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Abstract

Our understanding of how community-level context impacts care of persons living with HIV 

(PLWH), including antiretroviral therapy (ART) adherence and retention in care, is limited. The 

objective of this study was to characterize the activity spaces of PLWH from an urban area in 

Southeastern U.S., where the epidemic is among the nation’s highest, and to examine how such 

activity spaces are associated with daily mood and health behaviors. In this small, pilot study, 11 

participants were tracked with a global positioning system (GPS)-enabled application on their 

smartphones for 2 weeks. Activity spaces were created by connecting GPS points sequentially and 

adding buffers. Contextual exposure data (e.g., alcohol outlets) were connected to activity spaces. 

Participants also completed daily diary entry through texts 3 times per day regarding outcomes of 

substance use behaviors, mood, and medication adherence. This yielded a total of 18,007 GPS 

polyline records that we aggregated into 258 person-days that captured discrete occasions of 

exposure to contextual factors and subjects’ behaviors and moods. On average, the participants 

spent 19% of their time awake during the 2-week periods in their residential census tract. 

Exposure to social and built environment factors such as alcohol outlets was greater when 
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participants were outside versus inside their residential census tract. Exposures on daily routes 

were also significantly associated with ART adherence, alcohol consumption, and mood. Findings 

suggest substantial differences between activity spaces and residential contexts. Activity spaces 

are relevant for PLWH and may impact HIV care and behavioral outcomes such as ART adherence 

and substance use.
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1. Background

Although antiretroviral therapy (ART) has greatly reduced HIV-related morbidity and 

mortality (Palella et al., 2006), benefits of therapy require strict adherence, tolerance of side 

effects, and regular access to primary care (Celum et al., 2013; Lima et al., 2007). Retention 

in care among PLWH is low in the U.S. (Marks et al., 2010), and 30% or less achieve 

successful viral suppression (CDC, 2011; Gardner et al., 2011). There is also substantial 

geographic variability and potential regional contextual differences in retention in care 

(Rebeiro et al., 2016). Given that a disproportionate burden of HIV is concentrated in 

socially disenfranchised communities (El-Sadr et al., 2010; Gant et al., 2012; Pellowski et 

al., 2013), a deeper understanding of the day-to-day experiences of PLWH is paramount if 

we are to improve clinical outcomes and the HIV care continuum (the steps from the time a 

person is diagnosed through successful ART to achieve viral suppression) (Auerbach et al., 

2011; Watkins-Hayes, 2014).

Social determinants such as poverty, unemployment, or unstable housing play a significant 

role in successful care, potentially because treatment adherence is difficult when faced with 

having to manage competing challenging life circumstances (Cornelius et al., 2017; Evans 

and Strathdee, 2006; Kalichman et al., 2011, 2006; Takahashi et al., 2001). Of the limited 

neighborhood effect studies among PLWH, most rely on conventional approaches, like 

utilizing census tract of residence, to measure place-based exposures (Bruce et al., 2015; 

Eberhart et al., 2015; Willie et al., 2016). However, residential location may not be the most 

relevant space effecting health outcomes, as individuals are exposed to multiple 

neighborhood contexts outside of their residential neighborhood (Diez Roux, 2001; Diez 

Roux and Mair, 2010; Matthews and Yang, 2013). In response to these limitations, the 

concept of ‘activity space’ has emerged. Activity space research examines all spaces in 

which daily activities occur, providing a more precise measure of place-based exposures 

(Kwan, 2009; Vaughan et al., 2017). Methods to capture such activity space often 

incorporate global positioning systems (GPS), which has been successfully utilized in 

research among older adults, youth (Byrnes et al., 2015; Wan et al., 2013; Wiehe et al., 

2008), and men at risk for HIV (Duncan et al., 2016), among others. GPS can enable more 

precise measurement of socio-spatial activity but has not, to our knowledge, been used to 

measure community exposures of PLWH. Furthermore, while daily diary data collection has 

been used among PLWH to examine daily behavior such as physical activity and alcohol use 

(Barta et al., 2015; Webel et al., 2015), it has not been coupled with GPS.
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Alcohol is frequently abused by PLWH (Hahn and Samet, 2010) and may impact viral 

suppression through its influence on ART adherence (Samet et al., 2003). In addition to the 

stress of living in disinvested and violent communities, greater availability of alcohol outlets 

may lead to greater consumption (Popova et al., 2009; Scribner et al., 2010). Furthermore, 

the precise mechanisms through which community contexts such as alcohol density or 

violence act to impact behaviors remains unknown, although daily mood may be one 

potential route (Fleishman et al., 2000; Janda et al., 2006; Moskowitz, 2003) given the well-

known impact of stressful situations on negative mood (Kessler et al., 1985; Pearlin, 1999).

Psychological well-being is comprised of both positive and negative affect (Bradburn, 1969) 

or mood, and poor psychological well-being is both a cause of poor outcomes among PLWH 

(Chida and Vedhara, 2009; Ironson et al., 2015; Pence et al., 2008) as well as an outcome of 

HIV infection and treatment (Arendt, 2006; Owe-Larsson et al., 2009). Negative mood or 

generalized mental illness may play a role in adherence to ART, uptake of voluntary testing 

and counseling, and engagement in secondary prevention (Baum and Nesselhof, 1988). 

Roughly half of PLWH in care screen positive for at least one psychiatric disorder (Bing et 

al., 2001), and the prevalence of a depressive disorder ranges from 16–36% compared to 

4.9% in the general HIV-negative population. The range is 2–26% for alcohol abuse (Bing et 

al., 2001; Pence et al., 2006), and the prevalence of PTSD is 10–75% compared to 8% in the 

general population (Applebaum et al., 2015). Psychiatric co-morbidities have been shown to 

be an important patient-related barrier to adequate adherence (Applebaum et al., 2015; 

Gordillo et al., 1999; Haubrich et al., 1999; Paterson et al., 2000), and they have been shown 

to influence substance use (O’Cleirigh et al., 2015).

GPS tracking promises untapped potential to advance our understanding of these complex 

and important health phenomena. In this proof of concept paper, we present an innovative 

approach that uses real-time GPS tracking and short message service (SMS) or text 

messaging for capturing activity spaces of PLWH. Our objective was to characterize the 

activity spaces of PLWH from an urban area in Southeastern U.S., where the epidemic is 

among the nation’s highest (CDC, 2013), and to examine how such activity spaces are 

associated with daily mood and health behaviors such as alcohol and other drug use as well 

as ART adherence. If feasible, such an approach will allow us to move beyond our 

conventional understanding of place-based contextual exposures to one that incorporates the 

lived experience, allowing for a more precise characterization of context from which to build 

multilevel and structural interventions.

2. Methods

A parent study was underway in an urban metropolitan region in the Southeast to examine 

the impact of early life and adult stress on biological and clinical outcomes of PLWH over 

2.5 years (N=350). The goal of the parent cohort is to examine the impact of early life and 

adult stress on biological and clinical outcomes of PLWH over 2.5 years. From October 

2015 to October 2017, a small random sample of participants who consented to the parent 

study were invited to participate in this additional pilot study (N=20) as they attended an 

appointment at a local HIV clinic; 11 agreed to participate. The random sample included 

quota sampling in groups of 5 based on sex and level of adherence to ART reported in the 
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parent study (high vs. low). There were no differences between participants in this pilot 

study and those in the parent study or those who did not agree to participate. The study was 

approved by the Tulane University Institutional Review Board.

Similar to a protocol utilized in previous activity space work (Byrnes et al., 2015), 

participants were tracked every 5 minutes over two weeks using ActSoft Comet Tracker 

(ActSoft Inc., Tampa, FL), which was downloaded as an application on their personal 

smartphone at the time of enrollment. Over the two weeks, participants were also sent a 

daily diary survey three times a day (morning—8:00 to 11:00 am, afternoon—1:00 to 4:00 

pm, and evening—6:00 to 9:00 pm) using a two-way SMS program that was automated to 

deliver set messages based on participant responses. The diary took no more than 5 minutes 

to complete. Participants were required to complete each survey within the specific time 

period. Those not completed during the window were dropped from the analysis. Connecting 

sequential GPS points yielded a total of 18,007 polyline segments that we aggregated into 

258 person-days that captured discrete occasions of exposure to contextual factors and 

subjects’ behaviors and moods.

2.1 Daily diary outcome measures

Data collected in the daily diary included measures of positive and negative affect and 

frequency and quantity of alcohol and other drug use since the previous diary entry, 

including frequency and type. Questions were formatted for text with short questions 

surrounding mood and substance use (e.g., “since your last entry, have you used alcohol? 

Felt angry?”). Poor psychological well-being is both a cause of poor outcomes among 

PLWH (Chida and Vedhara, 2009; Ironson et al., 2015; Pence et al., 2008) as well as an 

outcome of HIV infection and treatment (Arendt, 2006; Owe-Larsson et al., 2009). 

Additional questions were asked once per day, in the evening, regarding medication 

adherence (i.e., “did you take your prescribed ART medicine today?”), perceived reason for 

inability to adhere to medication, and perceived social support for medication adherence. 

One participant was unable to complete the daily diary data collection protocol due to 

technical difficulties with his cell phone, and therefore the sample with diary data was N=10.

2.2 Community-level measures

Three community-level exposures were used in this pilot study to link to GPS routes, 

utilizing a method identical to that in Byrnes and colleagues’ work (Byrnes et al., 2015). 

These community-level exposures included areal data on concentrated disadvantage 

(Sampson et al., 1997) and point data on alcohol outlets and violent crime events. 

Concentrated disadvantage was calculated with items obtained from the U.S. Census 

American Community Survey (ACS) 5-year estimates 2008–2012, based on Sampson and 

colleague’s index (Sampson et al., 2008), for each census tract in the region using the 2010 

Census TIGER/Line Shapefile for tract boundaries. Geocoded alcohol outlet locations were 

obtained from the city and state’s Department of Alcohol and Tobacco Control data for 

2015–2016. Numbers of active alcohol outlets by both census tract and along the GPS route 

over the 2-week period were tabulated for off-premise (e.g., liquor stores) and on-premise 

(e.g., bars) establishments. Geocoded data on violent crime events (i.e., assaults and 
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homicides) were obtained from local police department data 2015–2016 and counts of 

events tabulated in an equivalent manner.

Alcohol and crime environments were considered primary exposures, while concentrated 

disadvantage was utilized for mapping purposes and testing of areal data linkage to GPS 

data in this feasibility study.

2.3 Analysis

Activity spaces were calculated in ArcGIS® by first connecting GPS points in time order to 

create an aggregated polyline route representing the two-week activity path for each 

individual. Buffers at 50, 100, and 200 meters were created for each participant’s activity 

path. Second, community-level data layers were appended by latitude and longitude location 

(for point data) or census tract concentrated disadvantage to each minute-to-minute point of 

each participant’s activity path over their 14-day period, thereby providing precise estimates 

of exposures that they experienced throughout the course of activities. These data were also 

aggregated by time of day (i.e., morning, afternoon, and evening routes) over the 14-day 

period and then merged with daily diary data.

Daily diaries were also summarized by aggregating affirmative responses to questions asked 

three times per day to a daily value. For example, if respondents reported using alcohol at 

any of the three time points, they were classified as having used alcohol that day. Likewise, 

if they reported feeling mad, happy, excited, or sad in at least one of the three survey time 

points, they were classified as having the affect that day (not mutually exclusive). Responses 

for each participant were summarized as percentages of the total number of days in which 

they responded to the question (missing responses were removed from the denominator). 

Percentage of participants responding were slightly higher during week 1: mean percentage 

of participants responding to texts from morning 1 through evening 7 was 65% compared to 

61% in week 2 (morning 8 through evening 14). Response rates were highest to morning and 

evening texts (both 71%) and lower in the afternoon (48%).

Descriptive statistics were utilized to examine activity patterns and daily diary responses, 

and repeated measures correlation (Bakdash and Marusich, 2017) was employed to explore 

the relation between activity space exposures and daily substance use, mood, and adherence.

3. Results

Almost half (45%) of participants in this small pilot study (N=11) were female, and 90% 

identified as Black. On average, the participants spent 19% of their time awake during the 2-

week periods in their residential census tract. Participants traversed an average of 23 census 

tracts over this period. They were exposed to neighborhood violent crime rates that varied 

from 1 to 28 per 1,000 population and off-site alcohol density rates of 0 to 22 per 1,000 

depending on the census tract. The average number of alcohol outlets within a 200-meter 

radius of participant’s daily paths was 5.6, with greater exposure on weekend days (average 

of 7.3 outlets) than weekdays (4.1 outlets), and on average 41% of their time was spent 

within a 200-meter proximity to an alcohol outlet. Results were similar, albeit slightly lower, 

for exposure within 100- and 50-meter radii. Details of exposure along their activity path are 
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presented in Table 1, Section A. An example portion of one participant’s 2-week activity 

path is shown in Figure 1.

The crime and alcohol density rate participants were exposed to on their activity path was 

substantially different from the rates in their residential tract. There were on average 6.4 off-

premise outlets per 1,000 in the tracts through which respondents traversed, and 

approximately 4 of these were on weekdays and 7 on weekends, as discussed above. There 

were on average 2 off-premise outlets per 1,000 in their residential tract. However, this did 

vary by respondent, and some were exposed to much more on their daily path (e.g., one 

participant had an average of 1 outlet per 1,000 in their residential tract compared to 22 per 

1,000 in tracts through which they spent time on their activity path), while some were 

exposed to less risky environments (e.g., 10 off-premise outlets per 1,000 in their residential 

tract compared to an average of 1 per 1,000 in tracts in their daily activity path).

Responses to daily diaries are summarized in Table 1, Section B. On average, participants 

responded to at least one of the three daily diaries for 12.5 of the possible 14 days (range 8–

14). Participants reported alcohol use about half the time, on average, across survey response 

days. Reponses varied across individuals; some reported alcohol or marijuana at every diary 

response day, and others never reported alcohol or marijuana use. While not presented in 

Table 1, participants were happy at least once for most (81%) of their response days, sad on 

44% of response days, and mad on 33% of response days. On average, participants reported 

having taken their medication 90% of the days they responded to the survey, and this ranged 

from two thirds (67%) to every day.

Linkage of the GPS and daily diary data revealed numerous trends. As shown in Table 1, 

Section C, participants with greater exposure to off-premise alcohol outlets within 100 

meters of their daily paths were significantly less likely to take medication as prescribed and 

were more likely to report drinking, marijuana use, feelings of anger, and difficulty taking 

medication because they were drunk or high. Results were similar when considering 

exposure within 50- or 200-meters of their daily paths.

4. Discussion

This study fits within a broader effort in the study of health and place to document the 

multiple contexts that individuals inhabit and the ways they move across contexts throughout 

the day. Results demonstrate the feasibility of this methodology (GPS coupled with a daily 

diary captured via SMS messaging) among PLWH. Furthermore, as demonstrated in 

previous studies (Byrnes et al., 2015), there were meaningful differences in exposure context 

comparing activity space to residential contexts. Similar GPS-tracking approaches have been 

shown to be feasible among other populations (Byrnes et al., 2015; Duncan et al., 2016; Wan 

et al., 2013; Wiehe et al., 2008), and this study demonstrates feasibility among PLWH.

Limitations of the study include the limited number of participants who were also drawn 

from a convenience sample, lessening both power as well as generalizability. However, a 

diverse selection of participants was invited to participate, based on sex and level of 

adherence, to better reflect the larger community of PLWH. Furthermore, sampling from a 
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local HIV clinic may miss those not engaged in care. We expect, however, that exposure to 

stressful community contexts and behavioral outcomes may be just as high or higher for 

those not engaged in care; there may be a potentially greater impact of environment and 

differences in activity space versus residential exposure if these patients were included. 

There were also limitations with GPS signal and satellite when indoors, which created some 

gaps in the GPS data, but this was primarily at respondent’s homes and not on their activity 

path outside the home. Finally, observing individuals in a 2-week time frame may not fully 

capture their daily activity space.

Additional contexts in the community that are amenable to structural interventions—such as 

the community alcohol environment—have not been examined in relation to adherence or 

substance use among PLWH. These contexts, however, may impact substance use behavior 

as well as overall stress and violence exposure, and all of these may play a role in HIV care 

behavior and retention in care. Given the often-differential community contexts across race 

in the U.S. (LaVeist, 2003) and potentially different lived experiences of PLWH based on 

race, sex, or gender (Watkins-Hayes, 2014), deeper exploration of spatial context coupled 

with daily behavior may explain some of the intractable racial disparities in HIV care 

outcomes observed (Nunn et al., 2015; Underwood et al., 2014). Use of spatial data coupled 

with behavioral data using such an approach may provide a detailed picture of not only 

social but spatial risks in the daily lives of PLWH, allowing for new and potentially more 

impactful environmental prevention strategies to improve the continuum of care.
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Highlights

• GPS data may reveal differences in community exposure to risk 

environments.

• Exposure to alcohol and crime environments was greater in activity spaces.

• Activity space exposures were associated with behavioral outcomes.

• GPS and daily diary data collection approaches were feasible among people 

living with HIV (PLWH).
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Figure 1. 
Example of GPS record of one participant’s activity space overlaid on census tracts, alcohol 

outlets, and concentrated disadvantage.
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Table 1

Daily Diary and GPS Observations and GPS-Diary Trends

Section A. Two-week GPS data (N=11 participants, 18,007 observations)

Mean (STD) Range

Mean off-premise alcohol outlet density in residential census tract 2.10 (1.25) 0–6

Total number of census tracts traversed (n) 23.5 (13.6) 4–44

Mean off-premise alcohol outlets per 1,000 in tracts along path 6.4 (6.2) 0–22

Mean violent crime rate per 1,000 in tracts along path 14.5 (7.4) 1–28

Exposure within path buffers

 Mean number of off-premise alcohol outlets in 50-meters along path 2.0 (2.6) 0–8

 Mean number of off-premise alcohol outlets in 100-meters along path 4.1 (4.7) 0–15

 Mean number of off-premise alcohol outlets in 200-meters along path 5.6 (8.6) 0–33

 Mean number of off-premise alcohol outlets in 200-meters along path during weekdays (Monday morning to 
Friday evening)

4.1 (7.8) 0–25

 Mean number of off-premise alcohol outlets in 200-meters along path during over weekend days (Friday evening 
to Monday morning)

7.3 (11.6) 0–33

Mean % of time exposed to an off-premise outlet within 200-meters 41.0 (35.1) 1–100

Section B. Two-week daily diary responses (N=10 participants, 281 observations)a

Mean (STD) Range

Total days responded to at least 1 text (n) 12.5 (1.8) 8–14

Substance Use

Days reported alcohol use (%) 46.5 (37.0) 0–100

Days reported marijuana use (%) 43.5 (39.4) 0–100

Days reported other drug use (%) 10.3 (19.4) 0–61.5

Medication adherence

Days reported taking medication (%) 90.7 (11.3) 66.7–100

Days reported not taking medication because too busy (%) 8.0 (12.3) 0–33.3

Days reported not taking medication because not feeling well (%) 9.2 (16.9) 0–50.0

Days reported not taking medication because of being too drunk or too high (%) 3.1 (6.5) 0–16.7

Section C. GPS-Diary Trends: Impact of Alcohol Exposure in 100 Meters of Pathway (N=10 participants, 258 observations)

Correlation p-value

Taking ART as prescribed −0.365 0.005

Alcohol use 0.519 0.041

Marijuana use 0.381 0.001

Felt mad 0.203 0.009

Did not take meds because high or drunk 0.258 0.048

a
One participant was unable to complete the daily diary data collection protocol due to technical difficulties with his cell phone.
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