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A B S T R A C T   

Timely initiation of and adherence to antiretroviral therapy (ART) is critical for improving HIV outcomes and 
reducing HIV transmissibility. Social networks, or the social relationships individuals have with each other, have 
been linked with positive health outcomes, but less is known about the extent to which social network 
composition and structure are associated with improved ART adherence among people living with HIV (PLWH). 
We conducted an ego-centric network study among 828 previously ART-naïve PLWH presenting for ART initi-
ation at 11 clinics in Mbarara, Uganda (rural population) and Gugulethu, South Africa (peri-urban population). 
We collected social network data using name generator and name interpreter questions. ART adherence was 
monitored over 12 months using wireless monitors (Wisepill). Our primary outcome of interest was ART 
adherence during the 12-month follow-up period. We used generalized linear models to estimate the associations 
between network measures and ART adherence. PLWH at the Uganda site (compared with the South Africa site) 
were less isolated, had larger social networks, and had more social ties providing sufficient social support; they 
were also more likely to bridge different social groups whereby not all social ties were connected to each other. In 
Uganda, social isolation was associated with a 5.5 percentage point reduction in ART adherence (95% confidence 
interval [CI] − 9.95 to − 1.13; p = 0.014), while having more same gender social ties was associated with higher 
ART adherence (b = 0.13, 95% CI 0.02–0.25, p = 0.025). In South Africa, there was no association between 
social isolation and ART adherence, and having more friendship ties (vs. family ties) was associated with lower 
ART adherence (b = − 2.20, 95% CI − 3.56 to − 0.84; p = 0.002). Identifying and supporting PLWH who are 
isolated may facilitate optimal adherence, but understanding how networks differentially affect ART adherence 
by country context is important.   
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1. Introduction 

Timely initiation of, and adherence to, antiretroviral therapy (ART) 
is critical for slowing disease progression (Bangsberg et al., 2001); 
improving health outcomes and survival (Mills et al., 2011; Wood et al., 
2003); and, by achieving viral suppression, reducing transmissibility, 
and helping to achieve the goal of ending the HIV epidemic (Boender 
et al., 2015; Eisinger et al., 2019; Nachega et al., 2007; Prevention Ac-
cess Campaign, 2022; United Nations, 2016). Yet people living with HIV 
(PLWH) face significant barriers to adherence, including poverty, food 
insecurity, geographic isolation, stigma, and misconceptions about ART 
(Hlongwa et al., 2022; Katz et al., 2013; Lankowski et al., 2014; Mills 
et al., 2006; Mukherjee et al., 2006; Siedner et al., 2013; Tsai et al., 
2013; Weiser et al., 2014). 

Social networks are generally understood as the complex structure of 
relationships linking individuals to each other (Marsden, 2000). They 
can potentially affect ART adherence in several different ways (Brown 
et al., 2020; Chen et al., 2021). To guide our analytic approach, we 
adapted the Berkman et al. (2000) framework on social networks and 
health, to demonstrate the potential relationships between network 
mechanisms, barriers to ART adherence, and the health outcomes of 
interest (Fig. 1). First, there is substantial evidence that social support is 
an important determinant of ART adherence (Campbell et al., 2020; 
Heestermans et al., 2016; Kagee et al., 2011; Tsai & Bangsberg, 2011). 
Social networks can serve as conduits for the transmission of different 
types of social support, including informational support, instrumental 
support (e.g. financial support, transportation assistance), or emotional 
support (Berkman et al., 2000; Cohen & Wills, 1985; Pearlin & Anes-
chensel, 1986; Weiss, 1974). These forms of support can help PLWH 
overcome barriers to adherence (Ajuna et al., 2021; Anonymous, 2020; 
Mukherjee et al., 2006; Ware et al., 2009). However, PLWH can only 
activate these sources of social support (Perry & Pescosolido, 2015) once 
they have disclosed their serostatus to people in their social networks 
(Klitzman et al., 2004; Maman et al., 2014; Nam et al., 2008; Smith et al., 

2008). Social networks can also affect ART adherence through other 
channels, including changing behaviors via social influence resulting 
from having social ties with others living with HIV and who are taking 
ART (Enriquez et al., 2014; Gusdal et al., 2011; Sasaki et al., 2012); 
conveying perceptions of normative behaviors around ART adherence 
(Perkins, Kakuhikire, Baguma, Rasmussen, et al., 2022); and providing 
opportunities for social engagement which can affect self-efficacy (Mi 
et al., 2020). 

Social network theory suggests that the effect of social networks on 
ART adherence will depend on the social network characteristics of 
PLWH and will operate through social support, influence, social norms 
and/or social engagement. The social network characteristics of PLWH 
will depend on whether they disclose their serostatus to their social 
networks, their sociability, including tendencies to self-isolate and de-
cisions about tie formation or dissolution. Certain network characteris-
tics capture social support provided by social networks, whereas other 
characteristics proxy for social influence operating through networks. 
Network measures for social support include: isolation (having no social 
network), out-degree (network size), density, transitivity (friends being 
friends with each other), and the number of network ties by character-
istic (e.g., number of family ties, friend ties, same-gender ties, ties to 
other PLWH, ties to PLWH on ART). For example, larger networks may 
offer more opportunities for informational, emotional and financial 
support to overcome adherence barriers, such as transportation costs to 
the health facility. In constraint, network measures capturing social 
influence including social norms can be represented by: percentage of 
ties by different characteristics (e.g. percentage of same gender ties, 
percentage of ties to PLWH), constraint in the network (having redun-
dant ties all associated with each other implying less access to diverse 
influence), and betweenness (bridging different social groups). The ef-
fect of social influence on ART adherence will depend on the attitudes, 
beliefs and behaviors of the more prominent group within the network 
(captured by the percentage of ties with various characteristics). Social 
influence is likely to affect beliefs about ART, as well as stigma. There is 
little research about the extent to which social network characteristics 
relate to ART adherence. Understanding how network structure and 
composition are associated with ART adherence would provide a foun-
dation for designing interventions that target certain network charac-
teristics (e.g., social isolation) to facilitate the maintenance of high ART 
adherence. 

To address these gaps in the literature, we conducted an ego-centric 
network study among PLWH in rural Uganda and peri-urban South Af-
rica who were ART-naïve at study initiation and followed over 12 

Abbreviations 

ART antiretroviral therapy 
PLWH people living with HIV  

Fig. 1. Conceptual framework relating social network mechanisms and the barriers to ART adherence.  
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months with electronic adherence pill containers. Egocentric networks 
were used to represent social relationships from the perspective of each 
individual study participant (ego) and their perceptions of their ties to 
other individuals (alters) with whom they identified having relation-
ships (Burgette et al., 2021). We expected to observe greater adherence 
among PLWH whose networks were characterized by less isolation, 
higher out-degree, higher density, lower constraint and higher 
betweenness (meaning greater access to different social groups), and 
more PLWH within those networks. 

2. Materials and methods 

2.1. Study setting and participants 

Study participants were recruited from 11 clinics serving different 
catchment areas in Uganda and South Africa, two countries with 
generalized and mature HIV epidemics. We briefly described the study 
procedures here; a more detailed description has already been published 
(Haberer et al., 2019). In Uganda, the clinic settings were in Mbarara, a 
largely rural area approximately 275 km from Kampala where HIV 
prevalence is approximately 8%. In South Africa, the clinic settings were 
in the peri-urban settlement of Gugulethu, near Cape Town, where HIV 
prevalence is approximately 17%. Food and water insecurity are prev-
alent in both settings (Mushavi et al., 2020; Perkins et al., 2018; Tsai 
et al., 2016). Recruitment focused on both people initiating ART with 
asymptomatic early-stage HIV infection (CD4 > 350 cells/μL) as well as 
people initiating ART at later stages of HIV infection (CD4 < 200 
cells/μL). Enrollment occurred from March 2015–September 2016, with 
follow-up through October 2017. The inclusion criteria for the study 
were: ART-naïve and initiating ART within 28 days of enrolment, 18 
years of age or older, living within 60 km of clinic, and intention to stay 
in the study catchment area for at least one year. Pregnant participants 
were less than 35 weeks gestation at enrollment. 

2.2. Study procedures and data collection 

Study participants were surveyed at baseline (at ART initiation), 6 
months, and 12 months, during study visits that took place where par-
ticipants received routine HIV care. The study provided participants 
with standard first-line ART (once-daily tenofovir/emtricitabine/efa-
virenz in a single pill). ART regimen changes were rare but were guided 
by clinician judgment. At each study visit, participants answered survey 
questions administered by research assistants on handheld tablets. 
Surveys were conducted in the participants’ preferred language (En-
glish, Runyankole, or Xhosa). 

Adherence to ART was monitored in real time using a wireless pill 
container (Wisepill Technologies, South Africa) (Haberer et al., 2017, 
2019). Each time the device was opened, a date- and time-stamp was 
recorded and transmitted over the cellular network; each day, the pill 
container also emitted a signal to confirm to the server its continued 
functionality (i.e., to confirm that a lack of opening signals represented 
lack of use rather than a dead battery or other problems with function). 
Participants were instructed to keep only their ART in the device and to 
remove pills one at a time. 

Surveys included a broad set of questions eliciting socio- 
demographic characteristics, structural barriers to care (where scale 
values ranged from 0 to 52, with higher scores representing more bar-
riers [Coetzee & Kagee, 2013]), food insecurity (Household Food Inse-
curity Access Scale (Tsai et al., 2012)), HIV stigma (where scale values 
ranged from 1 to 4, with higher scores representing more stigma; 
adapted from the Berger et al. (2001) HIV Stigma Scale [Jeyaseelan 
et al., 2013]), HIV disclosure, concerns about ART (measured as high, 
moderate or low [Horne & Weinman, 1999]), medical mistrust (where 
scale values ranged from 1 to 4, with higher scores representing more 
mistrust [LaVeist et al., 2009]), exchange of money for sex, mental and 
physical health (Medical Outcomes Study-HIV [Stangl et al., 2012]), 

hazardous alcohol use (3-item consumption subset of the Alcohol Use 
Disorders Identification Test [AUDIT-C] [Bush et al., 1998]), and ciga-
rette use. 

At the baseline study visit, social network data were collected using 
an egocentric approach: study participants (i.e., egos) were asked to 
identify social ties (i.e., alters) using name generator questions (Mars-
den, 1990), and then they were asked to provide data about each of the 
alters so enumerated. For the name generator, each study participant 
was asked to list all adults they had personally communicated with in 
person, by phone, by email, or by short message service (SMS) over the 
last 6 months. They were prompted to start with the most important 
person and list all different types of social relations (e.g., family, rela-
tives, friends, acquaintances, neighbors, etc.). For each alter so 
enumerated, participants were asked: the alter’s gender, their relation-
ship with the alter, their level of trust in the alter (measured using a 
single item scale with values ranging from 1 to 10, with 1 denoting “No 
trust in this person” and 10 denoting “Complete trust in this person”), 
frequency of emotional and instrumental support received from the alter 
(each measured using a 4-point Likert-type scale, with values ranging 
from “as much as I would like” to “never”), whether the ego thought that 
the alter knew the ego’s HIV status, their perception of the alter’s HIV 
status, and (for alters thought to be living with HIV) the ego’s perception 
of whether the alter was taking ART. To capture alter-alter ties, partic-
ipants were also asked about the frequency of contacts between each 
alter-alter pair (with responses included: rarely, sometimes, often, or 
don’t know). 

2.3. Statistical analysis 

2.3.1. Data cleaning 
There were 904 individuals enrolled in the study. Our primary 

outcome of interest was ART adherence across the 12-month follow-up 
period. There were 869 study participants with adherence data. By the 
12-month follow-up, 64 PLWH had disenrolled, and 3 had missing 
adherence data. The final analytic sample for this study (used for pre-
senting summary statistics and regression analyses) consisted of 828 
study participants (Uganda, N = 449; South Africa, N = 379). 

Among the egos, 249 were isolates (i.e., had no named alters); 114 
from the Uganda sites and 135 from the South Africa sites. Network 
science researchers are commonly faced with the task of determining 
whether egos who named no alters in response to a name generator 
question are true isolates or whether these observations have resulted 
from interviewer and/or participant learning that they will answer 
fewer survey questions if they report no ties (Harling et al., 2018; Paik & 
Sanchagrin, 2013). We examined the proportion of isolates enumerated 
by specific research assistants: in Uganda, one research assistant inter-
viewed a significantly higher proportion of isolates compared to the 
other research assistants; in South Africa, two research assistants had a 
significantly lower proportion of isolates than the others. In our models, 
we included research assistant fixed effects to adjust for potential con-
founding due to differences in interviewer behavior (Harling et al., 
2018). 

2.3.2. Data analysis 
Our primary outcome of interest was ART adherence over the 12- 

month period, measured as a continuous variable capturing percent-
age adherence across the 12 months of follow-up data. Adherence was 
calculated as the number of Wisepill opening events received divided by 
the number of Wisepill opening events expected for the 12-month 
follow-up (capped at 100% per day and censored at death). For partic-
ipants lost to follow-up (defined as no contact despite multiple attempts 
through 13 months after enrolment), adherence was calculated either 
until the device stopped transmitting data or until the last scheduled 
study visit – whichever came first. 

Our primary explanatory variables included a broad set of social 
network structure and composition measures computed from the 
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baseline network data. Among the full set of egos, we generated a binary 
variable for isolation, taking a value of 1 if the ego nominated no alters 
and 0 if the ego nominated 1 or more alters. Among the sub-sample of 
egos who were not isolates, we generated a suite of network variables 
following Perry et al. (2018). The measures were grouped according to 
their potential mechanism of action (Table 1). We selected social 
network variables to identify those that proxy for social support 
(informational, emotional, or financial) versus social influence. Most of 
the social support measures would alleviate structural barriers, stigma 
and maladaptive coping. For example, being socially isolated will 
remove opportunities to access financial support for transportation to 
clinic or instrumental support for childcare needs. Social isolation may 
also aggravate anticipated, enacted or internalized stigma. In contrast, 
social networks composed of a greater proportion of same gender ties 
will give more influence to the prevailing norms, attitudes and beliefs of 
same gender ties and the association is ambiguous. A greater proportion 
of ties to PLWH or to PLWH on ART will give more influence to those 
ties’ beliefs about the necessity of ART. 

2.3.2.1. Social support. Measures of potential or received social support: 
out-degree (i.e., number of alters nominated by ego), number/percent-
age of alters nominated by ego who are family, who are friends, to whom 
the ego disclosed their HIV status (respectively), whether partnered 
(yes/no), density (i.e. percentage of all possible social ties of an ego 
which exist), transitivity (i.e., ego’s social ties are also ties with each 
other), number/percentage of alters nominated by ego providing 
emotional support “as much as needed”, number/percentage of alters 
nominated by ego providing instrumental support “as much as needed”, 
and average level of trust in ties (ranging from 0 for “no trust” to 10 for 
“complete trust”); number of same gender ties, number of alters nomi-
nated by ego thought to be living with HIV, and number of alters 
nominated by ego thought to be on ART. 

2.3.2.2. Social influence. Measures of potential social influence: number of 
alters thought to be living with HIV as a percentage of total out-degree 
(i.e. total alters named by ego), number of alters thought to be on ART as 
a percentage of total out-degree, number of same gender alters nomi-
nated by ego as a percentage of total out-degree, constraint (the extent to 
which a person’s network is concentrated with redundant contacts and 
less evenly distributed (Burt [1992], i.e., “all my friends know each 
other”), and betweenness (number of times a node is needed for the 
shortest path between two nodes, i.e., they bridge different social groups 
[Freeman, 1977]). 

We first presented summary statistics for social network measures by 
country. We conducted bivariate comparisons to assess differences by 
country using a Wilcoxon rank sum test. We then used generalized linear 
models with a Gaussian distribution, given that the ART adherence 
outcome was specified as a continuous variable, to estimate the rela-
tionship between ART adherence and social network measures. Since 
the outcome variable was right-skewed, we used bootstrapping with 
1000 replications to obtain bootstrapped standard errors and reported 
normal-based 95% confidence intervals. We conducted the analyses 
separately by country. First, we estimated the association between ART 
adherence and social isolation using the full sample. Then, we restricted 
the sample to non-isolated individuals. For each analysis, we fitted 
separate regression models for each network measure, adjusting for 
covariates following Haberer et al. (2019) including research assistant 
fixed effects. 

2.4. Ethics 

All study participants provided written informed consent. The study 
was approved by the institutional review boards at Mass General Brig-
ham, Mbarara University of Science and Technology, the University of 
Cape Town, and Western Cape province in South Africa. In Uganda, 

Table 1 
Social network measures, definitions, and expected effect on ART adherence.  

Social 
network 
mechanisms 

Social 
network 
measures 

Network 
measure 
calculation 

Hypothesized 
mechanisms 

Expected 
association 
with ART 
adherence 

Social 
support 

Isolation (0/ 
1) 

Binary 
measure 
equal to 0 if 
ego 
nominated no 
alters in name 
generator and 
equal to 1 if 
ego 
nominated 1 
or more alters 

Lack of social 
support 
(financial 
support to get to 
clinic; 
instrumental 
support with 
childcare); 
Greater stigma 
(anticipated, 
enacted and/or 
internalized); 
More 
maladaptive 
coping 

Negative 

Out-degree 
(network 
size) 

Total number 
of alters 
nominated in 
name 
generator 
question 

Greater social 
support 
(financial, 
emotional, 
informational); 
Less stigma 

Positive 

Density (%) Total number 
of network 
ties in the ego 
network/ 
Total number 
of possible 
network ties 
in the ego 
network 

Transitivity Ratio of the 
number of 
triangles in a 
network (A- 
> B; B- > C, 
and A- > C) 
divided by the 
number of 
triples in a 
network (A- 
> B and B- >
C) 

Family ties 
(n) 

Total number 
of alters who 
are family 

Friend ties 
(n) 

Total number 
of alters who 
are friends 

Same gender 
ties (n) 

Total number 
of alters who 
are of same 
gender to ego 

Ties 
providing 
sufficient 
instrumental 
support (n) 

Total number 
of alters 
providing “as 
much as I 
would like” 
instrumental 
support 

Ties 
providing 
sufficient 
emotional 
support (n) 

Total number 
of alters 
providing “as 
much as I 
would like” 
emotional 
support 

Ties disclosed 
to (n) 

Total number 
of alters to 
whom ego 
disclosed 
serostatus 

(continued on next page) 
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clearance to conduct the study was obtained from the Uganda National 
Council of Science and Technology. The University of California at San 
Francisco relied on Mass General Brigham for IRB approval of the sec-
ondary analysis reported in this manuscript. 

3. Results 

3.1. Characteristics of the sample 

Summary characteristics of the sample are shown in Table 2. Median 
adherence was higher in Uganda compared to South Africa (89% vs. 
65%, p < 0.001 based on a Wilcoxon rank sum test). One of the main 
differences between network structure and composition in Uganda 
versus South Africa was related to social isolation and network size. 
Individuals were less likely to be isolated in Uganda compared to South 
Africa (25% vs. 36%, p = 0.001). They also had larger networks (median 
out-degree = 12 vs. 7, p < 0.001). Among non-isolates, people in Uganda 
still reported larger network size compared to those in South Africa 
(median out-degree = 15 vs. 10, p < 0.001). Networks were less dense in 
Uganda compared to South Africa (0.71 vs. 0.82, p = 0.001). 

In Uganda, social networks were generally characterized by high 
levels of trust, with a median trust score of 7 (interquartile range [IQR], 
6–8). However, only 18% of social ties were described as providing 
sufficient emotional support (“as much as needed”) and 29% were 
described as providing sufficient instrumental support. Similarly, in 
South Africa, social networks were also characterized by high levels of 
trust (median 7, IQR 6–9). Yet only 15% of social ties were characterized 
as providing sufficient emotional support and 14% were characterized 

Table 1 (continued ) 

Social 
network 
mechanisms 

Social 
network 
measures 

Network 
measure 
calculation 

Hypothesized 
mechanisms 

Expected 
association 
with ART 
adherence 

Partnered (0/ 
1) 

Binary 
measure for 
whether ego 
is partnered 

[If partner is 
supportive] 
Greater social 
support 
(financial, 
emotional, 
informational); 
Less stigma 

Ambiguous 

Ties to PLWH 
(n) 

Total number 
of alters 
whom ego 
perceives as 
living with 
HIV 

Greater social 
support 
(financial, 
emotional, 
informational); 
Less stigma; 
Beliefs about 
ART (beliefs 
about necessity, 
dispelling 
myths, 
importance of 
adherence) 

Positive 

Ties to PLWH 
on ART (n) 

Total number 
of alters who 
are taking 
ART (among 
alters whom 
ego perceives 
as living with 
HIV) 

Social 
influence 

Ties to PLWH 
(%) 

Percentage of 
alters whom 
ego perceives 
as living with 
HIV =
number of 
alters 
perceived to 
be living with 
HIV/total 
number of 
alters 

Beliefs about 
ART: More 
influence from 
social norms, 
beliefs and 
attitudes among 
this group (e.g. 
(beliefs about 
necessity, 
dispelling 
myths, 
importance of 
adherence); 
Less stigma 

Positive 

Ties to PLWH 
on ART (%) 

Percentage of 
alters who are 
taking ART 
(among alters 
whom ego 
perceives as 
living with 
HIV) =
number of 
alters 
perceived to 
be taking 
ART/total 
number of 
alters 
perceived to 
be living with 
HIV 

Family ties 
(%) 

Number of 
alters who are 
family/Total 
number of 
alters 

[Depends on 
norms within 
group] Beliefs 
about ART: 
More influence 
from social 
norms, beliefs 
and attitudes 
among this 
group (e.g. 
importance of 
care-seeking); 
Stigma 

Ambiguous 

Friend ties 
(%) 

Number of 
alters who are 
friends/Total 
number of 
alters 

Same gender 
ties (%) 

Number of 
alters who are 
same-gender 
as ego/Total 
number of 
alters 

Ties disclosed 
to (%) 

Number of 
alters to 
whom ego 
disclosed 
serostatus/  

Table 1 (continued ) 

Social 
network 
mechanisms 

Social 
network 
measures 

Network 
measure 
calculation 

Hypothesized 
mechanisms 

Expected 
association 
with ART 
adherence 

Total number 
of alters 

Constraint 
(more 
redundant 
ties) 

Given binary 
network data, 
the reduced 
formula for 
constraint is 
calculated as 
the sum 
across all 
alters of the 
squared term 
for the 
reciprocal of 
ego network 
size (1/N) 
plus network 
density 

Beliefs about 
ART: Less access 
to diverse 
information, 
beliefs and 
attitudes; 
Stigma [depends 
on norms within 
group] 

Negative 

Betweenness 
(bridging 
more nodes) 

For each pair 
of alters 
nominated by 
ego, calculate 
a proportion 
representing 
all shortest 
paths 
between both 
alters that go 
through ego 
divided by 
total number 
of shortest 
paths 
between 
alters; sum 
these values 
for all pairs of 
alters. 

Beliefs about 
ART: Greater 
flow of 
information 
through node; 
potentially more 
diversity in 
information, 
beliefs and 
attitudes; 
Stigma [depends 
on norms within 
group] 

Positive  
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as providing sufficient instrumental support. 
Among non-isolated individuals, those in Uganda were more likely to 

be partnered (68% vs. 32%, p < 0.001). Their networks had fewer 
redundant social ties / lower constraint (i.e., their friends did not all 

know each other). Given that low constraint typically implies high 
betweenness, non-isolated individuals in Uganda also had a higher 
tendency to bridge different social groups. While those in Uganda had 
more ties of the same gender in their networks (median 7 vs. 4, p <
0.001), the proportion of same gender ties in their network was slightly 
smaller (61% vs. 72%, p < 0.001). 

3.2. Associations between social isolation and ART adherence 

In a multivariable regression model fitted to the data from the 
Uganda sample, social isolation was associated with a 5.5 percentage 
point reduction in ART adherence (95% confidence interval [CI] − 9.95 

Table 2 
Social network characteristics of people living with HIV initiating HIV antire-
troviral therapy in Mbarara, Uganda and Gugulethu, South Africa (N = 828).   

Uganda South Africa P-value 

n (%) or Median 
(IQR) 

n (%) or Median 
(IQR) 

Full sample N = 449 N = 379  
ART adherence (%) 89 (76–97) 65 (28-87) <0.001 
Network structure 

Out-degree (n) 12 (0–20) 7 (0–10) <0.001 
Isolate 113 25% 137 36% 0.001  

Sample excluding isolates N = 335 N = 244  
Network structure 

Out-degree 15 (11–20) 10 (7–12) <0.001 
Density 0.71 (0.50–0.93) 0.82 (0.57–1.00) 0.001 
Transitivity 0.83 (0.66–0.95) 0.89 (0.68–1.00) 0.003 
Constraint 0.23 (0.19–0.31) 0.34 (0.25–0.44) <0.001 
Betweenness 0.04 (0.00–0.14) 0.02 (0.00–0.08) <0.001 

Network tie characteristics 
Partnered 187 68% 72 32% <0.001 
Family ties (n) 8 (5–12) 5 (3–7) <0.001 
Percentage of family 
ties (%)  

56%  55% 0.428 

Friendship ties (n) 5 (3–8) 3 (1–5) <0.001 
Percentage of 
friendship ties (%)  

38%  37% 0.408 

Ties to whom HIV 
serostatus has been 
disclosed (n) 

3 (1–8) 2 (1–5) <0.001 

Percentage of ties to 
whom HIV serostatus 
has been disclosed (%)  

37%  36% 0.271 

Ties to PLWH (n) 8 (3–16) 8 (5–10) 0.141 
Percentage of ties with 
HIV (%)  

58%  78% <0.001 

Ties to PLWH on ART 
(n) 

1 (0–3) 1 (0–1) <0.001 

Percentage of ties with 
HIV on ART (%)  

32%  18% <0.001 

Same-gender ties (n) 7 (0–11) 4 (0–8) <0.001 
Percentage of same- 
gender ties (%)  

61%  72% <0.001 

Ties giving sufficient 
emotional supporta (n) 

2 (0–5) 0 (0–2) <0.001 

Percentage giving 
sufficient emotional 
support (%)  

18%  15% <0.001 

Ties giving sufficient 
instrumental supportb 

(n) 

4 (0–7) 0 (0–2) <0.001 

Percentage giving 
sufficient instrumental 
support (%)  

29%  14% <0.001 

Trust in ties 7 (6–8) 7 (6–9) 0.005 

Notes: p-values are associated with comparisons of medians using a Wilcoxon 
rank sum test. ART, antiretroviral therapy; E-I, external-internal; PLWH, people 
living with HIV. 

a For each alter enumerated, this variable takes on a value of 1 if the ego 
replied “as much as I would like” to questions about how much emotional 
support they received from the alter, and 0 otherwise. Response options 
included: “as much as I would like”, “less than I would like”, “much less than I 
would like”, and “never.” 

b For each alter enumerated, this variable takes on a value of 1 if the ego 
replied "as much as I would like" to questions about how much instrumental 
support they received from the alter, and 0 otherwise. Response options 
included: "as much as I would like", "less than I would like", "much less than I 
would like", and "never. 

Table 3 
Correlates of ART adherence, stratified by study site (Mbarara, Uganda vs. 
Gugulethu, South Africa).   

Uganda South Africa 

Isolate − 5.54* − 1.35 
(2.25) (3.89) 

Female 4.26* − 0.73 
(1.91) (4.41) 

Age 0.38** 0.60** 
(0.13) (0.22) 

Number of children − 0.28 0.15 
(0.44) (1.36) 

No formal education 2.00 29.50** 
(3.59) (9.92) 

Literate 1.2 14.38 
(3.13) (12.15) 

Regular income 0.67 3.98 
(2.03) (4.05) 

Employed 5.54 5.52 
(3.39) (3.97) 

Exchange money for sex − 10.71** − 42.52*** 
(3.45) (8.73) 

Structural barrier score − 1.77** − 0.69 
(0.64) (0.38) 

Severe food insecurity − 4.63* − 4.56 
(2.35) (4.04) 

Stigma – perceived negative attitudes towards HIV − 0.02 1.59 
(0.56) (1.07) 

Stigma – disclosure concerns 0.27 0.00 
(0.49) (0.81) 

Disclosed aside from provider 6.79 15.94* 
(4.9) (6.36) 

Disclosed outside of household 0.04 − 2.53 
(2.29) (4.71) 

Necessity of ART − 5.08 2.82 
(2.91) (5.22) 

Medical mistrust 3.10* − 5.03 
(1.54) (6.00) 

Conspiracy 2.74 − 5.77 
(1.71) (5.66) 

Clinic satisfaction 8.43 − 5.36 
(5.15) (4.75) 

Use of medications other than ART 4.05 0.52 
(5.57) (4.83) 

Physical well-being 0.54* 0.71 
(0.22) (0.41) 

Mental well-being 0.19 0.13 
(0.12) (0.24) 

Probable depression 6.00 − 0.23 
(3.6) (5.09) 

Cigarette use − 3.23 − 7.87 
(3.24) (4.28) 

Constant 4.82 23.26 
(23.41) (45.78) 

Observations 430 340 

Note: Table displays estimated regression coefficients (with bootstrapped stan-
dard errors in parentheses) from two multivariable generalized linear models 
with ART adherence specified as a continuous outcome variable, with research 
assistant fixed effects. The estimated coefficient can be interpreted in terms of 
percentage point differences in adherence associated with the covariate. ART, 
antiretroviral therapy. *p < 0.05; **p < 0.01; ***p < 0.001. 
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to − 1.13) (Table 3). Compared with the median adherence of 89% in 
Uganda over the 12-month period, this associational estimate repre-
sented a 6.1% relative reduction in adherence; and relative to the 
standard deviation of 20.3 in this sample, this associational estimate 
represented an effect size of approximately 0.27 standard deviation 
units. Positive physical well-being had a positive association with ART 
adherence (b = 0.54 per point on the MOS-HIV; 95% CI, 0.11–0.97). 
Severe food insecurity had a negative association with ART adherence 
(b = − 4.63; 95% CI, − 9.25 to − 0.02) as did exchanging sex for money 
(b = − 10.71; 95% CI, − 17.47 to − 3.95) and facing a greater number of 
structural barriers to care (b = − 1.77 per point on the structural barriers 
scale, 95% CI, − 3.02 to − 0.51). Age was positively associated with ART 
adherence (b = 0.38 per year, 95% CI, 0.13–0.64) as was being female 
(b = 4.26, 95% CI, 0.53–7.99). Unexpectedly, ART adherence was also 
positively associated with medical mistrust (b = 3.10; 95% CI, 
0.07–6.13). 

In a multivariable regression model fitted to the data from South 
Africa, social isolation did not have a statistically significant association 
with ART adherence (b = − 1.35; 95% CI, − 8.99 to 6.28). Age was 
positively associated with ART adherence (b = 0.60 per year; 95% CI, 
0.16–1.04), as was HIV serostatus disclosure to anyone (b = 15.94; 95% 
CI, 3.47–28.42). Exchanging sex for money was negatively associated 
with ART adherence (b = − 42.52; 95% CI, − 59.63 to − 25.42). Having 
no formal education was positively associated with ART adherence (b =
29.50, 95% CI, 10.07–48.94). 

3.3. Associations between social network structure/composition and ART 
adherence, among non-isolates 

Among non-isolates in Uganda, the only social network measure 
associated with ART adherence was the percentage of same gender ties 
in the social network: a 1 percentage point increase in the percentage of 
same gender ties in the network was associated with a 0.13 percentage 
point increase in ART adherence (95% CI 0.02–0.25) (Table 4). Other 
measures of social network structure and composition were not associ-
ated with ART adherence in Uganda (among non-isolates). 

Among non-isolates in South Africa, each additional friend tie was 
associated with a 2.20 percentage point lower ART adherence (95% CI 
− 3.56 to − 0.84). A 1 percentage point increase in the percentage of 
friend ties was associated with a 0.24 percentage point lower ART 
adherence (95% CI − 0.40 to − 0.08). Two other social network variables 
were weakly associated (p < 0.10) with ART adherence: having a higher 
percentage of same-gender ties (b = − 0.20; 95% CI − 0.40 to 0.01; p =
0.07) and betweenness (b = − 3.05; 95% CI − 6.25 to 0.15; p = 0.062). 

4. Discussion 

In this multi-site cohort study of PLWH in rural Uganda and peri- 
urban South Africa, we collected ego-centric network data to under-
stand how social network characteristics were related to ART adherence 
and to understand whether differences in network structure and 
composition existed by country. One of the main differences that we 
identified was that PLWH in Uganda were less likely to be socially iso-
lated compared to those in South Africa. Social isolation was the largest 
network-related predictor of ART adherence in Uganda. However, it had 
no association with adherence in South Africa. We also identified other 
network differences by country: PLWH in Uganda had larger social 
networks, were more likely to be partnered, and had a greater number of 
social ties providing self-perceived sufficient emotional and instru-
mental support. They were also more likely to bridge different groups in 
their networks, which also meant they had more evenly distributed 
networks (i.e., lower constraint from having fewer redundant ties all 
associated with each other) compared to PLWH in South Africa. Only 
certain network characteristics among non-isolated individuals were 
associated with ART adherence. In Uganda, having a greater percentage 
of social ties of the same gender was associated with higher ART 

adherence. In South Africa, having more social ties who were friends 
was negatively associated with ART adherence. Unexpectedly, there was 
no association between ART adherence and having social ties to PLWH 
or those taking ART. 

Table 4 
Social network correlates of ART adherence, among non-isolates, stratified by 
study site (Mbarara, Uganda vs. Gugulethu, South Africa).   

Uganda South 
Africa 

Measures of social support 
Network size and tie characteristics 
Out-degree 0.27 0.19 

(0.31) (0.53) 
Family ties 0.18 1.21 

(0.26) (0.72) 
Friendship ties 0.05 − 2.20** 

(0.27) (0.66) 
Ties to whom HIV serostatus has been disclosed − 0.03 0.21 

(0.19) (0.64) 
Same-gender ties 0.50 − 0.54 

(0.33) (0.62) 
Ties to PLWH 0.15 0.54 

(0.16) (0.53) 
Ties to HIV on ART − 0.13 − 1.16 

(0.68) (1.62) 
Partnered 1.27 2.47 

(2.60) (4.83) 
Tie strength 
Trust in ties 0.03 0.40 

(0.73) (1.10) 
Emotional support   
Ties providing sufficient emotional support 0.22 0.71 

(0.30) (0.88) 
Instrumental support   
Ties providing sufficient instrumental support 0.17 0.33 

(0.21) (0.91) 
Network structure   
Density − 0.07 0.09 

(0.06) (0.08) 
Transitivity − 0.07 0.09 

(0.06) (0.08) 
Measures of social influence   
Percentage of family ties − 0.004 0.11 

(0.05) (0.09) 
Percentage of friendship ties − 0.01 − 0.24** 

(0.05) (0.08) 
Percentage of ties to whom HIV serostatus has been 

disclosed 
− 0.02 0.03 
(0.04) (0.06) 

Percentage of same-gender ties 0.13* − 0.20 
(0.06) (0.11) 

Percentage of ties to PLWH 0.01 0.08 
(0.03) (0.07) 

Percentage of ties to PLWH on ART − 0.01 − 0.08 
(0.04) (0.10) 

Constraint − 0.19 − 0.10 
(0.16) (0.13) 

Betweenness 5.42 − 6.78 
(5.64) (17.80) 

Note: Table displays estimated regression coefficients (with bootstrapped stan-
dard errors in parentheses) from 42 separate generalized linear regression 
models fitted to the subsample of non-isolates, stratified by study site, specifying 
ART adherence as a continuous outcome variable. Each row represents the 
estimated regression coefficient for the specified network measure, adjusted for 
the following covariates: sex, age, number of biological children, education, 
literacy, regular income, employment, exchange of money for sex, structural 
barrier score, severe food insecurity, perceived negative attitudes towards HIV, 
disclosure concerns, disclosure of serostatus to anyone aside from healthcare 
provider, disclosure of serostatus to anyone outside of household, necessity of 
ART, medical mistrust, conspiracy score, clinic satisfaction, use of medications 
other than ART, physical well-being, mental well-being, probable depression, 
cigarette use, and research assistant fixed effects. The estimated coefficient can 
be interpreted in terms of the percentage point difference in adherence associ-
ated with the covariate. ART, antiretroviral therapy; E-I, external-internal; 
PLWH, people living with HIV. *p < 0.05; **p < 0.01; ***p < 0.001. 
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Our primary finding on the importance of social isolation being 
associated with lower ART adherence in Uganda is consistent with the 
evidence on the role of social support in helping PLWH achieve high 
ART adherence (Campbell et al., 2020; Heestermans et al., 2016; Kagee 
et al., 2011; Katz et al., 2013). While there were fewer isolates in Uganda 
than in South Africa, the contribution of social isolation for ART 
adherence was much more significant. The SEARCH study, conducted in 
Uganda and Kenya, found similar results: PLWH in Uganda with low 
social connectedness were less likely to be on ART and less likely to be 
virally suppressed, but the same pattern was not observed among PLWH 
in Kenya (Chen et al., 2021). Having no social network meant in-
dividuals could lose access to critical forms of social support, including 
emotional, financial, informational and appraisal support, which are 
important in overcoming barriers to adherence (Ajuna et al., 2021; 
Mukherjee et al., 2006; Ware et al., 2009; Ware et al., 2020). Research in 
this same geographic location in Uganda confirmed that PLWH in this 
setting relied heavily on bonding networks (family and friends) to 
overcome patient-, medication-, and structural-related barriers to ART 
adherence (Ajuna et al., 2021). High rates of isolation among PLWH 
have been tied to several factors, including anticipated and enacted 
stigma, lower physical and mental health, and lower sociability (Ashaba 
et al., 2017; Takada et al., 2014; Takada et al., 2019). The absence of a 
relationship between social isolation and ART adherence in South Africa 
could be due to social networks in South Africa offering relatively less 
social support. This interpretation would be consistent with our findings 
related to smaller network size and less social support provided by 
network ties in South Africa. It could also be due to other adherence 
barriers being more prominent in South Africa and social support being 
insufficient to overcome them. 

Among non-isolates, the network measures associated with ART 
adherence were different by country. In Uganda, having a social 
network composed of a greater percentage of same-gender ties was 
linked to higher ART adherence, even if those ties did not have HIV. The 
findings suggest that individuals might be most influenced by the pre-
vailing attitudes, beliefs and behaviors of individuals of the same gender 
in their networks. For women living with HIV in our study, this positive 
association may partly be explained by the higher adherence rate among 
women compared to men. This finding contrasts with recent findings in 
Tanzania for related HIV behaviors (i.e. HIV testing), where having more 
women in one’s network contributed to higher testing among men 
(Yamanis et al., 2017). It may be that having a network mainly 
composed of same-gender ties encourages care-seeking and adherence 
because individuals are more likely to access social support from others 
with similar experiences and circumstances by gender. 

At the same time, we found no association between ART adherence 
and having ties to PLWH or PLWH on ART. This null finding is not 
inconsistent with what is known about the relative importance of 
perceived behavioral and attitudinal norms as compared to actual be-
haviors in affecting individuals’ own behavior and attitudes (Perkins, 
Kakuhikire, Baguma, Rasmussen, et al., 2022; Perkins, Kakuhikire, 
Baguma, Rasmussen, et al., 2022; Tsai et al., 2021). These studies have 
found evidence that perceptions of normative behaviors may be 
different from actual behaviors; these differences could explain the 
relatively low perception of ART use among social ties with HIV and, in 
turn, the absence of an association with ART adherence. In the SEARCH 
study, younger PLWH had higher adherence if they had a tie to a 
younger same-age PLWH initiating ART at the same time, but adherence 
was not associated with having a tie to an older youth who had initiated 
ART at the same time (Brown et al., 2020). 

Overall, these findings suggest it is important to have social ties who 
are similar in characteristics (such as gender) to either exert social in-
fluence and/or provide social support for ART adherence. In South Af-
rica, the negative association between ART adherence and the number 
or percentage of friendship ties suggested that social influence and/or 
social support from friends was different from that provided by family. 
There may be a greater reluctance to disclose serostatus to friends versus 

family, and the perceptions of normative behaviors among friends may 
be more influential. Overall, these differences in findings across both 
settings highlighted that network composition could have very different 
implications for behaviors such as ART adherence, depending on the 
underlying context of how individuals relate to and draw on resources 
from their networks. 

The between-country differences that we identified—in terms of 
isolation, network size, and number of ties providing self-perceived 
sufficient social support—may have been partly due to differences in 
urbanicity, in addition to the lasting consequences of apartheid and 
colonization. Study participants in Uganda came from a more rural area 
while those in South Africa were from a peri-urban location. Evidence 
from South Africa has shown that PLWH face significant anticipated 
stigma, and disclosure of their serostatus within their social circles re-
sults in greater social support for some PLWH but greater isolation for 
others (Gilbert & Walker, 2010). Yet, even in Uganda, PLWH in our 
study reported that only a small portion of their social ties were 
providing sufficient emotional or instrumental support. Social support 
has been a crucial determinant of high ART adherence (Campbell et al., 
2020; Heestermans et al., 2016; Kagee et al., 2011; Katz et al., 2013). 
Our findings suggest that, across both contexts, PLWH could benefit 
from receiving more social support from their networks, including 
support to achieve greater engagement in care and high ART adherence. 

Our study’s findings imply not only that we should focus directly on 
alleviating the barriers to ART adherence but also that we can address 
them through interventions via individuals’ social networks. Given the 
importance of social isolation in contributing to sub-optimal ART 
adherence in Uganda, one policy recommendation drawing from 
network interventions is to focus on adding nodes to isolated in-
dividuals’ networks (Valente, 2012). This approach could be done by 
linking PLWH to peer support groups, as has been shown to be effective 
in several contexts (Cataldo et al., 2017; Foster et al., 2017; Phiri et al., 
2017; Sam-Agudu et al., 2014), or by assisting PLWH to activate existing 
network ties (Perry & Pescosolido, 2015). Policy recommendations 
could also include administering screeners when initiating individuals 
on ART to identify those who are socially isolated and targeting them for 
additional peer support. Given our findings related to network compo-
sition, policy recommendations would also include counseling PLWH 
initiating ART to specifically engage with certain social ties (same--
gender ties in Uganda and non-friendship ties in South Africa) given 
these ties’ potential beneficial influence on adherence. 

Interpretation of our findings is subject to several limitations. First, 
the study was based on ego-centric network data, so our measures are 
based on ego perceptions of alter characteristics (e.g., HIV status and 
ART use) rather than confirmed conditions or behaviors. This aspect of 
the egocentric design could have biased many of our estimates toward 
the null. A sociocentric design (Takada et al., 2019) could have miti-
gated this limitation but was infeasible given the large catchment area of 
the HIV clinics and our inability to characterize whole-population net-
works across such a large expanse of geography. Furthermore, there may 
be concern that social network measures are not independent of each 
other (i.e. an ego with a more dense network may also have more 
constraint in their network or may have disclosed their serostatus to 
more alters). We included different measures to distinguish between 
potential mechanisms of action. Second, with network data there are 
typically concerns that measures of social isolation may instead be 
capturing interviewer or study participant learning (i.e., to avoid having 
to administer or answer additional survey questions). We conducted 
additional quality assurance checks with research assistants to confirm 
that they felt study participants were reporting their social networks 
correctly. We included research assistant fixed effects to remove po-
tential biases from the interviewer side. We also used social network 
data from the baseline survey where study participants had no oppor-
tunities to adjust responses based on learning from prior surveys. Third, 
the use of the Wisepill technology provided objective adherence moni-
toring data. However, we may have misclassified non-adherence with 
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non-use of the device (e.g., due to technical malfunction and problems 
with cellular transmission). Nonetheless, adherence data were available 
for 97% of participant-days, and no technical challenges occurred for 
90% of participants (Haberer et al., 2019). 

5. Conclusion 

In conclusion, we found that social isolation was the most significant 
correlate of ART adherence among PLWH in Uganda though there was 
no such association among PLWH in South Africa. These findings suggest 
that it is critical to identify and support PLWH who are isolated in 
Uganda to facilitate optimal adherence. Our findings also highlight how 
different the social context is for PLWH in Uganda compared to South 
Africa and that there were significant differences for which network 
characteristics were associated with ART adherence by context. If we are 
to engage social networks to support optimal ART adherence, it is crit-
ical to understand how these networks affect ART adherence by context 
and social networks’ relative importance for ART adherence. 
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