network data, the “whole” sexual networks of 

FSWs were egocentrically constructed. These sexual networks included FSWs, their 

clients, and their sexual partners. Researchers only interviewed sex workers (or the HIV 

high-risk populations) and asked them to identify the names and the basic demographic 

variables (such as age, ethnicity, physical appearance, etc.) of their clients and sexual 

partners. If two FSWs nominated clients with the same name, age and similar physical 

appearance, researchers would consider these clients to be the same person. 

(133,135,138,139). No clients or the sexual partners’ of FSWs (or the HIV high risk 

persons) were interviewed in these studies.  

Dong et al. collected the general social contact (acquaintance) networks among 

FSWs by conducting one-on-one interview with each FSWs. 93 FSWs from 10 different 

workplaces were included in this study. Although the detailed network data collection 

protocol and the total number of FSWs in the 10 workplaces were not reported in the 

original study, this general social contact network was the most complete sociocentric 

network among all the studies (138). 

The network boundaries were restrained to small towns such as Colorado Springs 

(132–134,136) or sex work establishments (135,138,139). Among all the studies, the 

Colorado Springs cohort had the largest sample size. A total of 111 FSWs were recruited 

in the initial study year (<50% of the total identified eligible participants), and 595 
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participants were enrolled in their final study year (133). All other sociocentric network 

studies had less than 100 participants in their studies and did not report their sampling 

fractions (what percentage of eligible participants were included in the study based on the 

total eligible participants in the defined boundary). For whole network studies, sampling 

fractions could indicate the internal validity of the statistical results. 

HIV Related Measurements in Sociocentric Network Studies 

As depicted in Table 3-2, the majority of the sociocentric network studies 

investigated the risk of HIV transmission within the sexual network and the engagement 

in HIV related risk behaviors. Perceptions of HIV infection risks were self-reported 

(135). HIV infection status was determined by serologic test (136). HIV risk behaviors 

were measured by self-reported risk behaviors such as needle-sharing (133,134,136), 

consistent condom use, unprotected sex (133,134,136), and knowledge, attitudes and 

practice toward HIV transmission control (138). In the longitudinal study, researchers 

found that HIV risk behaviors decreased over time and HIV transmission failed to spread 

through the risk-sharing network. During the four-year follow-up, only one HIV acute 

transmission occurred in this cohort (133,134,136).  

Network Structural Measurements in Sociocentric Network Studies 

 Six out of seven articles used network structural measurements in their data 

analysis (132–136,139). The structural measurements were summarized in Table 3-5. 

There were three main topics of social network structures that are important for HIV 

studies in modeling sexual networks: First, it is important to consider the size of the 

network or degree centrality: the number of sexual ties an individual has (133–136). This 

measurement was used to estimate an individual’s risk of acquiring the infection through 
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their sex partners in their networks. Individuals who shared risk behaviors with multiple 

partners were more likely to be infected. Second, identifying the cohesive subgroups in a 

larger network, including connected component, n-cliques, k-plexes, network density, 

reachability index (Table 3-5). In Colorado Springs studies, about half of the study 

participants were connected to a single network component (133,134,136). Remple et al. 

found all participants were linked together and form a large connected component (135). 

Because these study participants were linked through HIV risk behaviors, connected 

components were used to assess the potential of disease transmission through social 

interactions. They were also used to assess the level of social aggregation or “social foci,” 

which potentially facilitate disease transmissions within or across their networks. 

Although a large number of the participants could be linked through risk-sharing 

networks, Rothenberg et al. only observed one acute HIV transmission throughout the 

four-year follow-up period (136). Third, research considered the potential network bridge 

that connected two cohesive subgroups. To consider some examples, Remple et al. used 

cut-vertex (135) and Liu et al. used betweenness centrality (139), to measure the 

“bridging” potential of certain network members to spread the disease from one cohesive 

subgroup to another. Both studies found that certain “regular clients” would visit multiple 

sex work venues and bridged the smaller networks.  

 Statistical Methods in Sociocentric Network Studies 

 The majority of the statistical analysis was limited to descriptive and bivariate 

comparisons (133–136,139). There was no consensus on which statistical tests for 

bivariate analysis. Rothenberg et al. and Remple et al. used nonparametric tests such as 

Pearson’s rank correlation test and Mann-Whitney U test to compare structural 
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measurements to account for the non-normal distribution of these measurements 

(135,136).  Liu et al. used parametric tests (139).  

Dong et al. used a different approach in assessing social influences among FSWs. 

Z scores to assign FSWs’ positions in HIV knowledge, attitudes, and practice domains. 

They calculated the conditional probability of FSWs’ position in each domain based on 

their performance on other domains. For example, if an FSW had a higher score in HIV 

related knowledge, she would have a higher score in HIV related attitudes and practice. 

Dong et al. also measured the social influence of FSWs’ social contacts by calculating the 

probability of an FSWs’ position in two domains as a function of the position of the 

FSWs’ social contacts in the one domain (138). For example, they claimed that for an 

FSW who had lower scores in HIV related practice, if she had more social contacts who 

had low scores in HIV practice, she would be more likely to have lower scores in HIV 

related knowledge and attitudes as well. However, these conditional probabilities cannot 

demonstrate the temporality in social influences. Therefore, such claim cannot be 

supported by their data. In addition, although the sociocentric network was constructed, 

the structures of the whole network were not included in the study (138).  

Egocentric network studies 

Data collection in Egocentric network studies 

Four unique egocentric social network studies were identified in the literature 

research (77,87,115,137,140). Compared to sociocentric social networks, the sample 

sizes of egocentric network studies were relatively larger. The sample sizes of the two 

studies were over 600 (77,140). However, most of the participants in these egocentric 

network studies were recruited similarly as sociocentric network studies. Three out of 
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four studies used social network-based recruitment strategy, respondent-driven sampling, 

and snowball sampling as their recruitment approach (87,103,115,137). One of them used 

venue-based sampling for recruitment (140). These were the same strategies that 

sociocentric studies used to recruit their participants. The study participants were still 

mostly from the same area, belonged to the same social networks, and worked at the 

same venues. The improvements in sample diversity among egocentric studies relative to 

sociocentric studies were lower than expected. This indicated that the limitations in 

recruiting study participants were not because of the sociocentric networks but probably 

because of the difficulties in recruiting a marginalized population like FSWs. 

HIV Related Measurements in Egocentric network studies 

Egocentric network studies primarily focus on the potential effect of social 

influence on HIV behaviors (Table 3-4). Five out of six egocentric network studies 

focused on social support networks (77,87,115,137,140). Four out of the six studies 

assessed the correlation between FSWs’ social network characteristics and HIV risk 

behaviors, including involvement of multiple risky behaviors (132), drug use (137), and 

condom use with clients (77,140), as primary outcome measurements. Wagner et al. and 

Guida et al. assessed the correlation between social stigma (drug use and sex work) with 

FSWs’ social network information. Both studies found social stigma was negatively 

correlated with the size of the ego’s social networks and the social support from their 

family members (87,115).   

Network Structural Measurements in Egocentric network studies 

As depicted in Table 3-6, egocentric network studies had different limits the size 

or number of alters an ego listed. Yu et al. and Deuba et al. allowed the egos to name up 
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to 15 and 9 alters, respectively (137,140). Studies without this restriction found that some 

FSWs reported more than 20 social contacts within their network (87,115). The upper 

limit of the network members could significantly alter network structural measurements. 

For example, an ego has nine interconnected social contacts and one independent social 

contact. The network density of the ego will decrease by 22% if the one independent 

social contact is included. These measurements should be interpreted with greater caution 

when we compared social network measurements in these fixed-choice studies. 

As shown in Table 3-4, only one out of the six studies treated the egocentric 

network as a weighted network (137). In the real world, even with the same type of social 

ties, different relations often have different levels of strength or intensity. Yu et al. asked 

the ego to evaluate the tie strength among all pairs of alters as the network weights. The 

average network density from the weighted network was 0.04 (SD=0.19) (137), far away 

from the average network densities in the other studies without considering network 

weights, which were around 0.5-0.6 (87,115).  

Another network structural measurement in egocentric network studies is network 

homophily. Network homophily measures the similarities between the ego and the ego’s 

alters. Liu (2016) assessed age homophily by categorized ego-alter age difference as 

whether alter is older than ego, ego is older than alter, and ego-alter at the same age 

(reference) (77). Felsher et al. (2018) measured network homophily by calculating the 

proportion of each ego’s network contacts who were of the same gender, ethnicity, and 

reported the same HIV risk behavior as the ego. Egos were further categorized as low 

homophilous (0% of the alters were from the same background), moderately 

homophilous (1%-19%), and highly homophilous (>20%) (132).  Similar to previous 
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studies, racial and gender homophily was positively associated with the involvement of 

multiplex HIV risk behaviors and drug use (132,137). However, age and education 

homophily was not associated with  use between FSWs and their sex partners (77).  

Betweenness centrality and closeness centrality were measured in Yu et al.’s 

study. Betweenness centrality measured the “bridging potential” of the network ego, 

which was quantified by the degree to which the network alters were disconnected from 

each other (137). In general, higher betweenness centrality indicates that an ego has 

higher control over the information exchange between the network members. High 

betweenness centrality is also more likely to be observed among unstable and 

acquaintance networks (13). They found that drug using FSWs were more likely to have 

higher betweenness centrality, indicating that they are more likely to accept transient and 

short-term relationships than long-term relationships. Closeness centrality measured the 

number of the shortest path between a pair of network actors. In the case of egocentric 

networks, ego’s closeness centrality is not very meaningful because the ego is connected 

to all the other alters by study design (88). 

Statistical Methods in Egocentric Network Studies 

 Compared to sociocentric network studies, the analysis plans for egocentric 

studies are more complicated. Five out of six studies conducted regression analyses at the 

ego level (87,115,132,137,140). The primary outcome variables were the ego’s risk 

behaviors. Social network characteristics, such as social support, and network structures, 

were added to describe the ego’s social environment and to predict the ego’s HIV risk 

behaviors. One study used the ego-alters’ condom use status as the primary outcome 

variable. Multilevel logistic regression was used to account for the interdependence 
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between the alters. By doing this, the unit of observation was shifted from individual 

behaviors to ego-alter tie, which was the unit of observation unique to social network 

studies (77).  
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3.4 Discussion 

In this systematic review, we identified both sociocentric and egocentric network 

studies to investigate HIV transmissions, and risk behaviors among FSWs. Most 

sociocentric social networks were constructed from egocentric interviews and the 

egocentric networks also failed to collect more diversified study samples. The statistical 

methods used in sociocentric networks were mostly descriptive and bivariate, and 

regressions were more likely used in egocentric studies. Researchers used sociocentric 

network studies to identify high-risk populations and transmission dynamics. Egocentric 

networks were used to study the risk behaviors of FSWs. 

Sociocentric Network Studies 

In most of the sociocentric networks, researchers identified large HIV risk-sharing 

networks (connected components). Sexual networks were also unstable and became less 

cohesive over time, which may create opportunities for the transmissions of HIV/STI to 

the general population (133–136,139). Male clients regularly jumped between FSWs’ 

establishments (i.e., brothels) and created a potential bridge to spread the disease among 

FSWs (135,139). However, in both longitudinal and cross-sectional studies, HIV 

infections were not common even though there were known HIV positive individuals 

within the network (135,136). The spread of HIV within these sexual networks was 

limited, and no large transmission network was identified. One possible explanation is 

that safe sex practice has successfully halted the inward transmission within the network 

and HIV positive individuals were marginalized after the positive diagnosis. However, it 

is more likely that the network actors with the highest HIV risk did not participate in the 

study. Colorado Springs had more than 750 HIV positive individuals at the time of the 
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study, but only 19 of them were included in this high-risk network. The underlying HIV 

transmission dynamic was still unobserved.   

All the sociocentric network studies used descriptive or binary hypothesis tests to 

analyze their data. These inferences were made at the whole network level rather than the 

individual level. For example, the connected components could identify the existence of 

subgroup structures in a network, but it cannot link certain demographic or social 

behavioral attributes to the subgroup membership. Social network specific models, such 

as exponential random graph models (ERGM) allow researchers to answer questions 

related to the tie-level information and account for the network structures explicitly. 

However, network inferences were very sensitive to missing values (141). Despite the 

efforts to collect complete network data, these sociocentric networks were only partially 

observed. Over half of the identified FSWs did not participate in the network study, not 

to mention the missing ties of their sexual partners (133). In this review, we found that 

the majority of the studies did not report the sampling fractions of the local high-risk 

community. Since missing ties are inevitable within these observed networks, reporting 

sampling fractions and the local epidemic profile could significantly increase the 

interpretability of the results.  

Egocentric Network Studies 

Egocentric network studies found that social stigma and high-risk behaviors were 

associated with a significant decrease of the size of FSW’s social networks, especially the 

size of family and friends’ network (87,115). However, the findings about the association 

between social networks and HIV preventive behaviors were inconsistent. Stronger social 

relationships and greater network homophily with risk-sharing contacts would increase 
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HIV risk-taking behaviors such as involvement in multiple risk behaviors and 

inconsistent condom use (77,132). General social support would decrease HIV risk-

taking behaviors (140). However, FSWs with more cohesive social networks were less 

likely to use drugs (137). This discrepancy may result from different types of social 

networks, the different restrictions on the number of alters being named, and the 

inconsistency in network matrices used in the analysis. Researchers should be cautious in 

interpreting social network structural measurements when comparing the results for 

different egocentric networks.  

The majority of the studies used the ego level outcome as the primary unit of 

analysis. Information collected through individuals’ social networks were aggregated and 

treated as the individual’s social environment as a whole. Although the social network 

data was collected at an individual level, individual information was not fully used in 

these studies. Research questions based on egocentric social networks could consider 

focusing on alter-level or ego-alter level outcomes. For example, multilevel logistic 

regressions may be considered in modeling tie-level outcomes (48,77). The downside of 

using multilevel regression is that it fails to incorporate the network structural features in 

the statistical analysis as it assumes that each alter is independent at the ego level. 

However, since most of the egocentric network studies recruited participants based on 

their venues or their social networks (i.e., respondent-driven sampling), there is a high 

probability that FSWs’ sexual partners or clients may overlap and correlated. In addition, 

the design effects of the respondent-sampling scheme were not addressed in these studies. 

This could impact the validity and precision of findings as participants with larger 
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networks are more likely to be included. Future studies should be more careful in 

analyzing participants recruited from social network sampling frameworks.  

Future Directions 

This literature review identified several challenges in applying social network 

methods in FSWs research. Overall, the main challenges for social network studies 

among FSWs in HIV research were related to (1) the quality of data, due to legal and 

stigma concerns and non-random missing value patterns, and (2) the lack of appropriate 

analytical methods. There are several alternative methods to be considered.  

When actual human to human social networks are difficult to describe, there are 

several alternative networks to be considered in future research. First, instead of social 

networks, biological networks, such as phylogenetic studies could be used as the proxy to 

construct social networks with greater precision. Phylogenetic studies could identify the 

virus genetic pairs by calculating the genetic distance of HIV or STI infections. This 

information could be an interesting add-on to the social network data. Second, online 

networks could serve as an alternative to the social networks in real lives. A few MSM 

studies utilize the Facebook network to study the association between online participation 

and HIV risk (12,142). Unfortunately, these types of data are difficult to collect from 

female sex workers because of ethical and stigma issues. Some studies attempted to use 

online networks and anonymity to model the client’s behaviors and prostitution 

(143,144). However, since these data could not be linked to actual HIV risk and 

preventive behaviors, the risk for STI/HIV transmission within and across social 

networks could not be examined. Although most of the countries do not have online 

social network applications or forums explicitly for sex workers, a sizable FSWs had 
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been used dating websites and dating apps to solicit their clients. These online dating 

applications may provide a vehicle to collect social network data and data about the 

behaviors of FSWs. More importantly, online dating applications may also be a great 

place for social influence and behavioral interventions. Some MSM dating applications, 

such as Blued, had been piloted the delivery of HIV knowledge and preventive services 

through these types of dating applications (145). Studies in FSWs and heterosexual risk 

behaviors might also consider a similar approach. Third, several imputation methods and 

statistical frameworks have been proposed to remedy the missing value problems in 

social network analysis (146,147). However, because the information on FSWs' clients is 

most likely completely missing in the dataset, statistical methods could only provide 

limited help, and the results should be interpreted with greater caution. 

Conclusion 

This study provides insights on the complexity of applying social network 

methods in HIV research among FSWs. Social networks significantly influence the HIV 

transmission risk and health behaviors of FSWs, but the current social network studies 

have not been able to evaluate the influence effectively due to its limitations in the study 

designs and analytical methods. Future studies should consider combining data from 

different multitudes to supplement the unobservable information gaps in the current 

network designs in FSW research.  
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Table 3-1: Searching Strategy 

 HIV Terms Social Networks terms Sex workers 
 

 HIV social network(s) Female sex workers 
OR AIDS network(s) Commercial Sex 

workers 
OR human 

immunodeficiency virus 
social network 
model(s) 

Sex work 
 

OR acquired 
immunodeficiency 
syndrome 

social network analysis Prostitution 
 

  Egocentric FSW 
  Sociocentric CSW 
  social support  
  social capital  
  sexual network  
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Studies identified through data 
base searching (n = 6891) 
 

337 studies were included for 
full-text review 
 

12 studies were included for 
research synthesis 

541 duplicates excluded 
 
6013 excluded titles and 
abstracts which did not relate to 
HIV, social networks and sex 
workers 
 

325 studies were excluded 
because 

281 studies were not related to 
FSWs, social networks or HIV 

15 were phylogenetic studies 
28 studies did not use a name 

generator/network inventory in 
collecting social network data. 

1 study did not provide 
sufficient information to 
evaluate the application of 
network methodology  

Figure 3-1: The Flow Chart of Article Selection and Extraction 
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Table 3-2: Summary of Social Network Data Used in HIV/AIDS Research 

Study Location Study Design Recruitment Inventory 

 

Relationships 

 

Network Type 

Woodhouse 

DE et al (133).  

Colorado 

Springs, USA; 

1988-1992 

 

Longitudinal Convenient 

sampling; 

Population 

enumeration; 

Initial Network: sexual relations and 

contacts were identified through names; 

Follow Up Network: Personal Network 

identified by the initial members. 

Relational matrix between each personal 

network contacts were collected. 

 

Network contacts were matched by the 

researchers to construct the larger 

network, including the shared social 

contacts who were not interviewed. 

HIV risk network: 

sexual, drug using, 

needle sharing and 

"any" social 

contact 

Whole network; 

Constructed 

from egocentric 

interviews Klovdahl AS, 

et al (134).  

Rothenberg 

RB et al (136).  

Felsher M, et 

al (132). 

Remple et al 

(127). 

Great 

Vancouver 

Area, Canada;  

2004-2006 

 

Cross-sectional Venue Based 

sampling 

 

10 most recent sexual contacts including 

clients and noncommercial partners 

 

Sexual contact 

 

Whole network; 

Constructed 

from egocentric 

interviews 

Yu et al (137) Haikou, 

Shanghai and 

Beijing, China; 

2008-2009 

Cross-sectional Respondent-

driven sampling 

"Meaningful or relatively important" 

social contacts; strength of alter-alter tie 

 

Social contact Egocentric 

Deuba et 

al.(140) 

Terai Highway 

districts, 

Nepal, 2012 

Cross-sectional Venue Based 

sampling 

Social support questionnaire 

 

Social support Egocentric 

Guida et 

al.(115) 

Hefei, 

Nanning, 

Qingdao, 

China, 2014 

Cross-sectional Respondent-

driven sampling 

Chinese social network inventory Social Support and 

sexual contact 

within social 

support network 

Egocentric 

Liu H.(77) 

Wagner et al 

(87). 

Tijuana, 

Mexico 

2012-2018 

Cross-sectional Sub-cohort; 

Snowball 

sampling 

Egocentric individuals who provide 

various types of social support, 

including emotional, material, social 

participation, health advice, drug related, 

and relationship advice. 

Social Support Egocentric 
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Dong et al 

(138). 

Yunnan, China 

2014-2015 

Cross-sectional Stratified 

random 

sampling: using 

venue as primary 

sampling unit 

Data was derived from ethnographical 

work. 

Social contact Whole network 

based on 

interviews; 

 

Liu et al (131). Xi'an City, 

Beijing, 2016-

2017 

 

Cross-sectional Convenient 

sampling; 

Venue-based 

recruitment 

Egocentric sexual relationships from the 

past 7 days; Male partners were matched 

based on nickname, age, marital status, 

occupation and province. 

 

Sexual contact Whole network; 

Constructed 

from egocentric 

interviews 
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Table 3-3: Sociocentric Network Studies: Study descriptions and results 

Study Article Sample Size Network Structural 

measurements 

 

HIV related 

outcome/exposure 

Statistical 

method 

 

Main Findings 

1 

Klovdahl 

AS, et al 

(134).  

First year: 111 

enrolled 

participants 

(48 prostitute) 

and 1296 

relations 

reported. 

 

Network density, 

reachability index, 

component, Dyads, 

Triads, n-cluster 

HIV risk 

behaviors: needle 

sharing behavior, 

unprotected sex 

Descriptive The study participants reported an average of 11.7 close 

personal associates (median, 27), higher than the national 

average.  

Half (600/1296) of the identified relationships comprised of a 

single network connected region (component). 1 (out of the 3) 

of the HIV positive individual was in the connected region.  

Within the connected region, the network density was low 

(0.016-0.018), the reachability index was 0.39 (about 40% of 

the social contacts could be reached at some length). The 

average distance between two network actors (i.e. mean length 

of shortest paths) was only three steps (3.1). 

Woodhouse 

DE et al 

(133).  

Final year: 

595 enrolled 

(133 

prostitute) and 

5894 relations 

reported. 

Connected 

component from 

GRADAP 

HIV risk 

behaviors: needle 

sharing behavior, 

unprotected sex 

Descriptive  71% of the social network actors were connected to a single 

component. 58% of the HIV cases (11/19) were in in this single 

largest component and none of them occupy at the central 

position of the risk network. 

 

Rothenberg 

RB et 

al(136).  

595 enrolled 

participants 

Network stability, 

degree centrality, 

information 

centrality, n-cliques, 

k-plex 

HIV risk behavior 

change; The 

change of 

transmission 

social network. 

Bivariate 

Critical ratio, 

X2 for 

goodness of fit 

to assess 

changes over 

time, and the 

Pearson’s rank 

correlation 

to compare the 

stability index 

with network 

size. 

Only 1 acute HIV infection was observed during the 4-year of 

follow up. 

The network was relatively stable for needle-sharing and drug 

use network, but the change of network was significant for 

social and sexual network. 

 

Over the four follow-up years, the number of connected 

components had increased, but the size of the largest connected 

components had been diminished. The mean degree centrality 

remained constant. Results from information centrality were 

inconsistent. 

Overall, diminution in network cohesion over the years. 

2 Remple et al 

(135).  

 

49 FSWs, 

named 205 

clients 

Component, cut 

vertex, k-core, 

clique, degree 

centrality, 

betweenness 

centrality, 

eigenvector, 

HIV risk 

behaviors of 

clients of FSWs; 

self-perceived 

HIV infection risk 

Bivariate Chi-

square test, 

Fisher’s exact 

test, Mann-

Whitney U test  

The complete network was composed of a fully connected 

component. Clients who visited more than 1 commercial sex 

establishments were the “cut vertex”, the bridge to connect 

local sexual network. All reported HIV and STI infections 

occurred in high risk clients (clients who had multiple linkages 

to sex workers and establishments). 
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information 

centrality  

 Liu et al 

(139). 

 

66 FSWs and 

680 sexual 

relationships 

Degree centrality, 

betweenness 

centrality, and 

closeness centrality 

HIV risk 

behaviors, 

consistent 

condom use;  

Bivariate Chi-

square test and 

t test. 

Although most of the FSWs’ sexual networks were isolated, 

some smaller networks were connected to make a big 

component. Regular clients served as bridge to connect local 

FSW sexual networks.  

 Dong et al 

(138). 

93 FSWs N/A Knowledge, 

attitude and 

practice towards 

HIV transmission 

and control 

Z score to 

classify the 

FSWs based 

on their HIV 

knowledge, 

attitudes and 

practice. Using 

conditional 

probability to 

demonstrate 

the correlation 

between 

individual’s 

response to 

knowledge, 

attitudes and 

practice. 

The study found a strong positive correlation between 

individual’s HIV knowledge, attitudes and practice. FSWs 

contacts are more likely to positively influence FSWs’ 

knowledge and practice, but negatively influence their contacts’ 

attitude. Overall, FSWs were more likely to be negatively 

influenced by their social contacts than the positive influence 

around them. 
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Table 3-4: Egocentric Social Network Studies 

Article Sample Size Network Function Network Structural 

measurements 

 

HIV related 

outcome/exposure 

Statistical 

method 

 

Main Findings from Social Network 

Felsher M, 

et al (132). 

595 enrolled 

participants, 518 in 

model fitting 

HIV risk network Network Homophily 

Network size;  

 

Connected 

components (from 

sociocentric data) 

Outcome: 

Involvement in 

multiplex social 

ties (two out of 

three, sexual 

contacts, needle-

sharing or drug 

use)  

 

Logistic 

regression at 

ego level 

High degree centrality was related to 

engagement in multiplex risk behaviors. 

However, belonging to a larger component 

was negatively associated with multiplex risk 

involvement. 

Racial homophily increased the probability of 

engaging multiplex risk involvement. 

Yu et al 

(137). 

175 FSWs N/A (general social 

contacts) 

n-cliques, density, 

Closeness centrality 

and betweenness 

centrality 

Outcome: HIV 

risk behavior: 

drug use 

Logistic 

regression at 

ego level 

Compared to non-drug users, drug users had 

significant less percentage of male alters and 

clients alters but have higher betweenness 

centrality and closeness centrality (Drug use 

FSWs were more likely to take transient 

clients than long-term clients). 

 Deuba et al. 

(140) 

610 FSWs Social support 

number score 

(SSQN); 

Social support 

satisfaction score 

(SSQS) 

Network size 

(dichotomized into 

none and >1)  

Outcome: HIV 

risk behavior: 

unsafe sex with 

clients 

Logistic 

regression at 

ego level. 

FSWs with a higher SSQN score were less 

likely to have unprotected sex compared to 

those with a low SSQN score. FSWs who 

were dissatisfied with their social support 

were more likely to have unprotected sex 

compared with those with a satisfied social 

support. 

Wagner et al 

(87). 

38 individuals. 

19 FSWs and 19 

of their primary 

sexual partners 

Social support: 

emotional, material, 

social participation, 

health advice, drug 

related, and 

relationship advice 

Network size  

Network density 

 

Outcome: FSWs’ 

social network 

Exposure: drug 

using stigma 

 

Descriptive FSWs and their partners internalized their 

drug-related stigma which lead to smaller 

kinship network.  

Guida et al. 

(115) 

1245 FSWs who 

were 35 years old 

and above 

The Chinese Social 

Network 

Questionnaire 

(CSNQ) 

 

Network size 

Network density 

Outcome: FSW’s 

social network; 

consistent 

condom use 

Exposure: sex 

work related 

occupational 

stigma 

Linear 

regression at 

ego level 

FSWs who perceived more sex work related 

stigma were more socially isolated and 

disconnected from their workplace network, 

had less friends, had smaller network, had less 

dense network and were less likely to trust 

their network contacts. 

Liu H. (77) 1245 FSWs who 

were 35 years old 

and above 

Sexual network 

within support 

network;  

Network homophily Outcome: 

condom use with 

sexual partner 

Multilevel 

logistic 

regression at 

FSWs were less likely to use condom with 

sexual partners who provided emotional or 
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alter level and 

clustered by 

ego level 

tangible support to them. Network homophily 

was not associated with condom use. 
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Table 3-5: Summary of Network Structure Measurements 

Network Structural 
Measurements 

Network Measurements Interpretation 

degree centrality 
Network size 

the number of network actors to which an individual is 
directly connected with (136). 

Sexual network: HIV 
infection risk 
Social support/general social 
contact network: the amount 
of social support and the level 
of social engagement 

Connected Components “A component is a  subgroup of the network within 
which there is a path of some length from each person 
to every other person” (125,136) 

Potential of disease 
propagation  

n-cliques 
K-plexes (k-core) 

A n-clique is a group of size n within which each 
person is connected to every other person in the group 
(136) 
A k-plex is a group of size n 
within which each person is directly connected to at 
least n - k members of the group (136) 

Identify local cohesive 
networks. 

Network Stability “the proportion of all the named contacts who appear 
in a network at two timepoints, B/(A + C - B), where A 
represents the persons at time 1, C represents the 
persons at time 2, and B is the intersection of A and C” 
(136). 

Network Stability 

Network homophily  “to measure the proportion of a respondent’s network 
associates who are of the same gender, racial 
background, and report the same HIV risk behavior as 
the respondent” (132).  
 

To what degree members of a 
social network are like each 
other. 

Cut Vertex “An individual whose removal result in an increase in 
the number of components” (135). 

The “bridge” between two 
sub networks. They could be 
the “bridging population” or 
the “super-spreader”. 

Betweenness  “Frequency with which an individual is on the shortest 
path between all other pairs of persons in a 
component.” (135) 

Higher betweenness 
centrality indicates higher 
level of “Bridging” potential. 
A “bridge” could connect 
high risk group with lower 
risk group. A network with 
high betweenness also 
indicates less redundant 
relationships. 

Network Density “The number of observed social ties over the total 
possible ties in a network” (125). 

Network cohesion and 
sometimes could infer social 
cohesion 
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Table 3-6: Summary of Structural Measurements in Egocentric Network Studies 

Article Alter 
limitation 

Weighted Network Size Network 
Density 

Closeness Betweenne
ss 
 

Note 

Felsher 
M, et 
al(132). 

None No      

Yu et 
al(137). 

15 Yes  0.04 (0.19) * 
 

23.53(18.6
2) 

2.86 (2.48) Drug 
users: 

 0.04 (0.02) * 17.86(14.5
4) 

1.99 (2.21) Non drug 
users 
 

Deuba 
et 
al.(140) 

9 No. 60(10%) of the 
FSWs had 0 
social support 
provider. 
550(90%) of 
the FSWs had 
more than 1 
social support 
provider. 

 - -  

 Wagne
r et 
al(87). 
 

None No 5.0 (3-7) # 
Range: 3-15 

0.60 # 
(0.33-0.71) 

- - Female 

5.0 (3-7) # 
Range: 2-23 

0.67 # 
(0.43-0.80) 

- - Male 

Guida 
et 
al(115). 
Liu et 
al(77). 

30 No 3 (2-5) # 
Range: 0-18 

0.5 # 
(0.3-0.8) 

  Support 
network 
(excludin
g sexual 
relationshi
p) 

1(1-2) #  
Range: 0-6 

  Sexual 
network 
within 
support 
network 

*: Mean (Standard Deviation) 
#: Median (Interquartile Range) 
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Chapter 4:  The More the Merrier: The influence of Social Support 
Networks on HIV Testing Behaviors among Female Sex 
workers in China 
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Abstract 
Background 

 
Promoting HIV testing among mid-age female sex workers in China is one of the most 

effective intervention strategies for curbing the HIV epidemic. The objective of this study 

was to investigate how social network factors potentially determining uptake of HIV 

testing among FSWs.   

Methods  

In this multi-center egocentric network study, respondent-driving sampling was used to 

recruit mid-age FSWs (i.e., 35 years old and older) from three cities in China. Logistic 

regression was used to assess the association between HIV testing behavior and social 

network characteristics. 

Results 

Among 1245 mid-aged FSWs, 62.24% (775) reported a history of HIV testing. Those 

who with a higher education were more likely to be tested for HIV. HIV testing was 

positively associated with prevalent syphilis infections (Adjusted Odds Ratio (AOR): 

1.75; 95% CI: 1.38-2.24), HIV knowledge (AOR: 1.34; 95% CI: 1.15-1.57), partner’s 

history of HIV testing (AOR: 5.92; 95% CI: 2.96-11.81), higher network transitivity 

(AOR: 1.77; 95% CI: 1.18-2.64) and inversely associated with network trust (AOR: 0.74; 

95% CI: 0.56-0.97). 

Conclusion 

Increases in social cohesion may provide substantial support for HIV testing. Future HIV 

intervention program may be designed to form cohesive support groups to outreach 

FSWs and reinforce the adoption of HIV preventive behaviors.  
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4.1 Introduction 

HIV Testing among Chinese FSWs 

There is ample evidence that early initiation of antiretroviral therapy (ART) provides 

substantial benefits for people living with HIV, including lowering the level of viremia 

(148), increasing CD4 cell count (149), reducing AIDS-related illness (149,150), and 

decreasing the probability of virus transmission (151,152). However, the benefits of the 

treatment-as-prevention strategy depend on early diagnosis of HIV infection. Therefore, 

to maximize the benefits of this strategy, routine HIV testing among HIV key populations 

needs to be effectively implemented (151), especially among people at risk.  

In 2018, China reported 1.25 million HIV cases with approximately 8000 new 

infections every year. Among these new infections, 69.6% were infected through 

heterosexual transmission (22), and over half of the heterosexual male incident cases 

were contracted through commercial sex (23). Among commercial sex workers, mid-age 

FSWs are at elevated risk for HIV infection and sexual transmitted infections (STIs). 

According to previous studies, younger FSWs in China usually enter the commercial sex 

industry in their early 20s and retire from commercial sex industry in their mid-30s to run 

small businesses (36), such as beauty parlor or clothing store. Younger FSWs typically 

charge more money for their sex services relative to older FSW and have more control to 

negotiate condom use with their clients (36). In contrast, older FSWs who stay in the 

commercial sex industry in their mid-30s are paid less for their services and usually carry 

a higher financial burden at home. Consequently, mid-age FSWs are less likely to 

negotiate condom use with their clients, and are less likely to participate in HIV 

intervention activities including HIV testing (31,32,34,36).   
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Despite the high burden of HIV infections, Chinese FSWs have low uptake of HIV 

testing; recent estimates suggest that only 16% to 48% of the women had ever received 

HIV testing in their lifetime, with estimates varying by geographic location (153–155). A 

growing body of literature has investigated factors that facilitate and impede HIV testing 

among FSWs. A conceptual framework based on the social ecological model suggests 

that factors at multiple levels within and around an individual promote or prohibit uptake 

of HIV preventive measures, including at the macro-level structural factors (e.g., legal, 

cultural, economics, etc.), meso-level factors such as workplace environment (e.g., venue 

policies, workplace violence, etc.), and social network (e.g., clients, partners, social 

support, etc.), as well as individual level factors (e.g., behavioral, education, age, etc.) 

(69,156). As previously reported, individual factors, including older age (155,157,158), 

higher level of HIV knowledge (59,155,157), higher level of perceived HIV risk 

(157,159) and duration of sex work (59,69) are positively associated with HIV testing 

among FSWs. Meso-level environment, including social relationships (46,59), work 

place support (70), higher perceived social support, social cohesion and participation 

[61,62], may promote the uptake of HIV testing. However, limited research has 

systematically examined how the role of social support embedded in social networks are 

associated with HIV testing among FSWs, especially mid-age FSWs in China. 

The Role of Social Networks in HIV Testing 

Although the association between social networks and HIV testing among mid-age 

FSWs had yet to be well studied, a sizeable literature reports that aspects of social 

networks are significantly associated with HIV testing among men who have sex with 
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men (MSM) (55,160–162). MSMs who had higher level of social/peer support (160,161), 

disclosed their sexual identity to social network members, and who had network member 

who engaged in HIV testing history (162) were more likely to be tested for HIV. 

Researchers hypothesized that the key influences of social networks are rooted in 

information support (e.g., providing network peers with information and knowledge 

related with HIV testing), emotional support (e.g., showing empathy, compassion and 

affirmation), and tangible support(e.g., providing them necessary financial assistance, 

material goods or services) from social network members (68,160).  

Beyond network support, the shape/structures of social networks may influence 

behavioral adaptation (62). For example, people may be more likely to change or adopt a 

new behavior if their network is more interconnected and cohesive. Redundant signals 

from multiple network members could increase the likelihood of behavioral adoption 

(61). Similarly, dense networks where everyone knows each other fairly well are more 

likely to comprised of people with similar mindsets, providing strong emotional support 

through affection and affirmation. This quality is also called the “bonding” effect, which 

can deliver social support and social control efficiently (62,163). On the contrary, in a 

sparser and diversified social network, individuals are more likely to receive new 

information and more types of social support from people who are more distal from their 

own social circle, also known as “weak ties” (66,68). At the same time, the disconnection 

between the weak ties and individual’s own social circle provides him/her with a 

structural advantage to control the information flow between the two parties, known as 

the “bridging potential” (164). Empirical studies indicate that MSM with a recent 

diagnosis of HIV are more likely to put themselves in a “bridging” position in their 
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support network to cope with the possible discrimination and stigma that resulted from 

HIV infection (13). In a sample of MSM from Detroit, Veinot and colleagues found that 

the functions of social networks, including generic social support and social norms 

embedded within social support network were not correlated with HIV testing; however, 

individuals with a diverse social network were more likely to be tested for HIV (55). 

Similar to MSM populations, FSWs are highly stigmatized and often have complicated 

relationships with their social networks (43,74,115). Investigating the influence of social 

networks on HIV preventive behaviors is important for informing network-level 

intervention strategies among mid-age FSWs.  

This study fills a gap in the literature by taking the advantage of an egocentric social 

support network study design to further investigate the role of social support and social 

network structures on HIV testing among Chinese mid-age FSW. The egocentric social 

networks approach design is commonly used to study the effects of individual’s personal 

networks (165). As a special form of social networks, egocentric networks consisted of 

an index person (ego) and ego’s social contacts (alters). In this study, egos were mid-age 

FSWs and alters were FSWs’ social contacts who would provide social support to them. 

The function of social networks was derived based on the amount of support each alter 

provided to his/her ego and the structures of social networks were derived based on the 

relations among network members. Using this egocentric network design, we were able 

to systematically examine the individual and social network factors that may promote or 

impede HIV testing mid-age FSWs in China. This study answered two questions: 1) 

What factors at the individual level were associated HIV testing uptake? 2) What factors 

at the social network level are associated with uptake of HIV testing?  
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4.2 Method 
Data source 

This multicenter egocentric study was conducted in 2014. Respondent Driven 

sampling (RDS) was used to recruit eligible participant. A total of 1245 participants were 

recruited from Hefei, Nanning and Qingdao. According to China Health Statistical 

Yearbook in 2019, the HIV incidence in Guangxi (Nanning) is 12.23 per 100,000, Anhui 

(Hefei) is 2.06 per 100,000 and Shandong (Qingdao) is 0.96 per 100,000 (106). Detailed 

data collection and recruitment protocols were described in previous publications 

(77,103,104).  

Eligible participants were FSW who were at least 35 years old, had exchanged sex 

for money at least once a week in the past month and lived in Hefei, Nanning or Qingdao 

for at least 3 months prior to the interview. Demographic and behavioral variables were 

collected through structured interviews using computer assisted personal interview 

(CAPI). Upon enrollment, participants were screened for HIV and syphilis. Syphilis was 

screened using a qualitative immunoassay to detect antibodies to Treponema pallidum 

(Alere Determine TM TP test; Alere Medical Co., Ltd, Chiba Prefecture, Japan) and 

confirmed by a Treponemapallidum particle agglutination test for detection of antibodies 

to Treponema pallidum (TPPA; Fujirebio Inc., Tokyo, Japan or ABON Biopharm Co., 

Ltd., Hangzhou, China).  

Ethics Consideration 

 The study protocol was approved by the Institutional Review Board (IRB) of the 

University of Maryland, Shandong University School of Public Health and local 

regulatory agencies including Guangxi Center of Disease Control and Prevention, and 

Hefei Center of Disease Control and Prevention. Written informed consent was obtained 
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for all the participants. Each eligible participant received interviews by trained 

interviewers using computer-assisted personal interviewing (CAPI) in a private room 

near the proximity to participants (less than 1 h-travel time). The identities of the study 

participants were protected, and no information collected in CAPI could be used to 

identify study participants. For taking part in this research study, FSWs were paid for 

their time and inconvenience in the amount of up to $18.5 ($9.5 for receiving an 

interview and $9 for introducing 3 friends to participate in this study). The research 

datasets were deidentified for data analysis and manuscript preparation. 

Dependent Variables 

HIV Testing Status: FSWs were asked to report their history of HIV testing by answering 

“Have you ever been tested for HIV in your lifetime?”. Since this was a cross-sectional 

study, we did not collect information regarding repeated testing.  

Independent Variables 

Testing Status of FSW’s non-commercial sexual partners: FSWs were asked about the 

HIV testing history of their current husbands or boyfriend (no commercial sex exchange). 

The variable was coded as (0) never been tested; (1) boyfriend/husband has been tested; 

(2) partner’s testing status unknown; and (3) no stable sexual partner;  

Self-Reported Condom Use with Clients: Condom use with clients was measured using a 

7-item scale that assessed condom use with clients in the last month under different 

scenarios (e.g., frequency of condom uses when clients gave incentives for condomless 

sex; condom use when clients had erectile dysfunction; or frequency of condom-less sex 

due to unavailability of condoms). Each response was measured on a 4-point Likert scale 
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ranging from (0) never happened to (3) always happened. A higher score indicates more 

frequent condom use. The Cronbach’s alpha was 0.78, and scores ranged from 0 to 21. 

HIV Knowledge: Knowledge regarding the modes of HIV transmission was measured by 

11 true or false questions (e.g., you will be infected if your food is prepared by a HIV 

positive person). One point was given for each correct answer. The range of this variable 

was 0-11, with higher score indicating greater knowledge. 

Egocentric Social Support Networks 

The Chinese Social Network Questionnaire (CSNQ) was used as the network inventory 

in this study (86,112). Name-generator was used to ask mid-age FSWs (egos) to list, by 

giving the pseudonyms, alters who would provide them social support. Each ego could 

name up to 30 alters. Alters could be friends, family members, relatives, pimps, venue 

owners, other FSWs, or other individuals whom the respondents knew for at least 1 

month. Six items were used to define the egocentric network of an ego(166). Egos were 

asked to list alters who would: (1) lend them 200 Chinese dollars ($30 US); (2) take care 

of the them, if they were confined to bed for 2–3 weeks; (3) help or advise the them if the 

they had problems regarding family or health issues, (4) agree with or support their ideas 

or actions; (5) make them feel respected or admired; or (6) convince them to confide in 

the alter. Each response was measured on a four-point likert scale: (0) definitely will not 

provide, (1) probably will not provide, (2) probably will provide, (3) definitely will 

provide. The ego’s social network was inclusive of all individuals who were perceived to 

provide at least one of the six types of social support to egos. Social demographic 

information about the alters was collected from the egos, including the alters’ age, 
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education, marital status, and relation to the ego. No alter was interviewed in the data 

collection process. 

Social Support: The above six-item measure for social support covers tangible support 

(items 1–3) and emotional support (items 4–6). The level of social support perceived by 

each ego was the sum score of each social support item. The range of social support from 

each alter is 0 to 18. Each ego can name up to 30 alters. 

Social Network Structures: Each ego was asked to identify whether each alter knew 

each other and generated a relational matrix according to their relationships. The types, 

strengths and direction of the alter-alter relationship were not measured as egos may not 

know such detailed information about their alters. Five network structural measurements 

were used in our study. 

Network Size was measured by the number of alters in an ego’s social support network.  

We used three measurements to quantify network cohesion, network density, constraints 

and transitivity. Network density was the proportion of observed ties over the total 

possible ties in a network (ranged 0-1) (48). A network with a high density indicated the 

higher proportion of the interconnectedness between network members. This 

measurement has been widely used in the network literature (55,167,168). Transitivity, 

referred to whether “friends of my friends are also my friend” (169), was the number of 

observed triads (a group of three people all know each other) over the possible triads (the 

total number of three-person group) in a social network. A network with high transitivity 

indicated high reciprocity in the network. A highly transitive network would reinforce 

network influence and strengthen the emotional support. Network Constraint of ego was 

a Burt’s structural hole index which measured the redundant ties around egos. It measures 
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how much egos’ alters are interconnected with other alters (164). An ego’s network with 

less alters (i.e., ego would invest more on each alter) and more interconnected alters has a 

higher level of network constraint. An ego’s network with more alters and less common 

connections among alters has a lower level of network constraint. Although both 

transitivity and constraints measured cohesive network, network constraints decrease as 

network expand, opposed to transitivity which increases as the network expands. 

Effective Size was another Burt’s structural hole index which measures the diversity of a 

social network. It referred to the number of nonredundant ties in a network. If an alter 

was completely disconnected with other alters in an egocentric network, this ego-alter tie 

was considered nonredundant. Nonredundant ties in a support network could provide 

unique and independently acquired resources to the ego. However, more nonredundant 

ties in a social network usually suggested a lower level of social cohesion. Effective size 

was calculated as the number of alters minus the average ties of alters within the ego 

network, not counting ties to ego (164,170).  

Network Characteristics: 

Average alter trust: Egos were asked to rate the level of trustiness to each alter on a 5-

point Likert scale: (0) Do not trust at all; (1) Do not trust; (2) Do not care; (3) Trust; (4) 

Very trust. The average alter trust is the average rating of all the alters in ego’s network.  

Average alter closeness: Egos were asked to rate the level of closeness to each alter on a 

3-point Likert scale: (0) Not close; (1) Average; (2) Close. The average alter closeness 

was the average rating of all the alters in ego’s network.  

Statistical Methods 
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Network structural measurements were calculated using R package igraph(version 

1.2.4.1) (171). Descriptive analysis was performed to describe the mean and standard 

deviation of continuous variables and proportions of categorical variables. Chi-square 

and t tests were used to examine the association between behavioral variables and HIV 

testing status. Mantel-Haenszel tests were used for ordinal independent variables such as 

education status. Since respondent driven sampling was used for participants recruitment, 

RDSanalyst(version1.8-6) was used to calculate the survey weights. Rao-Scott Chi-

Square tests and weighted linear regression were used to obtain the RDS adjusted p-

value. 

 Multiple logistic regression models were used to assess factors associated with 

HIV testing status. HIV testing status was used as the dependent variable in all models. 

Based on previous literature and using a model-building approach that considered 

individual-level and network characteristics sequentially, we explored the potential 

individual-level predictors of HIV testing in Model 1. We subsequently added partner 

level predictors including FSWs’ self-reported condom uses with their clients and their 

nonpaying partner’s HIV testing status in Model 2 and Model 3. To avoid over fitting the 

models, we removed HIV knowledge and syphilis status from Model 2 and Model 3.  

For models to examine social network variables, we fitted social network 

variables separately as social network variables were highly correlated (Table 4). Each 

social network variable was estimated as separate models. Across these models, 

Demographic variables including age, education, marital status, migrant status, duration 

of sex work and city were adjusted as potential confounding effects. The crude odds ratio 

(COR), adjusted odds ratio (AOR) and their 95% confidence intervals were used to 
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estimate the strength of the associations. Akaike information criterion (AIC) and 

Bayesian information criterion (BIC) were reported to assess model fit. To account for 

multiple comparison bias in social network measurements, Bonferroni corrected alpha 

level is considered for statistically significance (alpha = 0.006).  RDS weight was 

adjusted in regression analysis to account for the nonrandom sampling method. SAS 

University Edition was used for regression analysis. R (version 3.6.1) and Rstudio 

(version 1.0.143) were used for data management and estimation. All Since an HIV 

positive diagnosis could substantially change an individual’s social networks, we 

excluded the ten HIV positive FSWs from regression analyses. Since network structural 

variables were not defined when the network size was zero, three FSWs who reported no 

social contacts were excluded from the regression analysis. 

Sensitivity Analysis: We examined the internal validity of this study by running two 

additional analyses. (1) To address the potential self-report bias that FSWs are known to 

overreport their use of HIV preventive (103,104,172), we used a novel approach (a 

prostate-specific antigen test) to validate our study results. (2) To address the potential 

confounding effects of types of social networks, we divided the perceived social support 

variable by the ego-alter relationships and examined whether the association between 

perceived social support and HIV testing uptake differed based on who was providing the 

support. The rationale and details of the sensitivity analysis are provided in Appendix. 
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4.3 Results 
Descriptive Analysis 

A total of 1,245 mid-age FSWs were recruited from three cities in China: (418 in 

Nanning, 407 in Hefei and 420 in Qingdao. As depicted in Table 1, 62.24% (775) of the 

FSWs reported a history of HIV testing. FSWs who were older, worked longer as FSWs, 

and had a higher level of HIV knowledge were more likely to receive HIV testing. About 

half (51.72%) of the unmarried FSWs were ever tested for HIV, compared to 61.5% 

among married FSWs. FSWs’ testing status was highly associated with their partner’s; 

88.1% of the FSWs who had partner with a history of HIV had been tested with HIV, but 

60% among FSWs whose partners did not receive HIV testing. Over 70% of the FSWs in 

Qingdao and Nanning were tested for HIV, but less than 40% of t FSWs in Hefei had 

HIV testing history. FSWs with a history of HIV testing had slightly larger network size 

(4.81), more social support (53.67), but less network trust (2.95) and network closeness 

(1.57) compared to those who did not have a history(network size: 4.45; social 

support:51.32; average trust: 2.95; average closeness: 1.59), although the results were not 

statistically significant in bivariate comparisons. Higher network transitivity was 

significantly associated with FSWs’ HIV testing. As depicted in Table 2, total support, 

network transitivity, size, trust and closeness were significantly positively correlated with 

each other. Effective size was positively correlated with network size but negatively 

correlated with network density, as opposed to ego’s constraint.  

In multiple logistic regression analysis (Table 3), FSWs who had higher HIV 

knowledge (AOR=1.34; 95% CI: 1.15-1.57), had prevalent syphilis (AOR: 1.75; 95% CI: 

1.38-2.24) were more likely to be tested with HIV. At partner-level, FSWs who 

frequently use condoms with their clients (AOR=1.06, 95 % CI: 1.01-1.11) and FSWs 
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who had at least one stable partner were more likely to be ever tested for HIV 

(AOR=5.67, 95 % CI: 2.67-12.50) were more likely to be tested for HIV themselves.  

 When the social network factors were added in a multiple regression (Table 4), 

total social support was not associated with HIV testing. Among network structural 

measurements, egos who had highly transitive social networks were more likely to be 

tested for HIV (AOR= 1.77; 95% CI: 1.18-2.64). FSWs who had greater trust in their 

social networks had lower odds or HIV testing (AOR= 0.74; 95% CI: 0.56-0.97). 

Network size, constraint, and density were positively associated with HIV testing l 

(AOR= 1.07; 95% CI: 0.99-1.15; AOR=1.17; 95% CI: 0.58-2.24; AOR=1.44; 95% CI: 

0.87-2.39; respectively), although the results were not statistically significant.  

Sensitivity Analysis: The detailed results of sensitivity analysis were reported in 

Appendix. Prevalent syphilis infection, HIV knowledge, and partner’s testing status 

maintained significant associations with HIV testing status. Network transitivity and 

density were maintained positive associations HIV testing among FSWs with relatively 

large effect size, although the results were not statistically significant. Results from the 

sensitivity analysis were consistent with the main analysis. 

 Social support from family and friends were not associated with FSW’s testing 

status and support from distant relatives, boyfriends and clients had negative impacts on 

FSW’s HIV testing behavior. The substantial effects of these social support were very 

small.  
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4.4 Discussion and Implications 
There are three main findings from this multicenter egocentric network study: 1) 

uptake of HIV testing among FSWs had been significantly improved compared to 

previous research (153–155); 2) Uptake of HIV testing was positively associated with 

HIV knowledge, syphilis infection, partner’s testing status and  condom use with clients; 

and 3) mid-age FSWs with larger and denser social networks were more likely to be 

tested with HIV. Although some variables were not statistically significant in sensitivity 

analysis, the direction of the study results were consistent. 

In our study, 62% of FSWs had been tested for HIV, significantly better than the 

previous reports, 17.7% in Yunnan, surveyed in 2011 (153), and 35.9% in Guangxi, 

pooled surveys in 2012-2015 (73). The testing uptake varied in the three study sites. The 

FSWs testing uptake in Nanning and Qingdao were over 72% but this number was only 

40% for Hefei. Although, the reasons for the difference are not know, this was probably 

due to the different levels of government efforts in HIV control. Qingdao, as a more 

economically developed city with fairly good public health infrastructure, and Nanning, 

as a city with high HIV prevalence due to the historical drug trafficking, had more 

government efforts put in HIV control than Hefei. It is also possible that mid-age FSWs 

in Hefei did not perceive risk for HIV infection, compared to FSWs in other two cities. 

This finding indicates that uptake of HIV testing in China is heterogonous in China and a 

large-scale of promotion campaign should be continued among this vulnerable 

population, especially in the areas with low HIV testing, such as Hefei. 

  Our study highlighted the importance of STI control in HIV screening. FSWs 

with previous syphilis infections were significantly more likely to be tested with HIV. 

This might be through two possible pathways: 1) STI infections may serve as the 
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“warning” sign  for individuals with risky behaviors and motivate them to receive HIV 

testing (109); 2) In China, when an FSW is tested and treated for a STI, her doctor may 

encourage her to screen for other STIs, including HIV. For either pathways, the 

increasing utilization of healthcare services due to STI increases the uptake of HIV 

testing.                                                                                                                                                                                                                                                                                                                                                                                                          

In this study, we found low uptake of HIV testing among FSWs’ non-paying 

partners (i.e., current husband or boyfriend). Only 10% of FSWs’ reported that her 

current partner had ever been tested for HIV. Among FSW with husbands, 17.08% of 

FSW reported that their husbands had sexual partners but only 6% of them reported 

consistent condom use with their husbands. Among FSW with non-paying boyfriends, 

32.6% reported that that their boyfriends had other sexual partners, but only 19.37% of 

them reported consistent condom use with their boyfriends. Without knowing their HIV 

status, a large number of the FSWs’ steady partners were at high risk of HIV infections, 

but they were not aware of their risk and could potentially spread the infections to the 

general populations. FSWs’ stable partners should be considered as the key populations 

for HIV infections and should get more attentions in HIV testing programs or campaigns 

It is possible that information bias exists when FSWs reported the HIV testing status of 

FSWs’ nonpaying partners. However, we believe it’s important to draw attention to this 

critical, yet under researched population.    

Self-reported condom use with clients was positively associated with HIV testing 

in our main analysis, (AOR= 1.06; 95% CI: 1.01-1.11). However, the magnitude of the 

effect was attenuated among FSWs who correctly reported their condom use status in our 

sensitivity analysis (AOR= 1.02; 95% CI: 0.96-1.08). Although the substantial change of 
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the result was small, potential self-reported bias may exist and it could change the 

conclusion we draw from this type of information.  

Different from previous studies (69), social support was not associated with HIV 

testing behavior. Although contrary to our hypothesis, this result was not surprising. The 

mechanism of how social support influences individual’s health is through “buffering 

perception of stress, providing specific care and supports, influencing help-seeking 

through transmitting social norms and values, and acting as referral agents to professional 

services” (173). Social support is especially useful in dealing with sudden and stressful 

life events (174). However, HIV testing and other preventive behaviors, such as condom 

use, may be less associated with buffering against stress and often required minimum 

social care, especially when FSWs were unwilling to disclose their identity to their main 

support sources, family, relatives and friends. Social support network was considered as 

multiplex social networks (i.e. those composed of multiple relationships). Multiplex 

social networks are more likely to deliver tangible social support that may not be 

effective social support (173). HIV preventive behaviors were more directly influenced 

by the social norms and social expectations of the social networks than the total amount 

of perceived social support (55). In prior research, social support from different sources 

may have different effects on FSWs. However, our sensitivity analysis, although some 

social relations provided negative impacts to HIV testing, overall, the association 

between social support and HIV testing was small (Appendix Table 3). 

Although social support was not associated with HIV testing behavior in our 

study, social structures were associated with FSWs’ HIV testing uptake. We found that 

FSWs with larger and close-knit social support networks were more likely to adopt HIV 



 86 

preventive behaviors. This finding was consistent with previous literature and social 

network theories (52,55). Social network structures could directly influence how social 

support and social influences were perceived by FSWs. As shown in other studies, 

individuals with larger social networks are were more likely to have higher level of 

psychological well-being, and to adopt HIV preventive behaviors (55,74). Members of a 

dense network were also more likely to agree on the network expectations about their 

behaviors, conform and support each other (163). In multiplex social support networks, 

denser networks were more likely to be family and friends’ network which usually 

facilitated positive social influence, compared to sparser networks which were more 

likely to be dominant by their sexual partners. As presented in Appendix Table 3, after 

controlling for the amount of social support, transitivity and network size were still 

significant predictors for HIV testing. This indicated that among the FSWs who 

perceived the same amount of social support, FSWs with larger and denser social 

networks were more likely to have tested for HIV. Therefore, instead of the total amount 

of social support, social network structures were more likely to capture the “affective” 

social support and network transitivity was stronger predictor for HIV testing behaviors 

among mid-age FSWs in China.  

In contrast to common intuition, individuals who had greater trust and more 

intimate with their network were less likely to be tested for HIV. Based on previous 

studies and network theories, individuals tended to have greater trust in their “strong 

ties”, and strong ties were their interconnected social connections (66). However, in our 

study, the average network trust and average network closeness were only weakly 

correlated with social cohesion. They are also negatively correlated with the network 
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size. It is possible that the greater trust towards FSWs’ social network hindered their 

ability to receive new information and limited their social interactions with the larger 

community (175). Since we did not explicitly ask the HIV testing norms among FSWs’ 

social networks, if FSWs’ social contacts had negative norms towards HIV testing, 

stronger network influence would lower FSWs’ willingness to be tested for HIV (52). 

Future studies are needed to disentangle the underlying mechanism of the social 

influences on HIV testing behaviors among FSWs.   

Out study makes an important contribution to analysis methodology in egocentric 

social networks. Previous studies found associations between network structural 

measures and HIV preventive behaviors. Veinot et la. found no association between 

proportion of strong ties and HIV testing behaviors (55). Choi et al. found positive 

association between network density and protected anal intercourse (52). In our network 

measurements, as presented in Table 2, the standardized network cohesion measurement 

(i.e., network density) was negatively associated with network size, consistent with 

previous research (176). For example, a network with only one social contact had 

network density (ranged 0-1) of 1. Therefore, if we used network density as our 

measurement for network cohesion, the effects of network cohesion might be attenuated 

by the negative impact of smaller network size. This effect was especially prominent in 

our study because we did not limit the number of social contacts our ego could list in our 

network inventory as the above-mentioned studies. Therefore, in future egocentric social 

network studies, researchers should carefully choose the different network structural 

measures to use in statistical analysis. 

Strengths and Limitations   
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 There are several strengths in this study. (1) We used respondent-driven sampling 

to identify and collect data on “hidden” population. (2) The effects of social networks are 

difficult to disentangle, but we used several social network measurements to improve the 

reliability of our findings and the results were consistent with different measurements. (3) 

We used a novel method to reduce the potential self-report bias in our study. Since self-

reported history of HIV testing could not be validated using an objective method, we 

used a similar self-report variable that could be validated through a biomarker to identify 

potential self-report bias in our data. Our study results were relatively consistent in the 

subsample. Although the self-report condom bias may not be directly linked to self-report 

testing bias, it is a related verifiable self-report bias indicator to validate the robustness of 

a variable that cannot be verified. 

 There were two main limitations of this study. First, this was a cross-sectional 

study, and we only collected the information on HIV testing in FSWs’ lifetime, so there 

is a temporal ambiguity between the predictors and the outcome variables. Second, all of 

the demographic and behavioral information of the FSWs’ alters were collected through 

the ego. Alters were not interviewed as part of this study, therefore reports may be prone 

to information bias. Egos reporting about alters is common practice across egocentric 

network studies (128), and it would be impractical to interview the people around FSWs 

because FSWs tend to conceal their identity in front of their family and friends. Although 

respondent-driven sampling method is considered as one of the best strategies to recruit 

marginalized populations, the recruited sample is still intercorrelated, which can inflate 

the Type I error rate. 

Implications to intervention 
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The findings of this study may inform the development of social network 

interventions that promote HIV testing for mid-age FSWs in China. This study further 

emphasizes the importance of social influences and informational support rather than 

simply providing the necessary resources for them. For example, in addition to training 

peer educators and social workers to disseminate tangible and informational social 

support, it is more important to design and encourage FSWs’ participation in their own 

social groups. By increasing the social participation and social connection of FSWs, we 

could be more effectively promote HIV preventive behaviors among this high-risk 

population to curb the overall HIV transmission in China. Designing psychoeducation 

intervention from a social network perspective could also holistically improve the overall 

health conditions and psychological well beings of mid-age FSWs in China.  
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Table 4-1:Survey participant demographics and risk behavior (n = 1245) 

 HIV Testing Status 

P value RDS P-value Continues Variables 
Never 
(N=470) 

Ever 
(N=775) 

Age 39.93(5.30) 40.15(5.52) 0.48 0.96 
Duration of sex work (years) 3.35(3.37) 4.61(3.54) 0.00 0.08 
HIV Knowledge 7.27(2.82) 9.10(2.03) 0.00 0.00 
Occupational Stigma 16.56(2.96) 16.30(2.82) 0.12 0.45 
Condom Use with Clients 13.69(3.55) 14.56(3.00) 0.00 0.18 
Social Network Measurements     
Function     
  Total Support 51.32(27.90) 53.67(32.12) 0.17 0.76 
Structure     
  Effective Size 2.83(1.72) 2.86(1.65) 0.76 0.91 
  Constraint 0.57(0.25) 0.57(0.23) 0.79 0.49 
  Transitivity 0.62(0.35) 0.68(0.66) 0.01 0.04 
  Density 0.50(0.35) 0.54(0.32) 0.03 0.14 
  Network Size 4.45(2.37) 4.81(2.32) 0.03 0.14 
Network Characteristics     
  Average Trust 2.98(0.57) 2.95(0.61) 0.44 0.13 
  Average Closeness 1.59(0.39) 1.57(0.39) 0.41 0.70 
Categorical Variables     
Marital Status     
  Unmarried 56(48.28%) 60(51.72%) 0.01 0.42 
  Married 237(38.85%) 373(61.15%)   
  Divorced/Widowed 177(34.10%) 342(65.90%)   
Education     
  Primary or Less 234(42.86%) 312(57.14%) 0.01 0.00 
  Middle School 194(33.62%) 383(66.38%)   
  High School 42(34.43%) 80(65.57%)   
Residency   0.00 0.53 
  Urban 170(44.74%) 210(55.26%)   
  Rural 300(34.68%) 565(65.32%)   
Risk Behaviors     
Partner HIV Testing   0.00 0.00 
  Never 304(39.28%) 470(60.72%)   
  Ever 13(11.93%) 96(88.07%)   
  Unknown 64(43.24%) 84(56.76%)   
  No Partner 89(41.59%) 125(58.41%)   
Syphilis Infection   0.26 0.46 
  Yes 101(34.95%) 188(65.05%)   
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  No 369(38.60%) 587(61.40%)   
City   0.00 0.00 

  Nanning 118(28.23%) 300(71.77%)   

  Hefei 247(60.69%) 160(39.31%)   

  Qingdao 105(25.00%) 315(75.00%)   
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Table 4-2:Pearson’s Correlation among Network Measurements 

 Total Support Effective Size Constraint Transitivity Density Network Size Trust 
Effective Size 0.59 -      
Constraint -0.53 -0.81 -     
Transitivity 0.21 -0.33 0.43 -    
Density -0.08 -0.67 0.78 0.74 -   
Network Size 0.87 0.75 -0.67 0.19 -0.18 -  
Trust 0.25 -0.11 0.14 0.12 0.17 -0.02 - 
Closeness 0.20 -0.11 0.14 0.09 0.16 -0.04 0.57 

 All correlation results were statistically significant and smaller than 0.004  
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Table 4-3:Multivariable Logistic Regression without Social Network Factors (N=1234) 
Variables* Model 1  Model 2 Model 3 
Individual Level    
Age 1.01(0.95-1.08) 1.00(0.94-1.07) 1.00(0.95-1.07) 
Education    
  Primary or Less Reference 
  Middle School 1.12(0.86-1.47) 1.39(1.13-1.71) 1.33(1.07-1.65) 
  High School or above 1.29(0.71-2.33) 1.63(1.03-2.59) 1.44(0.90-2.30) 
Marital Status    
  Unmarried Reference 
  Married 1.39(0.66-2.94) 1.28(0.68-2.40) 0.97(0.51-1.83) 
  Widowed/Divorced 1.32(0.66-2.64) 1.33(0.75-2.33) 1.33(0.71-2.48) 
Residency: Migrant Vs. Local 0.92(0.53-1.57) 0.98(0.57-1.68) 0.97(0.57-1.65) 
Duration of Sex Work 1.00(0.93-1.07) 1.02(0.95-1.1) 1.01(0.93-1.10) 
HIV Knowledge 1.34(1.15-1.57)   
Prevalent Syphilis  1.75(1.38-2.24)   
Partner Level    
Self-Reported Condom Use with Clients  1.05(1.00-1.11) 1.06(1.01-1.11) 
Nonpaying Partner’s HIV Testing Status     
   Never tested for HIV    Reference 
   Have tested for HIV   5.92(2.96-11.81) 
   Unknown   0.82(0.45-1.50) 
   No Partner   0.56(0.16-3.47) 
City    
   Qingdao Reference 
   Nanning 0.56(0.14-2.24) 0.77(0.16-3.68) 0.75(0.16-3.47) 
   Hefei 0.19(0.04-0.85) 0.22(0.05-0.99) 0.29(0.05-0.90) 
    
DF 11 10 13 
-2loglik 2591.07 2852.703 2765.16 
AIC 2615.07 2874.703 2793.16 
BIC 2684.18 2938.056 2873.79 
*Variance inflation factor (VIF) was used to asses potential multicollinearity among the independent variables. No 
significant multicollinearity problem was found in the models. 
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Table 4-4:The Association between HIV testing and Social Network Characteristics 

Main independent Variables* COR (95%CI) AOR* (95%CI) 

Function   
  Total Support 1.00(0.99-1.01) 1.00(0.99-1.01) 
Structure   
  Effective Size 1.01(0.90-1.14) 0.99(0.90-1.09) 
  Constraint 1.05(0.54-2.03) 1.17(0.58-2.24) 
  Transitivity^ 1.72(1.08-2.76) 1.77(1.18-2.64) 
  Density 1.33(0.78-2.25) 1.44(0.87-2.39) 
  Network Size 1.08(0.99-1.17) 1.07(0.99-1.15) 
Network Characteristics   
  Average Trust 0.76(0.56-1.03) 0.74(0.56-0.97) 
  Average Closeness 0.83(0.40-1.75) 0.67(0.41-1.10) 
Models were adjusted age, education, duration of sex work, rural-urban residency, and the study site. 
COR: Crude Odds Ratio; AOR: Adjusted Odds Ratio 
*Each variable was independently modeled to avoid potential multicollinearity. There were eight different 
models in this table. 
^P-value for transitivity is 0.005, which is smaller than the Bonferroni corrected alpha level for 8 variables 
(alpha = 0.006). P-value for average trust is 0.029, which is not statistically significant with Bonferroni 
correction. 
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4.5 Appendix 
 
Sensitivity Analysis 1:  
 

Upon enrollment, we asked FSWs to report their sexual behaviors and the condom 

use in the past 24 hours. If they reported to have sexual behaviors, we collected the 

vaginal specimen for a prostate-specific antigen (PSA) test. The positivity of the PSA test 

indicated the absence of condom use during their last sexual activity and we could know 

whether they misreported their condom use status in their self-report questionnaire. The 

details of this design were described previously (109,110). Since over-report condom use 

and over-report HIV testing were both motivated by social desirability bias, FSWs who 

over-reported their condom use was presumably more likely to over-report their HIV 

testing status as well. Therefore, we ran a sensitivity analysis among the FSWs who 

correctly reported their condom use status to verify the robustness of the results; 

 A total of 562 FSWs who correctly reported their condom use status and HIV 

negative were included in the sensitivity analysis. Among the 572 FSWs, 64.5% (371) of 

them reported to be tested for HIV. This number is similar to the whole sample. Among 

FSWs who correctly reported their condom use verified by the PSA biomarker, prevalent 

syphilis infection, HIV knowledge, and partner’s testing status maintained significant 

associations with HIV testing status (Table 4-5). Network Transitivity and network 

density were maintained significant associations HIV testing among FSWs with relatively 

large effect sizes (AOR=1.77; 95% CI: 0.76-4.13; AOR= 2.03; 95% CI: 0.96-4.31; 

respectively) and network trust was negatively associated with HIV testing in the 

subsample analysis as well (AOR=0.91; 95% CI: 0.53-1.57), although the results were 

not statistically significant (Table 4-6).  
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Sensitivity Analysis 2: 
To address the potential confounding effects of types of social networks, we 

divided the perceived social support variable by the ego-alter relationships and examined 

whether the association between perceived social support and HIV testing uptake differed 

based on who was providing the support. We also run three additional models to verify if 

the association between network structural measurements and HIV testing behavior 

change depending on the amount of perceived social support.  

As presented in Table 4-7, social support from family and friends were not 

associated with FSW’s testing status and support from distant relatives, boyfriends and 

clients had negative impacts on it. The substantial effects of these social support were 

very small (Adjusted odds ratios are between 0.96 and 0.99). After adjusting for the 

amount of perceived social support, network transitivity and network size maintained 

significant associations with HIV testing status (AOR = 1.81; 95% CI: 1.09-2.97; 

AOR=1.21; 95% CI: 1.01-1.45; respectively). 
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Table 4-5:Multivariable Logistic Regressions Among “Honest” FSWs; N=562 
Variables Model 1 Model 2 Model 3 
Individual Level    
Age 1.03(0.93-1.14) 1.01(0.92-1.11) 1.02(0.93-1.12) 
Education    
  Primary or Less Reference Reference Reference 
  Middle School 1.03(0.59-1.78) 1.33(0.87-2.04) 1.23(0.76-2.03) 
  High School or above 1.74(0.39-7.83) 1.74(0.48-6.29) 1.55(0.43-5.65) 
Marital Status    
  Unmarried Reference Reference Reference 
  Married 0.98(0.43-2.27) 0.70(0.30-1.60) 0.44(0.19-1.03) 
  Widowed/Divorced 0.67(0.31-1.46) 0.61(0.28-1.29) 0.57(0.26-1.24) 
 Residency: Migrant Vs. Local 0.93(0.46-1.86) 1.26(0.58-2.75) 1.24(0.59-2.60) 
  Duration of Sex Work 0.92(0.87-0.98) 0.96(0.87-1.05) 0.94(0.86-1.02) 
 Prevalent Syphilis  1.96(1.18-3.24)   
  HIV knowledge 1.53(1.33-1.76)   
Meso Level    
  Self-Reported Condom Use with Clients  1.02(0.95-1.09) 1.02(0.96-1.08) 
 Stable Partner’s HIV Testing Status     
   Never tested for HIV    Reference 
   Have tested for HIV   8.94(3.43-23.32) 
   Unknown   0.74(0.25-2.22) 
   No Partner   0.39(0.23-0.68) 
City    
   Qingdao Reference Reference Reference 
   Nanning 0.29(0.10-0.85) 0.70(0.12-4.03) 0.66(0.12-3.83) 
   Hefei 0.09(0.03-0.32) 0.12(0.03-0.58) 0.10(0.02-0.45) 
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Table 4-6: Multivariable Logistic Regression Social Network Factors Among “Honest” FSWs 

Variable AOR (95%CI) 

Network Function  
  Total Support 1.00(0.99-1.01) 
Network Structure  
   Effect Size 0.89(0.76-1.03) 
   Constraint 1.59(0.72-3.52) 
   Transitivity 1.77(0.76-4.13) 
   Density 2.03(0.96-4.31) 
   Network Size 1.01(0.90-1.14) 
Network Characteristics  
  Average Trust 0.91(0.53-1.57) 
  Average Closeness 0.72(0.28-1.83) 

Models were adjusted age, education, duration of sex work, rural-urban residency, and the study site. 
AOR: Adjusted Odds Ratio 
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Table 4-7:Social Support by Different Sources 
Network Function Individual Models1  Model 12 Model 22 Model 32 

Total Support 1.00(0.99-1.01) 1.00(0.99-1.00) 1.00(0.99-1.00) 0.99(0.97-1.00) 
Social Support     
  Family 1.01(1.00-1.02)    
  FSWs 1.00(0.98-1.01)    
  Relatives 0.99(0.98-1.00)    
  Boyfriends 0.98(0.96-0.99)    
  Clients 0.98(0.96-1.00)    
  Non-FSW Friends 1.00(0.99-1.01)    
Network Structure     
   Transitivity 1.61(0.98-2.68) 1.81(1.09-2.97)   
   Density 1.07(0.91-1.25)  1.59(0.91-2.80)  
   Network Size 1.02(0.93-1.13)   1.21(1.01-1.45) 
1. Models were adjusted for covariates, age, education, marital status, residency and duration of sex work. 
2. Network Structures, adjusting by total amount of social support. We could observe that with the same 
level of perceived social support, network structures were still significant predictors for HIV testing 
behavior. 
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Chapter 5:  Adjusting to Social Life in a Collectivistic Culture: The 
Wisdom of Female Sex Workers in China  
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Abstract 

Background 

Mid-age female sex workers (FSWs) are at elevated risk for HIV infection in China. Few 

studies have explored Chinese collectivism tendency in relation to social network 

characteristics and occupational stigma among mid-age female sex workers.  

Methods  

A total of 1245 FSWs (>35 years old) were recruited from Hefei, Nanning and Qingdao.  

Collectivistic tendency and occupational related stigma were used to predict the FSWs’ 

social network characteristics. Linear regressions were used for statistical analysis. 

Interaction term (collectivism X stigma) was used to examine the potential interaction 

effects of these two variables on FSWs’ social networks. 

Results 

Every one standard deviation (SD) increase in FSWs’ collectivism tendency would lead 

to 0.18 SD decrease in social support (95% CI: -0.33, -0.04), 0.20 SD decrease in 

network effective size (95% CI: -0.30, -0.01), and 0.25 SD decrease in network 

betweenness (CI: -0.33, -0.09). Among the participants with the highest level of 

collectivistic tendency, the increase of occupational stigma would increase FSWs’ 

network betweenness. 

Conclusion:  

FSWs who have the highest level of collectivistic tendency and perceived more social 

stigma related to their sex work are more willing to stay themselves at a “bridging” 

position and connect with weak social ties rather than a strong cohesive group. The 
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development of social network-based interventions to reduce HIV risk among FSW 

should take the complexity of culture into consideration. 
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5.1 Introduction 

Extensive research has shown that an individual’s social network has significant 

impact on ones’ health behaviors, especially among marginalized populations, such as 

female sex workers (FSW), HIV positive individuals, and drug users (55,64,77). Positive 

influences and support from ones’ social network peers could effectively reduce their 

engagement in HIV risk behaviors (63). Previous studies also suggest that female sex 

workers with a lower level of perceived social support (121,177,178), social engagement 

(82) and a high level of perceived intimacy with clients (77,177) are more likely to 

inconsistently use condoms with their clients (19). FSWs’ personal social network is the 

primary source of their information support and social influence (179). Understanding 

FSWs’ social networks is an important step in developing effective HIV behavioral 

intervention programs to reduce HIV risk behaviors among key populations, and 

ultimately to decrease HIV transmission rate in the general population. 

The influence of Collectivism on Social Networks 

Studying the influences of social networks on individual’s behavior is especially 

useful in the Chinese culture. Chinese culture is predominantly collectivistic, with a 

strong emphasize on interdependence within the personal network and harmony within 

social groups (91). Different from individualistic culture, which is believed to be more 

self-reliant and self-interested, collectivistic culture promotes hierarchical relationships 

and values group interest over an individual’s interest. Considering social relationships, 

individualistic people tend to form temporary relationships with dissimilar others, but 

collectivistic people tend to form permanent relationships with similar others (180). 

Collectivistic cultures are commonly believed to create strong and cohesive social groups 
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that, in theory, provide greater social support and social capital (62,181–183). However, 

the dynamic influence of collectivism on individual’s social relationships is rather 

complicated. Although collectivistic culture emphasizes forming harmonic relationships 

between people and their personal network members, such as family members, friends or 

coworkers, this attempt may not always be successful. Empirical studies found that 

people from highly collectivistic countries receive a higher level of social resources but 

had a lower level of trust towards strangers and acquaintances (181,184). A recent study 

found that compared to Americans who are typically characterized as individualistic, 

Chinese individuals (typically characterized as collectivistic) show greater in-group 

vigilant towards their coworkers (93). Considering a  within-China comparison, 

collectivistic rice farming population had higher level of in-group vigilance compared to 

their wheat farming individualistic counterparts (93). The historical difference between 

rice farming and wheat farming is that rice farming requires longer labor hours and more 

collaborations among famers while wheat farming operated with more independence. 

Sociologists believed that rice farming cultures are more collectivistic than wheat 

farming cultures, although this effect has been attenuated due to industrial shift and 

modernization (185). Overall, collectivistic Chinese culture puts additional pressure on 

social relationships. 

Social Stigma and Personal Network 

The cultural emphasis on interconnectedness can further amplify the perceptions of 

discrimination and stigma from individual’s social networks, especially among 

vulnerable populations. Among people who live with HIV/AIDS (PLWHA) and men 

who have sex with men (MSM), individuals with higher level of collectivistic tendency 
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perceived higher level of social stigma (95,96). This social pressure can be manifested 

through individual’s social networks. For example, in a longitudinal study about young 

black MSM in Chicago (YBMSM), participants are more likely to put themselves in a 

“bridging” position of their social networks after the positive HIV diagnosis. A 

“bridging” position is the position in a social network where a person’s social contacts 

could only be connected through that person. This structural advantage can help YBMSM 

to selectively disclose their testing status without worry about being gossiped about 

because the information could not travel between YBMSM’s social contacts by 

themselves (13).  

Similar arguments could be made about female sex workers in China. Mid-age 

female sex (>35 years old) workers are especially vulnerable and considered as the 

bottom of the social hierarchy, opposed to their younger counterparts. Prostitution is 

illegal in China and the local law enforcement agencies practice campaign style policing, 

known as the “strike-hard” movements to periodically incarcerate FSWs (43,45,186). The 

Chinese government often portrays FSWs as “lazy”, “materialism pursuit” and associates 

prostitution with political corruption (43). Even within the commercial sex industry, mid-

age FSW are more likely to be paid less and experienced more stigmatization than 

younger FSWs (32,36,116). 

This stigmatization combined with collectivistic cultural tendency creates an 

exceptionally antagonistic social environment for FSWs and may incentive them to plan 

their social networks accordingly. In this study, we utilize a multicenter egocentric social 

support network design to assess the influence of collectivistic tendency on individual 

social networks among mid-age female sex workers in China. Egocentric networks are a 
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special form of social networks that consist of one ego (female sex workers) and the 

egos’ alters (ego’s social network contacts who could provide social support to them). 

Using egocentric network design, we can effectively assess the functions, such as social 

support, social control and social influences, and the structures, such as the network size, 

density and shapes, of ego’s personal network (48). Based on the above discussion, we 

hypothesize that 1) FSWs with a higher level of collectivistic tendency will perceive less 

social support; 2) FSWs with a higher level of collectivistic tendency and social stigma 

will have a lower level of trust towards their network members and more likely to put 

themselves in a “bridging” position in their personal network; 3) FSWs’ social networks 

will be more affected by social stigma for those with a higher level of collectivistic 

tendency relative to those with a lower level of collectivistic tendency.  
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5.2 Method 

Data source 

Data was derived from a multicenter cross-sectional study in 2014. A total of 

1245 eligible participants were female sex workers who were at least 35 years old, had 

exchanged sex for money at least once a week in the past month and lived in Hefei, 

Nanning or Qingdao for at least 3 months prior to the interview. Respondent Driven 

sampling (RDS) was used for recruitment. Demographic and social variables were 

collected through structured interviews using computer assisted personal interview 

(CAPI). Detailed data collection and recruitment protocols are described in previous 

publications (77,103,104). 

Ethics Consideration 

 The study protocol was approved by the Institutional Review Board (IRB) of the 

University of Maryland, Shandong University School of Public Health and local 

regulatory agencies including Guangxi Center of Disease Control and Prevention, and 

Hefei Center of Disease Control and Prevention. Written informed consent was obtained 

for all the participants. Each eligible participant received interviews by trained 

interviewers using computer-assisted personal interviewing (CAPI) in a private room 

near the proximity to participants (less than 1 h-travel time). The identities of the study 

participants were protected, and no information collected in CAPI could be used to 

identify study participants. For taking part in this research study, FSWs were paid for 

their time and inconvenience in the amount of up to $18.5 ($9.5 for receiving an 

interview and $9 for introducing 3 friends to participate in this study). The research 

datasets were deidentified for data analysis and manuscript preparation. 
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Dependent Variables 

Egocentric Social Support Networks 

The Chinese Social Network Questionnaire (CSNQ) was used as the network 

inventory in this study (86,112). Name-generator was used to ask mid-age FSWs (egos) 

to list, by giving the pseudonyms, alters who would provide them social support. Each 

ego could name up to 30 alters. Alters could be friends, family members, relatives, 

pimps, venue owners, other FSWs, or other individuals whom the respondents knew for 

at least 1 month. Six items were used to define the egocentric network of an ego (166). 

Egos were asked to list alters who would: (1) lend them 200 Chinese dollars ($30 US); 

(2) take care of the them, if they were confined to bed for 2–3 weeks; (3) help or advise 

them if the they had problems regarding family or health issues, (4) agree with or support 

their ideas or actions; (5) make them feel respected or admired; or (6) convince them to 

confide in the alter. Each response was measured on a four-point Likert scale: (0) 

definitely will not provide, (1) probably will not provide, (2) probably will provide, (3) 

definitely will provide. The ego’s social network was inclusive of all individuals who 

were perceived to provide at least one of the six types of social support to egos. Social 

and demographic information about the alters was collected from the egos, including the 

alters’ age, education, marital status, and relation to the ego. No alter was interviewed in 

the data collection process. 

Function of the Social Networks 

Social Support: The above six-item measure for social support covers tangible support 

(items 1–3) and emotional support (items 4–6). The level of social support perceived by 
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each ego was the sum score of each social support item. The range of social support from 

each alter is 0 to 18. The observed range is 1-210. 

Social Network Structures: Each ego was asked to identify whether each alter knew 

each other and generated a relational matrix according to their relationships. The types, 

strengths and direction of the alter-alter relationship were not measured as egos may not 

know such detailed information about their alters. Six network structural measurements 

were used in our study. 

Network Size was the number of alters in an ego’s network;  

Network Density was the proportion of observed ties over the total possible ties in a 

network (ranged 0-1) (48). A network with a high density indicated the higher proportion 

of the interconnectedness between network members. This measurement has been widely 

used in the network literature (55,167,168).  

Network Constraint of the ego was a Burt’s structural hole index which measured the 

redundant ties around egos. It measures how much ego’s alter are interconnected with 

other alters (164). An ego’s network with less alters (i.e., ego would invest more on each 

alter) and more interconnected alters has a higher level of network constraint. An ego’s 

network with more alters and less common connections among alters has a lower level of 

network constraint. Collectivistic society generally promotes small and intimate social 

relationships, which should be positively associated with network constraints. Therefore, 

we hypothesize that network constraint is positively associated with collectivistic 

tendency.   

Effective Size was another Burt’s structural hole index which measures the diversity of a 

social network. It referred to the number of non-redundant ties in a network. If an alter 
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was completely disconnected with other alters in an egocentric network, this ego-alter tie 

was considered nonredundant. Nonredundant ties in a support network could provide 

unique and independently acquired resources to the ego. However, more nonredundant 

ties in a social network usually suggested a lower level of social cohesion. Effective size 

was calculated as the number of alters minus the average ties of alters within the ego 

network, not counting ties to ego (164,170). Network effective size is the opposite 

measurements of network constraint.  

Ego betweenness measured the “bridging potential” of ego within ego’s personal 

network. It was the summation of the number of shortest paths from every two alters 

through ego. For example, if alter A and alter B are connected on their own, the shortest 

path for A and B to connect will not go through ego. Hence, ego was not at the bridging 

position between A and B (88). Ego betweenness is a proxy to estimate the FSWs’ 

“social power”. FSWs who have higher betweenness centrality have more information 

control over their social networks. 

Network Characteristics 

Average alter trust: Egos were asked to rate the level of trustiness to each alter on a 5-

point Likert scale: (0) Do not trust at all; (1) Do not trust; (2) Do not care; (3) Trust; (4) 

Very trustworthy. The average alter trust is the average rating of all the alters in ego’s 

network.  

Main Independent Variables 

Occupational stigma was measured based on an eight-item measurement scale that was 

constructed to assess the respondents’ perceptions of stigmatizing attitudes and/or 

discrimination towards sex workers. Participant responses were ranked on a four-point 
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scale ranging from (0) ‘strongly disagree’ to (3) ‘strongly agree.’ Scores were summed 

(range 0–24) with higher scores indicating greater perceived stigma. This measurement 

was validated in our previous publication (114). The Cronbach’s alpha was 0.86 (115). 

The 8-item inventory used to measure it could be found in the Appendix. 

Collectivism: The Individualism–Collectivism Interpersonal Assessment Inventory 

(ICIAI) was used to assess the tendencies of individualism and collectivism. ICIAI 

provides a measure of the tendency toward individualism or collectivism and the 

perception of IC values with interpersonal orientation in friendship relationships (92). 

The 15-item inventory used to measure it could be found in the Appendix. 

Statistical Methods 

Linear regression models were used to assess the associations between 

collectivism and each social network outcome variable including total support, average 

network trust, ego constraint, effective size, ego betweenness, density and network size. 

We additionally adjusted for variables that may influence the individual’s social 

networks, including FSW’s age, duration of sex work, education level, marital status, 

urban-rural residency and study sites. Similarly, we ran the same model using 

occupational stigma instead of collectivism as our primary independent predictor. To 

account for multiple comparison bias in this study, Bonferroni corrected alpha value 

should be 0.007 to be considered as statistically significant. Confidence interval was 

retained at 0.05 level for easy interpretation. 

Next, to assess the potential interaction effects of collectivism and occupational 

stigma on FSWs’ social networks, we fitted the linear regression models included 

collectivism, occupational stigma and their interaction term on each outcome variable and 
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adjusting for the above-mentioned potential confounding variables. An interaction term 

(i.e., occupational stigma*collectivism) was created and entered into the model. Effect 

plots and coefficient were used to visualize the models with significant interaction 

effects.  

Since there was no natural unit for social network measurements, collectivism, and 

network stigma, we standardized these continuous variables to convert them to the same 

scale and to improve the interpretability of these variables. All the continuous variables 

including the aforementioned variables, age and duration of sex work were subtracted by 

their own mean and divided by one standard deviation. The coefficients in the regression 

analysis should be interpreted as: the change of standard deviation in each dependent 

variable corresponding to the change of one standard deviation of the independent 

variables. Original scales were kept in the descriptive tables. 

There was no missing value in the study. However, since network measurements 

were not meaningful when FSWs had no social contact, we excluded the three FSWs 

with no social contacts in their support network. RDS sampling weights were adjusted in 

this study to account for the nonrandom sampling strategy. RDS sampling weights were 

estimated using RDS analyst, RDS-II method (110). Egocentric network measurements 

were calculated using R package igraph.  

5.3 Results 

Table 5-1 presents the study participant’s demographic characteristics. A total of 

1245 female sex workers who were 35 years old and above were recruited in our study 

(418 in Nanning, 407 in Hefei and 420 in Qingdao). The average age for the study 

participants was 40 years old (standard deviation (SD) =5.44). 43% (547) of the 
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participants had less than middle school education and only 10% (122) of them received 

high school and above education. 69% (865) of them were migrant workers from rural 

area. 49% (610) of the participants were married, 41% (520) of them were divorced or 

widowed, and 9% (116) were never married. On average, each ego had 4.67 social 

contacts in their personal networks (range: 0-21). 

Across the three cities, FSWs from Qingdao had worked in commercial sex 

industry for a longer time. The average length of working as sex workers in Qingdao was 

6.46 years and the number, notably higher than Hefei, 2.11 years and Nanning, 3.76 

years. FSWs from Nanning had similar collectivism tendency as FSWs from Qingdao 

(30.23 and 29.07, respectively), and FSWs from Hefei had the lowest collectivistic 

tendency (24.54) among the three cities. 

In regression analyses (Error! Reference source not found.), after adjusting for age, 

education, marital status, duration of sex work, urban-rural residency and study sites, one 

standard deviation increase in an ego’s collectivistic level would lead to 0.18 standard 

deviation (95% CI: -0.33, -0.04) decrease in the ego’s perceived social support, 0.20 

standard deviation (95% CI: -0.30, -0.01) decrease in the ego’s effective size, 0.21 

standard deviation (95% CI: ) decrease in the ego’s network betweenness, and -0.25 

standard deviation (95% CI: -0.39, -0.12) decrease in the ego’s network size. At the same 

time, one standard deviation increase in an ego’s collectivistic level would lead to 0.09 

standard deviation (95% CI: 0.01-0.17) increase in the ego’s trust towards her network 

members, and 0.16 standard deviation (95% CI: 0.05, 0.26) increase in the ego’s network 

constraint. After Bonferroni correction for multiple comparisons, the effects on network 
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constraint, effective size, network betweenness, and network size remained statistically 

significant.   

One standard deviation increase in an ego’s perceived sex work related stigma 

would lead to 0.83 standard deviation (95% CI: -0.14, -0.02) decrease in the ego’s 

perceived social stigma). This association was still marginally significant (p < 0.1) with 

Bonferroni correction. Other network characteristics were not significantly associated 

with occupational stigma. The association and the magnitudes of the effects were 

consistent between bivariate models and adjusted models. 

We further examined the potential interaction of collectivism on the association 

between occupational stigma and social network measurements. As shown in Error! 

Reference source not found., , the interaction term of collectivism and occupational 

stigma was significant for social network trust model and ego betweenness model. 

Collectivism tendency was positively associated average trust toward network members 

if the ego perceived above average social stigma related to their sex work (Error! 

Reference source not found.). When FSWs perceived higher level of social stigma, 

collectivism, the positive influence of collectivism on network trust became stronger.  On 

the contrary, when FSWs perceived higher level of social stigma, collectivism, the 

negative association between collectivism and network betweenness was attenuated. 

When FSWs perceived very high levels of social stigma, the marginal effect of 

collectivism on network betweenness became positive, although the coefficients were not 

statistically significant (Figure 5-2).   
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5.4 Discussion 

 This study had three main findings. First, Chinese female sex workers who had a 

high level of collectivistic tendency were more likely to have smaller but more intimate 

social relationships. Inevitably, they also perceived less social support in general. Second, 

occupational stigma significantly decreased FSWs’ social support and their network trust 

but did not have significant influence on the structures of FSWs’ social networks. Third, 

the effect of FSWs’ occupational stigma on social network structures was modified by 

their collectivism tendency. For FSWs with a lower level of collectivistic tendency, 

FSWs who perceived a higher level of social stigma were more likely to be a cohesive 

social group. However, for FSWs with a higher level of collectivistic tendency, this 

associated was reversed. FSWs who perceived higher level social stigma would have 

more bridging potential in their network. 

 Consistent with previous studies (96,187,188), social support and average 

network trust were negatively associated with occupational stigma. Evidence from 

previous path analytic studies found that social stigma may mediate the effects between 

individual’s collectivism and perceived social support among PLWHA and MSMs 

(95,96). Therefore, we also fitted the mediation models but found no mediation effects of 

occupational stigma between collectivism and the above two social network 

measurements. In facts, there was no significant association between occupational stigma 

and network support independent from collectivism. The differences between the current 

study and the previous two studies may be due to (1) different measures of collectivism 

(the collectivism tendency was measured in the context of three social groups, family 

members, friends, and neighbors in the PLWHA study, but only friend group was 
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included in the measure in the current study, and Triandis’ measurement was used in the 

MSM study); (2) different study populations (PLWHA, MSM, and FSWs) that may share 

different mechanisms for social support, stigma, and networking, (3) different types of 

stigma (HIV-related stigma, homosexuality-related stigma, and sex work related stigma), 

and (4) different sources of social support received by different types of study 

populations (e.g., family members or friends who inject drugs together). The main 

sources of FSWs’ social support were family members and their FSW friends, only 15% 

of the social support came from FSWs’ non-FSW friends. Other studies indicate that 

social support from FSW friends and family is typically less stigmatizing  compared to 

social support from sexual partners or neighbors (95,96). To verify the assumption, we 

further examined the correlation between occupational stigma and different sources of 

social support (Appendix). Occupational stigma was negatively associated with support 

from FSW peers, sexual partners and their gatekeepers (e.g. pimps, managers, and other 

senior FSWs) but not associated with non-FSW friends, family members or relatives. One 

possible explanation was that FSWs who experienced a higher level of social stigma 

related to their work would actively disassociate themselves from their “sex worker life”. 

It was also more difficult for them to keep close relationships with their other connection 

because of the feeling of shame, which would also explain the negative association 

between occupational stigma and average network trust. 

  This result of this study raises interesting questions about best strategies for 

conducting network-level interventions. Many researchers suggest that network-level 

intervention are effective because stigmatized populations are more willing to seek help 

from similar people who shared the same social stigmatization (189). Empirical studies 



 117 

have documented social stigma as a barrier for health seeking behaviors among FSWs 

because the fear of stigma in front of healthcare professionals (69). For FSWs, peer FSW 

friends and gatekeepers are important sources of health related information (70,190). 

Participation in FSW groups is recognized as a facilitator of consistent condom use with 

clients and HIV health seeking behaviors (19,82). However, if FSWs internalize the 

stigma related to their sex work, they might be less willingly to accept help from their 

peer FSWs. Therefore, reducing the social stigma related to sex work are important in 

delivering effective intervention strategy. Anonymous intervention, such as vending-

machine based urine collection kits for HIV testing, may work better among highly 

stigmatized individuals (191).  

 The negative association between FSWs’ collectivistic tendency on their social 

network variables confirmed the previous intuition that collectivistic cultures endorse 

smaller but more intimate social relationships (91,180). FSWs with higher level of 

collectivistic tendency tended to have smaller and more close-knitted social networks. 

One of our assumption was that because of the collectivistic tendency and social stigma, 

FSWs would prefer to be in a “bridging position” to cope with the potential 

discrimination and secure their social relationships by controlling the information flow 

within their networks. We partly observed this phenomenon. Collectivistic tendency was 

positively associated with network constraint, the measurement of small and cohesive 

network, but negatively associated with network effective size, the measurements of large 

and sparser network, and ego betweenness, the measurement of network bridging 

potential. In the model with the interaction term, we found that FSWs with high 

collectivistic tendency would increase their network betweenness as they perceived more 
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social stigma. The possible reason for this finding is that individual’s social relationships 

were relatively stable, especially among family and friends in a collectivistic culture. 

Therefore, social stigma might influence the FSWs’ perception of the social networks, 

such as the trust towards their network members, but not the social relations. However, 

when the social pressure was further intensified, FSWs would be forced to change their 

social networks. According to previous studies (95,96) and our data, collectivistic 

tendency significantly increased individual’s perception of social stigma. Therefore, 

when FSWs’ collectivistic tendency and social stigma were both high, FSWs were forced 

to make change and increase their control of information over their personal social 

networks. Unfortunately, since we only have cross-sectional data on FSWs’ 

psychological characteristics, we could not observe the change on FSWs’ social 

networks. Longitudinal data is needed to further investigate the impact of these larger 

societal factors on FSWs’ social networks. 

 The main advantage of this study was that it examined a unique perspective of the 

influence of culture and social stigma on the social networks of a highly marginalized 

population. In addition to the traditional network measurements, such as social support, 

network size and network trust, we utilized some novel structural measurements to 

further understand the process of social capital. The multicenter study design also gave us 

the advantage of studying with-in culture heterogeneity. Besides the individual level 

measurements of collectivism, the three different cities also differed significantly on their 

level of collectivism. Based on the rice theory, Nanning, Hefei and Qingdao conveniently 

located at rice farming, mixed and wheat-farming regions and presumably had high, 

medium and low level of collectivistic tendency respectively (185). We had a relatively 
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large variation of individual’s level of collectivism compared to other single-centered 

study. This variation could also serve as a proxy as collectivism measurements. As 

depicted in Table 5-3, the association between study sites and network measurements was 

at the same direction as the individual-level measurements. There were several 

limitations to this study. First, because of the limitations of the questionnaire, only 

individual’s collectivistic tendency towards friends were collected. Second, FSW’s 

egocentric social networks were only collected through FSWs’ themselves. No alter was 

interviewed during the data collection. The network structural measurements were 

calculated regardless of the strength of the relations. Information bias might exist due to 

social desirability. Third, this finding was only based on a cross-sectional study design, 

no causal inference could be drawn from the data. Forth, recall bias may take place as 

FSWs may not accurately report the size of network. FSWs may underreport their 

perceived stigma due to social desirability bias. Although respondent-driven sampling 

method is considered as one of the best strategies to recruit marginalized populations, the 

recruited sample is still intercorrelated, which can inflate the Type I error rate.  

5.5 Conclusion 

This study provides much needed data on how Chinese collectivistic culture 

interacts with social stigma and how these factors jointly influence the social networks of 

FSWs’ in China. These findings contributed to our knowledge by providing a possible 

explanation of how these cultural and societal factors influenced the FSW’s choice to 

optimize their social networks. 
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Table 5-1: Descriptive Analysis for Egos  
Nanning Hefei Qingdao Total  
N=418 N=407 N=420 N=1245 

Continues Variables Mean (SD) Mean (SD) Mean (SD) Mean (SD) 
  Age(years) 38.25(3.74) 39.53(5.07) 42.41(6.32) 40.07(5.44) 
  Duration of sex work (years) 3.76(2.75) 2.11(2.19) 6.46(3.90) 4.13(3.53) 
  Collectivism 30.23(8.56) 24.54(7.65) 29.07(7.36) 27.98(8.24) 
  Occupational Stigma 15.58(1.88) 16.78(3.31) 16.84(3.07) 16.39(2.88) 
Network Characteristics     
 Function of Social Network     
  Total Support 67.52(35.51) 50.96(26.03) 39.86(21.90) 52.78(30.60) 
 Structure of Social Network     
  Effect Size 3.50(1.97) 2.74(1.73) 2.20(1.30) 2.81(1.77) 
  Constraint 0.49(0.23) 0.56(0.27) 0.61(0.26) 0.55(0.26) 
  Ego betweenness 15.64(17.35) 9.54(13.35) 5.08(7.54) 10.08(14.03) 
  Density 0.48(0.30) 0.50(0.37) 0.55(0.35) 0.51(0.34) 
  Network Size 5.69(2.58) 4.50(2.30) 3.84(1.69) 4.67(1.77) 
 Network Characteristics     
 Average Network Trust 3.03(0.47) 2.96(0.64) 2.90(0.65) 2.96(0.60) 
Categorical Variables N (%) N (%) N (%) N (%) 
Education 

    

  Primary or Less 151(36%) 202(50%) 193(46%) 547(43%) 
  Middle School 213(51%) 171(42%) 193(46%) 577(47%) 
  High School 54(13%) 34(8%) 34(8%) 122(10%) 
Marital Status 

    

  Unmarried 52(12%) 47(12%) 17(4%) 116(9%) 
  Married 237(57%) 226(56%) 147(35%) 610(49%) 
  Divorced or Widowed 129(31%) 134(33%) 256(61%) 520(41%) 
Residency 

    

  Urban 103(25%) 162(40%) 115(27%) 380(31%) 
  Rural 315(75%) 245(60%) 305(73%) 865(69%) 
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Table 5-2: Linear Regression Analysis 

Collectivism (Standardized) 
Standardized 

Dependent Variables 
Bivariate b 
(95% CI) 

Adjusted b* 
(95% CI) 

Adjusted  
P-value 

Total Support -0.15 
(-0.25, -0.04) 

-0.18 
(-0.33, -0.04) 

0.01 

Average Trust 0.07 
(0.00, 0.14) 

0.09 
(0.01, 0.17) 

0.03 

Ego Constraint^ 0.14 
(0.05, 0.22) 

0.16 
(0.05, 0.26) 

0.01 

Effective Size^ -0.16 
(-0.24, -0.09) 

-0.20 
(-0.30, -0.01) 

0.00 

Ego betweenness^ -0.18 
(-0.27, -0.09) 

-0.21 
(-0.33, -0.09) 

0.00 

Density 0.05 
(-0.02, 0.11) 

0.06 
(-0.01, 0.23) 

0.07 

Network Size^ -0.21 
(-0.33, -0.09) 

-0.25 
(-0.39, -0.12) 

0.00 

Occupational Stigma (Standardized) 

Total Support -0.13 
(-0.21, -0.05) 

-0.83 
(-0.14, -0.02) 

0.01 

Average Trust -0.04 
(-0.23, -0.05) 

-0.03 
(-0.11, 0.05) 

0.37 

Ego Constraint 0.05 
(-0.05, 0.15) 

0.02 
(-0.07, 0.10) 

0.69 

Effective Size -0.09 
(-0.19, 0.22) 

-0.05 
(-0.13, 0.04) 

0.24 

Ego betweenness -0.06 
(-0.15, 0.03) 

-0.03 
(-0.10, 0.03) 

0.29 

Density 0.01 
(-0.11, 0.12) 

-0.01 
(-0.12, 0.10) 

0.80 

Network Size -0.10 
(-0.20, 0.01) 

-0.05 
(-0.13, 0.02) 

0.13 

All dependent variables were separately estimated. Both dependent variables 
and primary independent variables were standardized in model fitting. 
*Models were adjusted for age, education, marital status, duration of sex 
work, urban-rural migrant status and study sites. 
^Variables were still significant at Bonferroni corrected alpha level= 0.007. 
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Table 5-2: Linear regression Analysis with Interaction Effects 

Dependent Variables 
Total Support 

(95% CI) 
Average Trust 

(95% CI) 
Ego Constraint 

(95% CI) 
Effective Size 

(95% CI) 
Ego Betweenness 

(95% CI) 
Age 
(Standardized) 

-0.01 
(-0.03,0.01) 

0.01 
(-0.01, 0.02) 

0.08 
(0.00, 0.017) 

-0.08 
(-0.17, 0.00) 

-0.03 
(-0.09. 0.03) 

Duration of sex work 
(Standardized) 

0.04 
(0.00, 0.07) 

0.02 
(0.00, 0.04) 

-0.06 
(-0.15, 0.17) 

0.06 
(-0.05, 0.016) 

0.02 
(-0.06,0.10) 

Education      
  Primary or Less Reference 
  Middle School 0.28 

(0.15, 0.40) 
0.07 

(-0.17, 0.32) 
-0.24 

(-0.40, -0.07) 
-0.20 

(-0.04, 0.37) 
-0.15 

(-0.01, 0.31) 
  >High School 0.29 

(0.08, 0.49) 
0.06 

(-0.15, 0.28) 
-0.27 

(-0.51, -0.02) 
0.23 

(0.00, 0.46) 
0.07 

(-0.09, 0.22) 
Residency      
  Local Urban  Reference 

  Migrant Rural  0.10 
(-0.05, 0.24) 

0.14 
(-0.10, 0.38) 

0.02 
(-0.21, 0.24) 

-0.03 
(-0.22, 0.16) 

-0.07 
(-0.23, -0.08) 

Marital Status      
  Unmarried Reference 
  Married 0.14 

(-0.05, 0.32) 
0.05 

(-0.27, 0.37) 
0.03 

(-0.27, 0.32) 
0.04 

(-0.20, 0.28) 
0.08 

(-0.16, 0.31) 
  Widowed/Divorced 0.10 

(-0.08. 0.29) 
0.13 

(-0.26, 0.52) 
0.11 

(-0.14, 0.35) 
0.05 

(-0.21, 0.31) 
0.11 

(-0.14, 0.36) 
City      
   Nanning Reference 
   Hefei -0.52 

(-0.81, -0.24) 
0.06 

(-0.23, 0.35) 
0.30 

(0.02, 0.58) 
 -0.48 

(-0.82, -0.14)   
-0.50 

(-0.85, -0.14) 
   Qingdao -0.85 

(-1.26, -0.44) 
-0.21 

(-0.75, 0.34) 
0.46 

(0.17, 0.75) 
-0.65 

(-1.01, -0.30) 
-0.69 

(-1.04, -0.34) 
Sociocultural Factors      
Collectivism 
(Standardized) 

-0.39 
(-0.78, -0.01) 

0.10 
(0.03, 0.17) 

0.16 
(0.05, 0.27) 

-0.20 
(-0.29, -0.11) 

-0.21 
(-0.33, -0.10) 

Stigma 
(Standardized) 

-0.18 
(-0.31, 0.04) 

-0.03 
(-0.11, 0.04) 

-0.01 
(-0.09, -0.06) 

0.00 
(-0.06, 0.06) 

-0.02 
(-0.03, 0.07) 

Interaction Term1 0.27 
(-0.07, 0.60) 

0.06 
(0.00, 0.12) 

-0.02 
(-0.11, 0.07) 

0.07 
(-0.02, 0.15) 

0.08 
(0.02, 0.14) 

1. The interaction term is the product of standardized collectivism and standardized social stigma.  
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Figure 5-1: Effects of Collectivism on Average Network Trust 

 

Standardized collectivism level was sliced based on 25%, 50% and 75 % quantiles. 
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Figure 5-2: Effects of Collectivism on Network Betweenness
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Appendix 

Occupational Stigma Measurements:  

Participant responses were ranked on a four-point scale ranging from (0) ‘strongly 

disagree’ to (3) ‘strongly agree.’ Scores were summed with a range of 0–24. The 

questions used to ask occupational stigma are: 

Do you agree with the following statements about mid-age female sex workers(miss)?  

Table 5-4: 8-item Scale to Assess FSWs' Occupational Stigma 
1.My none-FSW friends would stop being friends with me if they knew my job. 
2. People around me (colleagues or neighbors) would rebel me if they knew my job. 
3. My none-FSW friends would look down to me if they knew my job. 
4. People around me (colleagues or neighbors) would look down my family me if they knew my job. 
5. My family would “lose face” if they knew my job. 
6. My family’s reputation would be compromised if they knew my job. 
7. My husband or boyfriend would leave me if he knew my job. 
8. My children would be ashamed of me if they knew my job. 
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Collectivism Measurements: 

In order to maintain a good friendship with your friends, which of the following 

items is most important to keep a good relationship?  (0 not at all important; 1 somehow 

important; 2 important; 3 very important; 4 extremely important). 

 
Table 5-5: 15-Item Scale used to Assess Collectivism towards Friends (113) 
1. Maintain self-control toward them 
2. Share credit for their accomplishments. 
3. Share blame for their failures. 
4. Respect and honor their traditions and customs. 
5. Be loyal to them 
6. Sacrifice your possessions for them 
7. Respect them 
8. Maintain harmonious relationships with them.  
9. Nurture or help them. 
10. Maintain harmonious relationships with them. _ 
11. Maintain a stable environment (e.g., maintain the status quo) with them. 
12. Cooperate with them. 
13. Communicate verbally with them. 
14. "Save face" for them. 
15. Follow norms established by them. 
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Table 5-6: Linear Regressions using Occupational Stigma to predict Social Support by different Sources 
Source of Social Support Occupational Stigma 
FSW friends -0.04(-0.10, 0.02) 
Family Members 0.01 (-0.10, 0.12) 
Clients -0.10 (-0.26, 0.05) 
Boyfriends* -0.07 (-0.12, -0.02) 
non-FSW Friends 0.04 (-0.04, 0.11) 
Gatekeepers* -0.08 (-0.16, -0.01) 
Relatives -0.01 (-0.06, 0.04) 
 Age, duration of sex work, education, rural-urban residency, marital status and study site were adjusted in 
the model fittings 
*P value was not significant at Bonferroni corrected alpha level (0.007).  
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Chapter 6:  Conclusion 
 

Social networks have proven to be a useful tool in understanding disease spread and 

human behaviors. The idea of a social network forces people to look beyond the 

problems at an individual level and connecting individuals with the bigger world. The 

resources, connections, and opportunities embedded in people’s social network determine 

their chances of success. An 18-year old black schoolgirl from South Africa is at higher 

risk of HIV infection than a 40-year old female sex worker in from China simply because 

she is more likely to meet with a HIV positive man. For vulnerable populations who 

cannot access public resources easily, social networks become their only source of 

support and influence. Social networks determine their health and well-beings. 

Although social network research in HIV/AIDS is much needed, the challenges in 

designing appropriate social network studies among vulnerable populations cannot be 

easily resolved. Our systematic review found that traditional sampling strategies, 

interview processes, and ethnographical work cannot effectively identify the whole 

network. The level of precision that the data is required to model social networks cannot 

be met by these questionnaire data alone. It is almost impossible to interview the sexual 

partners of FSWs because of the heterogeneity of this population. Unlike MSM or IDU 

networks, which are predominantly comprised of a behavioral homogenous population, 

the clients of FSWs are made up of a complex combination of other high-risk 

populations, such as IDUs, migrant workers, men who visit prostitutes at regular basis, 

etc., and the general populations, such as men who visit prostitute occasionally or 

socially. According to the National Survey of Sexual Attitudes and Lifestyles, a 

probability sample survey of the British population, 11% of the male participants 
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reported to ever having paid for sex by female sex workers in their lifetime, and they did 

not count FSWs as their sexual partners when they reported their number of lifetime 

sexual partners (192). These male clients and their associated are almost impossible to 

observe in research settings. 

In addition to the potential HIV transmission ties, social influence is another 

important aspect of social networks. In 19th century, Emile Durkheim observed that 

although the population of Paris renewed itself rapidly, the suicide rates in Paris remained 

constant over the years (193). Individual’s health choice is not only determined by their 

own choice, but also heavily influenced by the existing social structural and relational 

characteristics around them. Using social network methods, we could explore the 

potential mechanism of how social networks might influence a person’s health choice. In 

most of the previous literature, social support is believed to be beneficial for an 

individual’s health outcome. However, in manuscript 2, we found that the amount of 

social support was not associated with the uptake of HIV testing behavior among Chinese 

FSWs. A large and cohesive social network was the key to behavioral change among 

FSWs. Social support could provide tangible resources for an individual to help them be 

in better health. For example, if an FSW needs to visit a doctor, a social support contact 

may drive her to the clinic. Unfortunately, these types of help may not be sufficient to 

facilitate behavioral change. Positive reinforcements, positive social norms and stable 

social environment are essential to improve a FSWs’ self-esteem, social competence and 

self-efficacy, and eventually will lead to positive behavioral changes. This finding 

provide additional empirical evidence on how social networks might change individual’s 

health behaviors.  
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Social network is a reciprocal process. In order to receive social support or be a part 

of the social norms, individuals need to provide similar support to their social contacts. 

Therefore, although a large and cohesive social network may provide substantial benefits 

for FSWs, their ability to maintain a social network may be limited to their resources and 

cultural beliefs. Chinese culture is known to be in favor of smaller and cohesive social 

groups, which could limit FSWs willingness to secure a large social network. In 

manuscript 3, we found that Chinese mid-age FSWs who had higher levels of 

collectivistic tendency were more likely to have smaller social networks, received less 

social support and were more likely to have a denser network. However, this preference 

of denser social network may not be ideal for highly stigmatized FSWs. The influence of 

collectivism on FSWs’ social networks was attenuated by their perceived level of social 

stigma. If collectivistic FSWs perceived high level of social stigma related to their sex 

work, they were more likely to maintain a sparser network which they had more control 

over it.  

This dissertation added to the current literature on the association between social 

networks and HIV among FSWs by providing a review on its method applications and 

provided interesting empirical evidence on how social networks may influence FSWs’ 

HIV preventive behaviors and the root of the social network. 
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