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Abstract

We performed an ecological analysis to examine associations between CDC-funded HIV testing 

services outcomes and social determinants of health (SDOH) among Ending the HIV Epidemic in 
the U.S. jurisdictions. Using National HIV Prevention Program Monitoring & Evaluation (2020) 

and American Community Survey (2016–2020) data, we ran robust Poisson models (adjusted 

for race/ethnicity). In healthcare settings, a 10% absolute increase in percentage without health 

insurance was associated with a 40% lower prevalence of newly diagnosed positivity (aPR = 

0.60, 95% CI: 0.43–0.83); a $5,000 increase in median household income (aPR = 1.04, 95% 

CI: 1.03–1.06) and a 10% absolute increase in percentage unemployed (aPR = 1.80, 95% CI: 

1.31–2.46) were associated with 4% and 80%, respectively, higher prevalence of percentage linked 

to HIV medical care within 30 days of diagnosis (i.e., linkage). In non-healthcare settings, a 10% 

absolute increase in percentage with less than high school diploma (aPR = 0.53, 95% CI: 0.29–

0.96) was associated with a 47% lower prevalence of newly diagnosed positivity, whereas a 10% 

absolute increase in percentage without health insurance (aPR = 1.92, 95% CI: 1.29–2.88) was 

associated with a 92% higher prevalence of newly diagnosed positivity; a 10% absolute increase 

in percentage with less than high school diploma was associated with a 35% lower prevalence of 
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linkage (aPR = 0.65, 95% CI: 0.43–0.97). Addressing SDOH in HIV prevention programs will 

play an important role in ending the HIV epidemic.
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Introduction

Despite the progress made in HIV prevention and treatment over the past 40 years, HIV 

continues to disproportionately affect certain populations in the United States, including 

Black/African American persons; Hispanic/Latino persons; gay, bisexual, and other men 

who have sex with men (collectively referred to as MSM); transgender persons; and persons 

who inject drugs (PWID) [1, 2]. Although individual-level attributes (e.g., race/ethnicity, sex 

at birth, behavioral risk factors) align with the descriptions of disproportionately affected 

populations, other factors such as social determinants of health (SDOH) contribute to 

explaining HIV-related disparities [3]. SDOH refers to the nonmedical factors that influence 

health outcomes [4]. They are the conditions in which people are born, grow, work, live, and 

age, and the wider set of forces and systems (e.g., economic policies and systems, social 

policies) shaping the conditions of daily life [4].

Several studies have shown various SDOH factors to be negatively associated with access 

to HIV testing, being diagnosed with HIV infection, adherence to antiretroviral therapy, and 

viral suppression in certain groups and geographic regions [5–19]. In 2019—when stratified 

by sex at birth, age group, race/ethnicity, transmission category, and area of residence—

HIV diagnosis rates varied by federal poverty level (FPL) status, education level, median 

household income, health insurance coverage, and Gini index [3]. Higher diagnosis rates 

were reported among those living in census tracts where ≥ 18% of residents lived below 

FPL, ≥ 17% of residents had less than a high school diploma, the median household income 

was less than $44,000 per year, ≥ 14% of residents did not have health insurance coverage, 

and income inequality using the Gini index was ≥ 46% [3].Linkage to HIV medical care 

within one month and viral suppression within six months of diagnosis also varied by FPL 

status, education level, median household income, and health insurance status [3].

In 2019, Ending the HIV Epidemic in the U.S. (EHE) was announced with the goals of 

reducing the number of new HIV infections by 75% by 2025 and at least 90% by 2030 [20]. 

Phase 1 of EHE focuses on scaling up key HIV prevention and treatment resources in the 57 

jurisdictions with the greatest HIV burden through the strategies of diagnose, treat, prevent, 

and respond [20]. The Centers for Disease Control and Prevention (CDC) plays a crucial 

role in the first strategy to “diagnose all people with HIV as early as possible” by funding 

jurisdictions to increase local capacity for HIV prevention programs, such as expanding HIV 

testing and increasing linkage to HIV medical care after diagnosis [21].

Understanding the role of SDOH in HIV prevention programs and addressing the related 

racial, ethnic, and geographic disparities [21] will be a vital aspect of EHE, as SDOH have 

been confirmed to be ecologically related to the intensity of HIV impact [22]. For this study, 
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we performed an ecological analysis [23] at the jurisdiction level to examine CDC-funded 

HIV testing services outcomes, SDOH factors, and their associations in the Phase 1 EHE 

jurisdictions.

Methods

Data Sources

National HIV Prevention Program Monitoring and Evaluation System—In 2020, 

CDC funded 60 state and local health departments and 100 community-based organizations 

(CBOs) in the United States and U.S. dependent areas to conduct HIV testing and 

prevention services [24]. These recipients submit their HIV testing and prevention services 

data semiannually to CDC through the National HIV Prevention Program Monitoring and 

Evaluation (NHM&E) data reporting system, EvaluationWeb®; we conducted our analysis 

with data submitted through March 15, 2022. We limited our analysis to NHM&E data on 

CDC-funded HIV tests performed in 2020 in the 57 Phase 1 EHE jurisdictions, as well as to 

CDC-funded HIV tests conducted among persons aged 18 years or older to approximately 

align with the age ranges of the SDOH variables.

Our outcomes of interest were (1) percentage of persons with newly diagnosed HIV (i.e., 

newly diagnosed positivity) and (2) percentage of persons with newly diagnosed HIV linked 

to HIV medical care within 30 days (i.e., percentage linked to care). We calculated positivity 

as the percent of CDC-funded HIV tests that identified persons with newly diagnosed HIV 

among all CDC-funded HIV tests with a positive or negative result. We calculated the 

percentage linked to care as the percent of persons with newly diagnosed HIV who were 

linked to HIV medical care within 30 days of HIV diagnosis, excluding those with missing 

information about linkage to care (17%).

CDC-funded HIV tests are conducted in healthcare and non-healthcare settings. Healthcare 

settings included STD clinics, community health centers, emergency departments, 

correctional clinics, and other healthcare sites where medical services are provided; non-

healthcare settings included HIV testing sites, community settings (e.g., bars/clubs, public 

areas), non-healthcare correctional facilities, mobile units, and other sites such as health 

department field visits and syringe exchange programs [24]. Given that approximately 

three-quarters of CDC-funded HIV tests occurred in healthcare settings [24] and that our 

two outcomes may differ according to test setting (e.g., persons in certain jurisdictions may 

be more likely to test in healthcare settings versus non-healthcare settings; non-healthcare 

settings tend to have higher positivity and lower linkage to care [24]), we stratified our 

analysis by test setting. This approach was supported by sensitivity analyses, in which we 

observed statistically significant interactions between test setting and SDOH variables.

Data collection through NHM&E is designated as a public health program activity and does 

not contain any personally identifiable information; therefore, it is exempt from institutional 

review board approval.

American Community Survey—We obtained jurisdiction-level SDOH data for our 

analysis from the five-year estimates of 2016–2020 American Community Survey (ACS) 
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data. To align with CDC’s HIV Surveillance Supplemental Report “Social Determinants of 

Health Among Adults with Diagnosed HIV Infection, 2019,” [3] we selected the following 

SDOH variables for our analysis: percentage below FPL; percentage with less than high 

school diploma; median household income; percentage without health insurance; Gini 

coefficient—ranging from 0 (indicating perfect equality) to 1 (indicating perfect inequality)

—which summarizes the dispersion of income across the entire income distribution [25]; 

and percentage unemployed. To account for racial/ethnic composition of EHE jurisdictions 

in multivariate analysis, we also obtained ACS data on percentage non-Hispanic Black/

African American (hereafter referred to as Black/African American) persons and percentage 

Hispanic/Latino persons. To attain SDOH and race/ethnicity point estimates and 90% 

confidence intervals (CIs) for all EHE jurisdictions (48 counties; District of Columbia; San 

Juan, Puerto Rico; and seven states) [20], we used the variance replicate tables for the 2016–

2020 ACS five-year estimates [26] when available. These tables support calculation of CIs 

for custom groupings. Replicate tables were available for educational attainment for those 

aged 25 years or older (Table B15002), poverty for those 18 years or older (B17001), and 

insurance status for those 19 years or older (BB27010). Replicate tables were not available 

for race/ethnicity (all ages, Table DP05) or employment for those 16 years or older (S2301), 

so CIs were not calculated for the EHE totals for these variables. EHE totals were not 

available and could not be calculated for median household income (Table B19013) or the 

Gini index (Table B19083).

Analysis

First, the NHM&E and ACS datasets were merged by EHE jurisdiction. Then, we performed 

a descriptive analysis to determine the prevalence of CDC-funded HIV testing services 

outcomes by test setting and generated point estimates and 90% CIs of SDOH variables for 

Phase 1 EHE jurisdictions (individually and overall). To assess collinearity between CDC-

funded HIV testing services outcomes and SDOH variables, we performed a regression 

analysis and examined the variance inflation factor (VIF) for each independent variable. 

Percentage below FPL had the highest VIF (12.5 for healthcare settings and 4.8 for non-

healthcare settings); removing FPL resulted in all other SDOH variables having a VIF < 5. 

Thus, FPL was dropped from subsequent models.

Next, we performed bivariable and multivariable analyses to assess associations between 

SDOH factors (independent variables) and each CDC-funded HIV testing services outcome 

(dependent variables) for Phase 1 EHE jurisdictions by test setting. For each dependent 

variable, we performed multivariable analyses to assess associations with SDOH variables 

while controlling for racial/ethnic composition (i.e., percentage Black/African American 

persons and percentage Hispanic/Latino persons) in Phase 1 EHE jurisdictions. For 

regression analyses, we used robust Poisson models and began with full models for each 

association (excluding percentage below FPL given its high VIF). Backward elimination 

was conducted to select SDOH variables for inclusion in each model using a p < .05 

cutoff. Exponentiated coefficients from the model are reported as prevalence ratios (PRs) 

and adjusted prevalence ratios (aPRs). For percentage below FPL, percentage with less than 

high school diploma, percentage unemployed, and percentage without health insurance, as 

well as percentage Black/African American and percentage Hispanic/Latino persons, PRs 
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and aPRs represent associations with an absolute change of 10%. For median household 

income, PRs and aPRs represent associations with a change of $5,000 median income. For 

Gini index, PRs and aPRs represent associations with a change of 0.1 in the Gini index.

Results

In 2020, 817,232 CDC-funded HIV tests were conducted among persons aged 18 and older 

in Phase 1 EHE jurisdictions overall; 4,147 persons were identified with newly diagnosed 

HIV (0.5%) (Table 1). Nearly three-quarters of CDC-funded HIV tests were conducted in 

healthcare settings (72.9%) compared to 27.1% in non-healthcare settings. Newly diagnosed 

positivity was higher in non-healthcare settings (0.9%) compared to healthcare settings 

(0.4%), but percentage linked to care was higher in healthcare settings (77.2%) compared to 

non-healthcare settings (75.2%).

By Phase 1 EHE jurisdictions, newly diagnosed positivity ranged from 0.0% (Riverside 

County, Sacramento County, San Bernadino County, Marion County, Hudson County, 

Mecklenburg County, Arkansas, Oklahoma) to 14.0% (Bexar County) in healthcare 

settings and from 0.0% (San Bernadino County, San Francisco County, Gwinnett County, 

Montgomery County, Prince George’s County) to 2.9% (Duval County) in non-healthcare 

settings. Percentage linked to care ranged from 0.0% (Bexar County) to 100.0% 

(Montgomery County, Prince George’s County, Essex County) in healthcare settings and 

33.3% (Baltimore City) to 100.0% (Maricopa County, Alameda County, East Baton Rouge 

Parish, Wayne County, Kings County, Cuyahoga County, Franklin County, San Juan, 

Missouri) in non-healthcare settings.

For Phase 1 EHE jurisdictions overall, percentage below FPL was 9.2% (90% CI: 9.1–9.2), 

percentage with less than high school diploma was 12.0% (90% CI: 12.0–12.1), percentage 

without health insurance was 10.4% (90% CI: 10.3–10.4), percentage unemployed was 

5.5%, percentage Black/African American persons was 13.8%, and percentage Hispanic/

Latino persons was 19.9% (Table 2); overall point estimates could not be calculated for 

median household income and Gini index.

By Phase 1 EHE jurisdictions individually, percentage below FPL ranged from 4.8% 

(Baltimore City) to 29.7% (San Juan); percentage with less than high school diploma from 

6.6% (King County) to 26.6% (Bronx County); median household income from $23,642 

(San Juan) to $119,136 (San Francisco County); percentage without health insurance from 

3.9% (San Francisco County, District of Columbia) to 23.6% (Dallas County); Gini index 

from 0.4032 (Montgomery County) to 0.6099 (San Juan); percentage unemployed from 

4.0% (Gwinnett County) to 16.1% (San Juan); percentage Black/African American persons 

from 0.2% (San Juan) to 61.6% (Prince George’s County); and percentage Hispanic/Latino 

persons from 3.2% (Mississippi) to 98.0% (San Juan).

When controlling for percentage Black/African American and percentage Hispanic/Latino 

persons, a 10% absolute increase in the percentage without health insurance was associated 

with a 40% lower prevalence of newly diagnosed positivity (aPR = 0.60, 95% CI: 0.43–0.83) 

in healthcare settings (Table 3; Fig. 1A). When similarly controlling for race/ethnicity, a 
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10% absolute increase in the percentage unemployed was associated with an 80% higher 

prevalence of percentage linked to care (aPR = 1.80, 95% CI: 1.31–2.46; Fig. 1B) and a 

$5,000 increase in median household income was associated with a 4% higher prevalence of 

percentage linked to care (aPR = 1.04, 95% CI 1.03–1.06; Fig. 1C) in healthcare settings.

After controlling for percentages of Black/African American and Hispanic/Latino persons, 

a 10% absolute increase in the percentage without health insurance was associated with 

a 92% higher prevalence of newly diagnosed positivity (aPR = 1.92, 95% CI: 1.29–2.88) 

in non-healthcare settings (Table 4; Fig. 2A); however, a 10% absolute increase in the 

percentage with less than high school diploma was associated with a 47% lower prevalence 

of newly diagnosed positivity (aPR = 0.53, 95% CI: 0.29–0.96; Fig. 2B). Similarly, a 10% 

absolute increase in the percentage with less than high school diploma was associated with 

a 35% lower prevalence of percentage linked to care (aPR = 0.65, 95% CI: 0.43–0.97; Fig. 

2C) in non-healthcare settings, after controlling for percentages of Black/African American 

and Hispanic/Latino persons.

Discussion

In this ecologic analysis of CDC-funded HIV testing services outcomes and SDOH factors 

in Phase 1 EHE jurisdictions, we found that associations of SDOH factors differed by 

outcomes and test setting. In healthcare settings, higher percentage of uninsured was 

associated with lower prevalence of newly diagnosed positivity. This finding also aligns 

with a previous analysis using older NHM&E data, which found that a higher percentage of 

uninsured was associated with a lower rate of new HIV diagnoses [27]. It is plausible that 

uninsured persons might be more likely to seek out HIV testing in non-healthcare settings 

where insurance coverage is not needed. To identify more new HIV diagnoses in healthcare 

settings, increased access to the healthcare system is needed; as found by Gai et al. [8], 

Medicaid expansion was associated with increased HIV test rates, which could subsequently 

identify more new HIV diagnoses through increased access to healthcare.

Interestingly, increase in median household income and higher prevalence of unemployed 

were both positively associated with linkage to HIV medical care within 30 days of new 

diagnosis in healthcare settings. It could be that— regardless of SDOH factors—it is easier 

to link persons to care when they are already accessing a healthcare setting. However, 

this potential explanation conflicts with a prior study indicating that unemployment was 

associated with a lack of linkage to care at a large urban healthcare center [13]. Our 

definition of healthcare settings includes sites such as STD clinics, community health 

centers, and correctional facilities versus only traditional health centers or clinics; thus, 

our findings may be explained by differing individual characteristics of persons seeking HIV 

prevention services compared to persons attending traditional health centers or clinics.

In non-healthcare settings, higher percentage without health insurance was associated 

with higher prevalence of newly diagnosed positivity. As indicated previously, persons 

without health insurance may deliberately access non-healthcare settings for HIV prevention 

services, and CDC-funded HIV testing has long been conducted in areas potentially more 

affected by HIV as characterized by urbanicity, minority racial/ethnic composition, and 
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percentage uninsured [27]. Furthermore, surveillance data have shown that HIV diagnosis 

rates increased as census-tract levels for the percentage uninsured increased [28].

Conversely, higher percentage with less than high school diploma was associated with lower 

prevalence of newly diagnosed positivity in non-healthcare settings. This finding conflicts 

with surveillance data that found HIV diagnosis rates increased as census-tract education 

levels decreased [28]. Further exploration may be needed as to why this discrepancy exists 

between non-healthcare settings in EHE jurisdictions versus nationally. Regardless, staff 

from HIV prevention programs in non-healthcare settings may want to assess education 

levels in order to refer those with lower education levels to services and opportunities 

that would allow them to increase their education levels. This type of referral could be 

instrumental in improving HIV-related outcomes among persons who test positive for HIV 

infection, especially given that higher percentage with less than high school diploma was 

negatively associated with linkage to care in non-healthcare settings. Findings from several 

prior studies have shown lower educational attainment to be associated with negative HIV-

related outcomes—and greater educational attainment with positive outcomes—across the 

HIV care continuum and among various subpopulations [5, 15, 17, 29, 30].

In order to achieve the goals of EHE, SDOH needs to be integrated into all aspects 

of HIV prevention, treatment, and care [31]. Through “Notice of Funding Opportunity 

Announcement PS20–2010: Integrated HIV Programs for Health Departments to Support 

Ending the HIV Epidemic in the United States” [32], CDC has funded 32 health departments 

to support the Phase 1 EHE jurisdictions in implementing comprehensive HIV programs 

(that complement existing programs) to leverage data, tools, and resources to reduce new 

HIV infection by 75% in 5 years. This funding opportunity encourages health departments 

to consider SDOH in the development, implementation, and evaluation of their HIV 

programs. Phase 1 EHE jurisdictions could expand this type of analysis to include data from 

all HIV tests performed in their jurisdiction (i.e., both CDC-funded and non-CDC funded), 

which would further help inform the development and implementation of their programs by 

identifying which SDOH factors are most prevalent and should be addressed to reach the 

maximal impact of HIV prevention services.

Our analysis has several limitations. First, NHM&E is comprised of CDC-funded HIV 

tests only; thus, HIV tests funded through other mechanisms are not included in this 

analysis. Second, NHM&E HIV testing data represent the number of CDC-funded HIV 

tests conducted and not the number of persons tested for HIV (e.g., a person could be 

tested for HIV via CDC-funded HIV testing more than once). Third, CDC-funded HIV tests 

are classified by the location of the HIV testing site and not the residence of the person 

being tested; hence, the testing site location may be incongruent with the person’s residence. 

Fourth, to calculate percentage linked to care, we excluded tests with missing or unknown 

outcome data on linkage to care (17%), which likely overestimated actual linkage. Fifth, 

CDC-funded HIV prevention programs were impacted by the COVID-19 pandemic and 

conducted fewer HIV prevention services in 2020 than in the preceding years, leading to 

fewer numbers of tests conducted and persons identified with newly diagnosed HIV [33]; 

however, the distribution of HIV testing services outcomes by sociodemographic and other 

characteristics were similar in 2020 and 2019 [24, 34]. Similarly, the COVID-19 pandemic 
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posed challenges to 2020 ACS data collection, but the U.S. Census Bureau refined their 

methodology to reduce the impact of nonresponse bias in their five-year data [35]. Sixth, 

NHM&E data represent one year of data, whereas ACS estimates are over a five-year period; 

however, this five-year period allows for more precise estimation of SDOH factors given 

that it provides data for all geographic areas (including smaller areas such as counties) with 

smaller margins of error [36]. Finally, ecologic bias may be a limitation due to heterogeneity 

of individual-level data not being fully captured by jurisdiction-level data [23] (i.e., because 

ACS estimates pertain to geographic areas, we cannot ascertain how the SDOH factors apply 

to specific individuals seeking HIV prevention services).

However, the major strength of this study is that it provides associations between SDOH 

factors and data from prevention programs in EHE jurisdictions, compared to previous 

studies that used data from surveillance systems, surveys, or academic/clinical studies prior 

to EHE and/or focused on treatment outcomes [5–19, 28–30].

Conclusion

SDOH factors—primarily percentage without health insurance and percentage unemployed

—were associated with CDC-funded HIV testing services outcomes in healthcare and 

non-healthcare settings. Achieving the goals of EHE will require a multi-level approach, 

including the integration of SDOH [37]. HIV prevention programs, as well as HIV treatment 

programs, can incorporate SDOH through referral and linkage to related services (e.g., 

health benefits navigation and enrollment) and partnerships with organizations that address 

various SDOH factors (e.g., employment assistance programs). This incorporation and 

integration of SDOH into HIV programs will help to ensure that persons who experience 

greater risk for acquisition of HIV and persons with HIV are receiving the care that they 

need without being impeded by social and structural barriers.
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Fig. 1. 
Statistically Significant Associations between CDC-Funded HIV Testing Services Outcomes 

and Social Determinants of Health in Healthcare Settings among EHE Phase 1 Jurisdictions. 

A) Association between Newly Diagnosed Positivity and Percentage Without Health 

Insurance. Note: One jurisdiction (Bexar, Texas) removed as an outlier due to high % with 

newly diagnosed HIV (6/43 = 14%). B) Association between Percentage Linked to Care and 

Percentage Unemployed. C) Association between Percentage Linked to Care and Median 

Household Income.
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Fig. 2. 
Statistically Significant Associations between CDC-Funded HIV Testing Services Outcomes 

and Social Determinants of Health in Non-Healthcare Settings among EHE Phase 1 

Jurisdictions. A) Association Between Newly Diagnosed Positivity and Percentage Without 

Health Insurance. B) Association between Newly Diagnosed Positivity and Percentage with 

Less than High School Education. C) Association between Percentage Linked to Care and 

Percentage with Less than High School Education
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