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Abstract

Background—Previous analyses identified specific geographic areas in Philadelphia (hotspots) 

associated with negative outcomes along the HIV care continuum. We examined individual and 

community factors associated with residing in these hotspots.

Methods—Retrospective cohort of 1,404 persons newly diagnosed with HIV in 2008–2009 

followed for 24 months after linkage to care. Multivariable regression examined associations 

between individual (age, sex, race/ethnicity, HIV transmission risk, and insurance status) and 

community (economic deprivation, distance to care, access to public transit, and access to 

pharmacy services) factors and the outcomes: residence in a hotspot associated with poor retention 

in care and residence in a hotspot associated with poor viral suppression.

Results—24.4% and 13.7% of persons resided in hotspots associated with poor retention and 

poor viral suppression, respectively. For persons residing in poor retention hotspots, 28.3% were 

retained in care compared to 40.4% of those residing outside hotspots (p<0.05). Similarly, for 

persons residing in poor viral suppression hotspots, 51.4% achieved viral suppression compared to 

75.3% of those outside hotspots (p<.0.05). Factors significantly associated with residence in a 

poor retention hotspots included: female sex, lower economic deprivation, greater access to public 

transit, shorter distance to medical care, and longer distance to pharmacies. Factors significantly 

associated with residence in a poor viral suppression hotspots included; female sex, higher 

economic deprivation, and shorter distance to pharmacies.

Conclusions—Individual and community-level associations with geographic hotspots may 

inform both content and delivery strategies for interventions designed to improve retention in care 

and viral suppression.
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INTRODUCTION

The HIV care continuum identifies distinct points for intervention, with the ultimate goal of 

improving health outcomes for people with HIV infection and reducing HIV transmission in 

the community.1 Prior studies indicate that linkage to care, retention in care, and viral 

suppression are influenced by a variety of individual, health system, and community-level 

factors.2–10 While linkage to care represents the entry point for HIV disease management, 

retention in care and sustained viral suppression are necessary to achieve the individual and 

public health benefits of HIV treatment.3,11 As monitoring of HIV infection increasingly 

focuses on the HIV care continuum11–14, analyses of public health surveillance data may 

reveal geographic patterns that vary at each step.15,16 Moreover, a better understanding of 

the structural and community-level factors that influence or impede completion of HIV care 

continuum steps is needed17–23.
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In prior work, we identified geographic areas in Philadelphia, PA with significantly higher 

concentrations of individuals with poor retention in care and poor viral suppression15. In 

total, 14 census tracts were associated with poor retention in care (3.7% of all census tracts 

in Philadelphia) and 12 census tracts were associated with poor viral suppression (3.2% of 

all census tracts in Philadelphia). Interestingly, the geographic areas identified for poor 

retention in care and poor viral suppression were unique, with no geographic overlap. This 

suggested that distinct community-level factors might be responsible for these poor 

outcomes. The current analyses build on prior work and aim to identify individual and 

community-level factors associated with residing in hotspots of poor retention in care and 

residing in hotspots of poor viral suppression in hopes of informing the development of 

interventions to improve the final steps of the HIV care continuum.

METHODS

Data Source & Study Population

Data were extracted from the City of Philadelphia’s Enhanced HIV/AIDS Reporting System 

(eHARS), a database containing information on all HIV cases reported to the Philadelphia 

Department of Public Health (PDPH) AIDS Activities Coordinating Office Surveillance 

Unit. Philadelphia has mandatory name-based case reporting of all new HIV infections. 

Additionally, local mandates require reporting of all CD4 cell counts <350/mL (or CD4 

percent <25%) and all HIV-1 RNA levels to the PDPH. Thus, eHARS contains records and 

laboratory results of all people living with HIV (PLWH) who were diagnosed with HIV in 

Philadelphia, were a resident of Philadelphia at any time after their HIV diagnosis, and all 

PLWH who received care in Philadelphia after their HIV diagnosis.

The eHARS database contains information collected through medical record abstraction 

including identifiers, such as name, address, date of birth, and address at diagnosis, as well 

as laboratory results which are received electronically and imported into the database. Death 

data from the Pennsylvania Bureau of Vital Statistics, Social Security Death Master Index, 

and the National Death Index are routinely matched to eHARS data to identify deceased 

persons and document cause of death when available. The eHARS data are routinely 

monitored to identify duplicate cases and undergo quality control and verification to ensure 

that abstracted data are correctly assigned to unique case records.

Because the current analyses rely on exact identification of case locations and focus on 

patients successfully linked to care, individuals were included if they had a: (1) HIV 

diagnosis date in 2008 or 2009, (2) Philadelphia address at time of diagnosis, and (3) were 

successfully linked to care, defined as documentation of 1 or more CD4 or viral load test 

results after the date of diagnosis. Those with invalid or insufficient address data, along with 

persons with only a correctional facility address at time of diagnosis, were excluded from 

analyses (N=157). Cases were followed for 24 months after linkage to care.

The time period of 2008 to 2009 was selected to further define factors associated with poor 

retention in care and poor viral suppression and to allow for a 24-month interval for 

observation, as described below.
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Outcome Variables

Previous analyses of this cohort identified geographic areas of the city where patients with 

negative outcomes (not retained in care, not virally suppressed) exhibited significant 

clustering compared to the cohort as a whole.15 For these analyses, we used these previously 

identified areas to classify cases dichotomously as either in or near (within 5,000 feet) a 

significant hot-spot, or not in or near a significant hot-spot. Hot-spots were identified by 

calculating the local version of the cross K function, which uses a marked-point process to 

compare sub-groups and is described elsewhere.15 Figure 1 provides maps showing the 

locations of these hotspots.

Retention in care was defined using the National Quality Forum Medical Visit Frequency 

Measure24. This measure defines retention in care as completing at least 1 medical visit with 

a provider with prescribing privileges in each 6-month interval of the 24-month 

measurement period, with a minimum of 60 days between medical visits. Date of first 

linkage to care defined the start of the 24-month measurement period. We used laboratory 

reports of CD4 counts and/or viral load testing as a proxy for HIV medical care visits. 

Previous studies have shown high correlation between laboratory test and medical visit data 

and retention in care.25 Viral suppression was classified as evidence of HIV-1 RNA <200 

copies per milliliter closest to the end of the 24-month measurement period +/− 120 days. 

For the viral suppression analysis, we only included persons who met the retention in care 

definition so that we could look at predictors of viral suppression that are independent of 

retention in care.

Predictor Variables

Individual-Level Factors—For each person, we defined age, sex at birth, race/ethnicity, 

HIV transmission risk, and insurance status at the time of HIV diagnosis. Date of HIV 

diagnosis was defined as the date of collection of confirmatory test results. Age was 

categorized into three groups: <25, 25–44, and ≥45 years old. Race/ethnicity categories were 

divided into four groups: non-Hispanic white, non-Hispanic Black, Hispanic, and other. 

Transmission risk was grouped into heterosexual, men who had sex with men (MSM), 

injection drug use (IDU), and other/unknown. Patients who had IDU in combination with 

another risk factor (e.g., MSM, heterosexual transmission) were classified as IDU. Insurance 

status was classified as Medicaid, Medicare, private, no insurance, and other or unknown.

Community-Level Factors—Travel distance to medical care was assessed using the 

spatial locations of cases and HIV care providers. Cases were geocoded using the street 

address at time of HIV diagnosis. Medical care sites where initial linkage to care occurred 

were geocoded using the facility address. Distances were calculated (in miles) through 

network analysis using street-level data to calculate the distance required to travel from 

point A (residence) to point B (medical care) under normal driving conditions.

All pharmacies currently operating in Philadelphia were geocoded based on street address. 

The locations were assigned to census tracts using the 2010 decennial census tracts and 

summarized to calculate the total number of pharmacies in each tract. Pharmacy densities 

were calculated as the rate of pharmacy locations (per 1,000 population), using the 2010 
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population data from the U.S. Census Bureau. In addition, network analyses were conducted 

to determine the five closest pharmacies for each case using street-level data as the network 

dataset. Distances were calculated (in miles) using the “closest facility” function of the 

ArcGIS Network Analyst. Travel distance from point A (residence) to point B (pharmacy) 

was determined under normal driving conditions for the five closest pharmacies to each 

case, and an average distance was calculated for inclusion in the model.

Access to public transit was assessed by including data from a transit network dataset 

created from the General Transit Feed System (GTFS) provided by the Southeastern 

Pennsylvania Transit Authority (SEPTA) and tools developed by Environmental Systems 

Research Institute (ESRI)26. The SEPTA GTFS data includes all transit lines (buses, 

subways, and light rails) that serve Philadelphia, including the spatial locations of lines and 

stops, as well as schedule information. For this analysis we assigned census tracts to all 

SEPTA stops within Philadelphia, and summarized the data to calculate the rate (per 1,000 

population) of transit access in each tract.

Economic deprivation was assessed using a measure calculated from several components of 

the American Community Survey released by the U.S. Census Bureau. Data elements 

included in the index are: 1) percent employed in low-wage occupation; 2) percent 

households in poverty; 3) percent households receiving food stamps; 4) percent female-

headed households with dependent children; and 5) percent less than high school education. 

The percents of these five data elements were summed and averaged to created the 

deprivation score. For purposes of interpretation, a higher score indicates greater economic 

deprivation.

Statistical Analyses

Univariate statistics were used to describe the dataset. Multivariate logistic regression 

models were used to assess relationships between individual and community-level predictors 

and the two outcomes. Models were fitted using a forward stepwise logistic regression, with 

variables entered into the model based on a 0.05 significance level of the univariate chi-

square. Sex at birth, economic deprivation, public transit coverage, distance to medical care, 

and the average distance to the closest five pharmacies were included in model 1 (retention 

in care). Sex at birth, economic deprivation, and the average distance to the closest five 

pharmacies were included in model 2 (viral suppression). Adjusted odds ratios (AORs) with 

95% confidence intervals (CIs) are presented. Relationships were considered statistically 

significant at P <0.05. Analyses were conducted using SAS 9.2.

RESULTS

Demographics of the cohort are presented in Table 1. A total of 1,404 persons were 

diagnosed with HIV in 2008–2009, had a valid Philadelphia address at diagnosis, and 

successfully linked to HIV medical care. The population was predominantly male (69.6%), 

Black race/ethnicity (61.0%), between the ages of 25 and 44 at time of HIV diagnosis 

(47.2%) and had either MSM (38.3%) or heterosexual (40.5%) as their HIV risk factor. The 

mean deprivation score of the cohort was 19.33 indicating a higher degree of economic 

deprivation in our sample than the City of Philadelphia as a whole (15.66). The mean 
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pharmacy density was 0.35 pharmacies per 1,000 population, and mean public transit route 

density was 5.55 routes per 1,000 population. The mean distance to the facility of care was 

3.65 miles, while the mean distance to the five closest pharmacies was 0.56 miles.

Overall, among this cohort of patients linked to care, 37.5% were retained in care and 27.0% 

achieved viral suppression. In total, 24.4% of the sample resided in a poor retention hotspot 

and 13.7% in a poor viral suppression hotspot. Outcomes varied significantly by residence in 

a hotspot. For persons residing in a poor retention hotspot, 28.3% of cases were retained in 

care compared to 40.4% among those residing outside a poor retention hotspot (p<0.05). For 

those residing in a hotspot of poor viral suppression, 51.4% of those retained in care 

achieved viral suppression compared to 75.3% respectively for persons who did not reside in 

a poor retention hotspot (p<.0.05).

Associations with Residing in a Poor Retention Hotspot

As shown in Table 1, females were less likely to reside in geographic areas associated with 

poor retention in care (AOR = 0.63; 95% CI 0.45–0.88). Economic deprivation was 

inversely associated with residence in these areas (AOR = 0.92; 95% CI 0.90–0.94), 

indicating that as deprivation increased the probability of residing in a hotspot associated 

with poor retention decreased. The probability of residing in a hotspot for poor retention in 

care increased as the proportion of transit lines serving that area increased (AOR = 1.04; 

95% CI 1.00–1.09). In addition, residence in a hotspot for poor retention in care was 

associated with longer distance to the five nearest pharmacies (AOR = 2.41; 95% CI 1.14–

5.09), specifically as distance to a pharmacy increased the probability of residing in a 

hotspot increased. Travel distance to the location of HIV medical care was inversely 

associated with residence in a hotspot (AOR = 0.85; 95% CI 0.80–0.90), indicating that the 

probability of residing in a poor retention hotspot decreased as the distance traveled for care 

increased. Age, race/ethnicity, HIV transmission risk and insurance status were not 

significant in the univariate analyses and were therefore not included in the model.

Associations with Residing in Poor Viral Suppression Hotspots

As shown in Table 2, females were more likely to reside in hotspots associated with poor 

viral suppression (AOR = 1.74; 95% CI 1.00–3.01). Economic deprivation was significantly 

associated with residence in areas of poor viral suppression (AOR = 1.09; 95% CI 1.05–

1.12), indicating that as deprivation increased the probability of residing in one of these 

areas also increased. In contrast to the poor retention model, the average travel distance to 

the five closest pharmacies was inversely associated with residence in poor viral suppression 

hotspots (AOR = 0.12; 95% CI 0.02–0.70), indicating that the probability of residing in a 

hotspot decreased as distance to the 5 closest pharmacies increased. Age, sex, race/ethnicity, 

HIV transmission risk and insurance status were not significant in the univariate analyses 

and were therefore not included in the model.

DISCUSSION

In previous analyses, we identified hotspots of poor outcomes along the HIV care continuum 

for persons diagnosed with HIV in Philadelphia in 2008 and 2009. We found that for 
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individuals who resided in a hotspot, 54.3% of individuals diagnosed with HIV were linked 

to care, 24.0% retained in care, and 9.1% virally suppressed. In comparison, 64.6%, 33.0%, 

and 26.3% of individuals living outside of a hotspot were linked to care, retained in care, 

and virally suppressed, respectively. In multivariable regression models controlling for 

patient factors, residence in a hotspot was the only variable significantly associated with 

each of these outcomes. In this subsequent analysis of the same cohort, we found that 

community-level factors were more likely than individual-level characteristics to be 

associated with geographic clusters of both poor retention and poor viral suppression.

Interestingly, we identified different associations with residence in a hotspot for poor 

retention in care compared to residence in a hotspot of poor viral suppression - less 

economic depression versus greater economic depression, and longer distance to nearest 

pharmacies versus shorter distance to pharmacies respectively. These findings suggest that 

although retention in care and viral suppression are related, a unique set of factors influence 

each outcome. It is frequently assumed that persons not retained in HIV care are not on ART 

and therefore have detectable viral loads. However, recent studies indicate that persons on 

stable ART regimens complete fewer HIV medical visits than their counterparts, and thus 

may not meet standard definitions of retention in care27,28. Our analyses did not exclude 

persons who were virally suppressed from the retention in care model. Thus it is possible 

that our retention in care hotspot analysis may have captured a subset of individuals with 

well-controlled HIV infection despite less frequent medical visits. This may explain why 

persons residing in hotspots for poor retention in care were less likely to live in 

neighborhoods that were more economically depressed, had higher public transit coverage, 

and travelled shorter distance to HIV medical care. Qualitative data are needed to better 

understand the socioeconomic, clinical, and healthcare utilization characteristics of these 

individuals

Hotspots with poor viral suppression were more likely to be economically deprived and have 

a shorter average distance to the five nearest pharmacies. While personal income was not 

available in our dataset, economic deprivation of the census tract of residence was used as a 

proxy. The association between residence in a poor viral suppression hotspot and economic 

deprivation was consistent with prior literature, which describes poverty as a common factor 

associated with lower access to HIV care and treatment adherence.29–32 Residence in an 

area of higher economic deprivation may be a marker for personal economic deprivation, as 

well as other factors known to interfere with treatment adherence such as housing instability 

and food insecurity.33–35 Importantly, women were more likely to reside in hotspots for poor 

viral suppression than men. A number of prior studies have noted that women are less likely 

to achieve virally suppression.36–38 Our data suggests that after controlling for several 

community-level and individual-level characteristics, gender disparities remain. Further 

research is needed to better understand the influence of structural, behavioral, and biological 

factors on viral suppression among women.

In our analysis, residence in a hotspot for poor viral suppression was actually associated 

with a shorter distance to the nearest five pharmacies compared to residence in other areas. 

Previous studies have evaluated the relationship between distance to HIV medical care and 

access to healthcare noting that nearly half of PLWH travelled more than three miles farther 
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than the closest HIV care provider2,39. These findings indicate that selection of a medical 

provider is complex and that factors other than proximity influence this choice. Similar to 

the process of choosing a healthcare provider, selecting a pharmacy is influenced by 

multiple factors (e.g. preference of a particular company over another, hours of operation, 

proximity to other businesses, services offered such as onsite immunizations or pill box 

refills).40 A recent study evaluating the relationship between socio-economic status and 

access to prescription medications in New York City found that pharmacies in poor 

communities had a 24% increase in odds of medications being out of stock for each 10 

percentage-point increase in the number of households in poverty. Moreover, while the 

overall density of pharmacies in poor communities was greater than low-poverty 

communities, poor communities had (1) a higher density of small, independent pharmacies 

with limited stock and shorter hours of operation and (2) a lower density of large, chain 

pharmacies compared to low-poverty communities40. As a result, for PLWH living in 

economically deprived neighborhoods proximity to a pharmacy may not directly translate to 

access to ART and viral suppression. Access to medications is critical to the management of 

HIV infection and achievement of viral suppression. Additional data are needed that will 

specifically address why patients choose a pharmacy and how they access their pharmacy 

(i.e. type of transportation versus mail-order). Answers to these questions, analyzed in 

conjunction with observed travel distances, may better explain patients’ care seeking 

behavior and help determine future interventions.

Our study is limited in that data are derived from a relatively small number of PLWH linked 

to care within a single city with a high prevalence of HIV infection and economic 

deprivation. Thus, our findings may not generalize to other cities. Also, we used HIV 

surveillance dataset; as such we could not assess ART coverage, may have incompletely 

accounted for migration out of Philadelphia among the patients in the cohort, and used 

laboratory data as a proxy for medical visits. In addition, not all persons diagnosed with HIV 

during 2008 and 2009 would have been eligible for ART based on national treatment 

guidelines. This may explain the lower-than-expected viral suppression rate. To evaluate 

community factors (economic deprivation, treatment and pharmacy accessibility) we created 

indices that have not been widely tested for validity or reliability in this population. While 

we used reasonable strategies for assigning values to geographic areas, these indices need to 

demonstrate utility in additional analyses. Similarly, because we used existing data to 

describe personal characteristics at the time of diagnosis, we were unable to account for 

many important behavioral characteristics and their change over time. While this is an 

important limitation, our interest was in determining the value of existing data in 

understanding barriers to care and informing interventions. Finally, we were unable to 

account for changes in residence over time. This may reduce the precision of our 

associations between community-level factors and residence in hotspots for poor retention in 

care and poor viral suppression.

The analyses reported here represent a new approach to understanding individual and 

community-level barriers to retention in HIV care and viral suppression. Our findings 

suggest that geographically targeted interventions may be warranted and that different 

strategies will be needed to address the various steps along the HIV care continuum. Further 

research is needed to identify variables that describe salient community characteristics, 
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improve the precision of measurement, and guide the development of content for 

interventions to improve retention in care and viral suppression.
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FIGURE 1. 
Hotspots for poor HIV treatment retention and viral supression among individuals diagnosed 

in 2008 and 2009
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