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Abstract

Background: Despite widely available access to HIV care in Washington, DC, inequities in HIV outcomes
persist. We hypothesized that laboratory monitoring and virologic outcomes would not differ significantly
based on insurance type.

Methods: We compared HIV monitoring with outcomes among people with HIV (PWH) with private
(commercial payer) versus public (Medicare, Medicaid) insurance receiving care at community and hospital
clinics. The DC Cohort follows over 8000 PWH from 14 clinics. We included those ≥18 years old enrolled
between 2011 and 2015 with stable insurance. Outcomes included frequency of CD4 count and HIV RNA
monitoring (> 2 lab measures/year, > 30 days apart) and durable viral suppression (VS; HIV RNA < 50 copies/mL
at last visit and receiving antiretroviral therapy (ART) for ≥12 months). Multivariable logistic regression models
examined impact of demographic and clinical factors.

Results: Among 3908 PWH, 67.9% were publicly-insured and 58.9% attended community clinics. Compared
with privately insured participants, a higher proportion of publicly insured participants had the following
characteristics: female sex, Black race, heterosexual, unemployed, and attending community clinics. Despite less
lab monitoring, privately-insured PWH had greater durable VS than publicly-insured PWH (ART-naïve: private 70.0% vs
public 53.1%, p = 0.03; ART-experienced: private 80.2% vs public 69.4%, p < 0.0001). Privately-insured PWH had greater
durable VS than publicly-insured PWH at hospital clinics (AOR = 1.59, 95% CI: 1.20, 2.12; p = 0.001).

Conclusions: Paradoxical differences between HIV monitoring and durable VS exist among publicly and privately-
insured PWH in Washington, DC. Programs serving PWH must improve efforts to address barriers creating inequity in
HIV outcomes.
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Background
For people with HIV (PWH), health insurance coverage is
associated with sustained viral suppression (VS), decreased
incidence of AIDS, reduced hospitalization rates, and re-
duced mortality [1–4] . PWH in the US are disproportion-
ately uninsured, underinsured, or have public insurance,
according to data prior to full Affordable Care Act (ACA)
implementation [5, 6]. Prior to the ACA, approximately
17% of PWH were uninsured, and the majority received
Ryan White assistance for HIV-related care [7]. Uninsured
or publicly insured PWH have worse health outcomes
compared to those who were privately-insured. Medicaid
recipients initiated antiretroviral therapy (ART) at a more
advanced stage of HIV disease than PWH who were
privately-insured [8], and had a greater incidence of comor-
bidities including cardiovascular disease, renal impairment,
and chronic hepatitis [2]. PWH with private insurance were
more likely to have sustained VS compared with those with
public insurance, according to prior studies [1, 5]. Addition-
ally, PWH with public insurance in the HIV Outpatient
Study had higher mortality rates than privately insured par-
ticipants [2].
Health outcomes for low-income PWH in the District

of Columbia (DC) may not mirror those of the rest of the
country, however. DC’s AIDS Drug Assistance Program
(ADAP) boasts an all-inclusive list of antiretrovirals
(ARVs) and has never had a waiting list [9]. Since 2006,
low-income residents ineligible for Medicaid or Medicare
may enroll in the DC Healthcare Alliance, a healthcare
safety-net program. The ACA was passed in 2010 with the
aim of expanding Medicaid coverage to millions of low-
income Americans. DC received a waiver from the Cen-
ters for Medicaid and Medicare Services to begin early
Medicaid expansion in 2010. With eligibility levels among
the most generous in the nation, DC Medicaid now covers
nearly 40% of the District’s population [10]. While ADAP
defrays the cost of HIV medications, Medicaid offers a
broader array of services, including covering fees for med-
ical and non-medical provider visits, non-HIV medica-
tions, laboratory testing, and referrals.
The DC Cohort, a district-wide, prospective, observa-

tional clinical cohort of PWH at 14 healthcare centers,
has examined laboratory monitoring, insurance, clinic
type, and HIV outcomes. Among Cohort participants,
84% were in continuous HIV care and 78 and 80%
underwent regular CD4 and VL monitoring, respectively
[11]. From 2011 to 2014, publicly-insured PWH were
less likely to achieve VS; privately-insured PWH had an
earlier time to VS; and public insurance was associated
with earlier time to virologic failure [9]. Further, PWH
concurrently receiving care at three or more clinics were
more likely to have public insurance and detectable VL,
as well as hypertension, cardiovascular disease, and men-
tal health issues [12]. To further probe these findings,

we first analyzed demographic characteristics of DC
Cohort participants by insurance type. We then
assessed the role of insurance type and clinic type on
HIV outcomes within the DC Cohort to examine
whether, in the setting of widely available health care
coverage in Washington, DC, PWH with public insur-
ance were more likely to have suboptimal HIV out-
comes than PWH with private insurance. Finally, we
analyzed the relationship between meeting laboratory
monitoring standards and durable VS.

Methods
Study setting and population
The DC Cohort enrolls PWH from clinics in Washington,
DC and merges their data into a centralized electronic
record [13]. Participants’ clinical and billing data are ab-
stracted from patient medical records and entered into a
web-based data entry system called Discovere® (Cerner
Corporation, Kansas City, MO). We included all active
participants aged 18 years and above enrolled in the DC
Cohort from 1/1/2011 through 9/30/2015 with at least 12
months of clinical visits or laboratory data prior to 9/30/
2016. Patients who switched insurance after their DC Co-
hort enrollment and those whose insurance information
was ‘other’ (clinical research study, Other, Insurance ter-
minated, or Self pay) or ‘unknown’ were excluded.
Of 14 DC cohort clinics, 12 were included in this ana-

lysis: one clinic was excluded because participants had
insufficient follow up time to be included; and the Vet-
erans Administration (VA) Medical Center was excluded
due to structural differences in the funding of medical
care at this site. Of the 12 clinics, seven are based in
private academic hospitals (‘hospital clinics’); four are
federally qualified health centers and one is a private
nonprofit community clinic (‘community clinics’) (DC
Cohort Data and Statistics Coordinating Center. DC Co-
hort Site Specific Benchmark Report. March, 2015).
The study protocol, consent forms, and research in-

struments were approved by the George Washington
University Institutional Review Board (IRB), the DC
Department of Health (DOH) IRB, and the IRBs of the
individual clinics. Details of the DC Cohort study design
have been described previously [13].

Main predictor
Eligible patients’ primary insurance type was classified as
public or private; secondary insurance type was not ana-
lyzed. Public insurance included Medicare, Medicaid,
Ryan White/ADAP, DC Alliance, or other form of public
insurance. Private insurance included commercial payer
policies and Affordable Care Act plans. No patients were
classified as uninsured.

Goldstein et al. BMC Public Health          (2020) 20:509 Page 2 of 9



Main outcomes
HIV outcomes were those defined by the Institute of
Medicine (IOM) [14], specifically regular CD4 cell and
HIV RNA monitoring and durable VS. Regular CD4 and
VL monitoring were defined as ≥2 CD4 and ≥ 2 VL test
results in the 12 months following the index date, with
at least 30 days between tests. Index date was defined as
the later of two dates: 1) date of ART initiation, and 2)
date of enrollment into the DC Cohort. Durable VS was
defined as HIV RNA < 50 copies/mL at last lab assay
among PWH on ART for ≥12 months.

Treatment initiation type
ART status was determined at enrollment date. Participants
with a reported history of taking ARVs before enrollment
were classified as treatment-experienced; participants with
no reported history of taking ARVs before enrollment were
classified as treatment-naïve. Treatment initiation is a proxy
for duration of infection and previous exposure to ARVs
before enrollment.

Data analysis
Descriptive statistics were generated. Differences by
ART status were assessed using χ2 or two sample t-tests,
as appropriate.
To assess the main effect of insurance type on durable

VS among both ART-naïve and ART-experienced partici-
pants, a multivariable logistic regression model was com-
puted. Models were adjusted for demographic characteristics
(age, gender, race/ethnicity, housing and employment status),
years since HIV diagnosis, HIV transmission risk categories,

and AIDS diagnosis. Sum of comorbid diseases (drug abuse,
depression, psychotic disorder, hypertension, and hepatitis C)
was calculated. The covariate age was considered as both a
continuous variable categorized in 10-year intervals and as a
fractional polynomial to assess its linearity on outcomes. Lin-
earity was confirmed and age as a continuous variable cate-
gorized in 10-year intervals was selected for inclusion in the
final model. Interaction effects by both insurance and clinic
site were also assessed.
Several multivariable models were computed, includ-

ing backward elimination, stepwise and forward models.
Model goodness of fit for each of these three modelling
strategies was assessed using Hosmer-Lemeshow statistic
with χ2 tests. Estimates were compared across models.
The final model, the backward elimination model, was
selected based on its model fit and parsimony relative to
the other models. The five most common comorbid con-
ditions (drug abuse, depression, psychotic disorder,
hypertension, and hepatitis C) were modeled as the sum
of all conditions to reflect additional burden of increas-
ing comorbidities. The joint effect was not statistically
significant on the relationship between insurance and
outcomes and therefore it was excluded in the final
model. All analyses were conducted in SASR (version
9.3), Copyright© 2011, SAS Institute Inc., Cary, NC,
USA.

Results
Of 7389 patients enrolled in the DC Cohort from 1/1/
2011 through 9/30/2015, 3908 met inclusion criteria for
this analysis (Fig. 1).

Fig. 1 Study Attrition Flowchart
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Of these 3908 PWH, 2652 (67.9%) were publicly-
insured, 3723 (95.3%) were ART-experienced at study en-
rollment and 2300 (58.9%) received care at community
clinics. In treatment-stratified comparisons by insurance
status, publicly-insured PWH comprised 68.1% of the
ART-experienced and 62.2% of the ART-naïve groups
(see Table 1). Compared with privately insured PWH, a
higher proportion of publicly-insured PWH were female,
black, heterosexual, unemployed, and receiving care at
community clinics. Overall, publicly-insured PWH had a
higher prevalence of the five comorbidities assessed at en-
rollment than privately-insured PWH.

Laboratory monitoring
By IOM quality of care standards in unadjusted analysis,
82.8% of all PWH achieved regular CD4 monitoring,
83.9% achieved regular VL monitoring, and 72.2%
achieved durable VS. In unadjusted analyses, among
ART-naïve PWH, publicly-insured participants were sig-
nificantly more likely than those with private insurance
to meet the VL monitoring standard (83.5% vs 70.0%,
p = 0.042) and were more likely to meet the CD4 moni-
toring standard, although not statistically significant
(79.1% vs 65.7%, p = 0.057) (see Table 2). At community-
based clinics, ART-naïve PWH with public insurance
were more likely to meet the CD4 monitoring standard
than privately-insured PWH (78.1% vs 41.2%, p = 0.006)
yet no more likely for VL monitoring (82.2% vs 64.7%,
p = 0.180).
Among ART-experienced PWH, those with public in-

surance were more likely to meet the CD4 monitoring
standard (84.9% vs 79.7%, p < 0.0001) and VL monitoring
standard (86.4% vs 79.5%, p < 0.0001) than those with
private insurance (see Table 3). ART-experienced PWH
at community clinics received more regular CD4 moni-
toring (84.9% vs 80.8%, p = 0.001) and VL monitoring
(87.1% vs 80.1%, p < 0.001) than those at hospital clinics.
ART-experienced publicly-insured PWH at hospital
clinics are more likely to meet the CD4 monitoring
standard (public 84.1% vs private 78.6%, p = 0.009) and
the VL monitoring standard (83.1% public vs 78.1% pri-
vate, p = 0.020).

HIV outcomes
In unadjusted analysis, privately-insured ART-naïve
PWH were less likely to meet the CD4 and VL monitor-
ing standards but more likely to experience durable VS
than those with public insurance (70.0% vs 53.1%, p =
0.030) (see Table 2). Among ART-naïve PWH, durable
VS did not differ by clinic type (hospital 53.7% vs com-
munity 65.6%, p = 0.134). However, at hospital clinics,
ART-naïve privately-insured PWH were significantly
more likely to achieve durable VS than publicly-insured
PWH (66.1% vs 38.1%, p = 0.008). ART-naïve PWH with

public insurance at community clinics had a significantly
longer period from HIV diagnosis to ART initiation than
those at hospital clinics (85.1 vs 31.3 months, p =
0.0001).
Among ART-experienced PWH, although publicly-

insured PWH were more likely to meet CD4 and VL
monitoring standards, they were less likely than private-
insured PWH to have durable VS (69.4% vs 80.2%, p <
0.0001). Similarly, ART-experienced PWH at community
clinics received more regular CD4 and VL monitoring
but were less likely to achieve durable VS than those at
hospital clinics (hospital 77.1% vs community 69.8%, p <
0.0001) (see Table 3). This finding is especially pro-
nounced at hospital clinics when including insurance in
the analysis: despite being more likely to meet CD4 and
VL monitoring standards, ART-experienced publicly-
insured PWH at hospital clinics are less likely to achieve
durable VS than privately-insured PWH (68.6% vs 82.8%
p < 0.0001).

Multivariate analysis
Multivariate regression modeling adjusting for demo-
graphic characteristics, years since HIV diagnosis, HIV risk
categories, and AIDS diagnosis among ART-experienced
PWH showed no significant difference in durable VS by
insurance type or by site (see Table 4). However, in the
adjusted model, among those attending hospital clinics,
privately-insured PWH were more likely to have durable
VS compared with publicly-insured PWH (AOR= 1.59,
95% CI: 1.20, 2.12; p = 0.001).
For every 10 years in age, the odds of achieving durable

VS increased by almost 30% (AOR 1.30, CI 1.21–1.38,
p < .0001). We found that both non-Hispanic (NH) whites
and Hispanics had an increased likelihood of durable VS
compared to NH blacks (NH whites: AOR 1.46; CI 1.13–
1.95, p = 0.043; Hispanics: AOR 2.46, CI 1.66–3.65, p <
0.001). Durable VS was inversely associated with having
an AIDS diagnosis. Neither housing status nor mode of
HIV transmission was significant.

Discussion
In Washington, DC, early Medicaid expansion and a
well-funded ADAP have provided broad healthcare ac-
cess with potential to improve HIV care outcomes.
However, this post-ACA analysis shows important dis-
parities in the rates of HIV laboratory monitoring and
durable VS in publicly- and privately-insured PWH in
Washington, DC. Despite 72% overall prevalence of dur-
able VS among DC cohort participants with stable insur-
ance, inequities in HIV outcomes clearly exist. Among
both ART-naïve and -experienced PWH in unadjusted
analysis, those with public insurance were more likely to
meet IOM VL and CD4 monitoring standards yet less
likely to experience durable VS than those with private
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Table 1 Sociodemographic and clinical characteristics by antiretroviral therapy (ART) status among DC Cohort participants at study
enrollment, including comparisons within ART status by insurance type in Washington, DC, 2011–2015

ART-experienced ART-naïve ART-experienced
Only2

ART-naïve
Only3

N (%)
3723 (95.3)

N (%)
185 (4.7)

Public vs Private Public vs Private

Characteristic Total N (%) Public Private Public Private P-value1 P-value P-value

3908 2537(68.1) 1186(31.9) 115(62.2) 70(37.8) 0.089

Age

Mean 46.3 47.3 45.3 40.0 39.2 <.0001 <.0001 0.693

IQR 38.0–55.0 40.0–56.0 38.0–53.0 26.0–53.0 31.0–46.0

Years since HIV diagnosis4

Mean 13.3 13.4 14.0 7.3 5.9 <.0001 0.696 0.043

IQR 6.4–19.1 6.3–19.1 7.9–20.1 2.5–8.1 1.6–7.0

Sex at birth

Female 1190(30.4) 918(36.2) 227(19.1) 37(32.2) 8(11.4) 0.064 <.0001 0.001

Male 2718(69.6) 1619(63.8) 959(80.9) 78(67.8) 62(88.6)

Race/Ethnicity

Hispanic 198(4.8) 115(4.5) 61(5.1) 4(3.5) 9(12.9) 0.420 <.0001 <.0001

NH Black 3025(77.4) 2204(86.7) 678(57.2) 107(93.0) 36(51.4)

NH White 538(13.8) 160(6.3) 354(29.9) 2(1.7) 22(31.4)

Other/Unknown 156(4.0) 58(2.3) 93(7.8) 2(1.7) 3(4.3)

Housing

Permanent 3226 (82.6) 1959(77.2) 1125(94.9) 78(67.8) 64(91.4) 0.076 <.0001 0.001

Temporary 272(7.0) 245(9.7) 12(1.0) 14(12.2) 1(1.4)

Other/Unknown 410(10.5) 333(13.1) 49(4.1) 23(20.0) 5(7.1)

Employment

Employed 1220(31.2) 336(13.2) 812(68.5) 23(20.0) 49(70.0) 0.076 <.0001 <.0001

Unemployed 1248(31.9) 1119(44.1) 76(6.4) 42(36.5) 3(4.3)

Other/Unknown 1440(36.9) 1082(42.6) 298(25.1) 50(43.5) 18(25.7)

HIV Risk

MSM 1467(37.5) 716(28.2) 664(56.0) 39(33.9) 48(68.6) 0.027 <.0001 <.0001

IDU 242(6.2) 196(7.7) 33(2.8) 10(8.7) 3(4.3)

Heterosexual 1325(33.9) 981(38.7) 289(24.4) 46(40.0) 9(12.3)

Other/Unknown5 874(22.4) 644(25.4) 200(16.9) 20(17.4) 10(14.3)

History of AIDS 1424(36.4) 938(36.9) 459(38.7) 13(11.3) 14(20.0) <.0001 0.309 0.130

Clinic site

Hospital 1608(41.2) 601(23.7) 912(76.9) 42(36.5) 53(75.7) 0.005 <.0001 0.001

Community 2300(58.9) 1936(76.3) 274 23.1) 73(63.5) 17(24.3)

Comorbidities6

Drug abuse 625(16.0) 539(21.3) 58(4.9) 23(20.0) 5(7.1) 0.837 <.0001 0.020

Depression 770(19.7) 542(21.4) 198(16.7) 22(19.1) 8(11.4) 0.256 0.001 0.218

Psychoses 101(2.6) 98(3.9) 1(0.1) 2(1.7) 0(0) 0.238 <.0001 0.527

Hypertension 1261(32.3) 903(35.6) 311(26.2) 33(28.7) 14(20.0) 0.044 <.0001 0.224

Hepatitis C 519(13.3) 415(16.4) 80(6.8) 19(16.5) 5(7.1) 1.000 <.0001 0.074

Note: P-values computed using χ2 test for categorical variables and 2-sample t-test for continuous variables; P-values in bold denote statistical significance
at the 0.05 level. ART = antiretroviral therapy. IQR = interquartile range; MSM =men who have sex with men. VL = Viral Load
1 P-values refer to the χ2 or t-test between the ART-experienced and ART-naïve groups
2A total of 104 ART-experienced participants were excluded due to other/unknown insurance status
3A total of 11 ART-naive participants were excluded due to other/unknown insurance status4Year since HIV diagnosis computed as of June 30, 2015
5Other/unknown HIV risk defined as the sum of Blood Transfusion, Coagulation Disorder, Other, Perinatal, and Unknown categories
6Selected comorbidities based on top 5 most common conditions in the DC Cohort at study enrollment based on ICD-9/10 diagnosis data
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insurance, as suggested by an earlier Cohort analysis [9]
. Although the individual effects of site and insurance
did not persist in adjusted analyses, the site-insurance
interaction effect persisted, with privately-insured PWH
receiving care in hospital clinics significantly more likely
than publicly-insured PWH to achieve durable VS. This
is significant in light of a previous Cohort study showing
PWH at hospital clinics were less likely to be retained in
care than those at community clinics [11].
Frequent lab monitoring alone is not sufficient to pro-

duce VS among vulnerable PWH, as many factors that

determine successful medication adherence occur outside
of the clinic context. The significantly higher burden of
medical and mental health comorbidities faced by
publicly-insured PWH may affect their ability to adhere
with HIV medications due to pill burden, medication side-
effects, or drug-drug interactions. Mental health and sub-
stance use comorbidities are additional well-established
barriers to medication adherence [15–17]. Despite im-
proved access to government-sponsored health insurance,
publicly-insured PWH also face structural barriers to
health care such as medication copays (a one dollar copay

Table 2 IOM standards of care among treatment-naive DC Cohort participants, by insurance type and clinic type in Washington, DC,
2011–2015

Total N(%) Regular CD4
monitoringa N(%)

P-value Regular VL
monitoringb

N(%)

P-value Durable viral
suppressionc N(%)

P-value

Insurance

Public 115(62.2) 91(79.1) 0.057 96(83.5) 0.042 61(53.1) 0.030

Private 70(37.8) 46(65.7) 49(70.0) 49(70.0)

Site

Hospital-based 95(51.4) 73(76.8) 0.405 74(77.9) 0.870 51(53.7) 0.134

Community-based 90(48.7) 64(71.1) 71(78.9) 59(65.6)

Site*Insurance

Hospital-based/ Public 42(44.2) 34(80.9) 0.468 36(85.7) 0.137 16(38.1) 0.008

Hospital-based/ Private 53(55.8) 39(73.6) 38(71.7) 35(66.1)

Community-based/ Public 73(81.1) 57(78.1) 0.006 60(82.2) 0.183 45(61.6) 0.157

Community-based/ Private 17(18.9) 7(41.2) 11(64.7) 14(82.4)

Note: ART status was determined at enrollment date. P-values based on X2 statistics and cross checked with Fisher’s exact test
a Regular CD4 monitoring is defined as at least two CD4 lab measures 30 days apart in the 12 months following the index date
b Regular VL monitoring is defined as at least two CD4 lab measures 30 days apart in the 12 months following the index date
c Durable viral suppression is defined as last viral load < 50 copies/ML in the 12 months following the index date. Index date was defined as either the date of ART
initiation or the date of study enrollment, whichever was later

Table 3 IOM standards of care among treatment-experienced DC Cohort participants, by insurance type and clinic type in
Washington, DC, 2011–2015

Total N(%) Regular CD4
monitoringa N(%)

P-value Regular VL
monitoringb N(%)

P-value Durable virologic
suppression nc N (%)

P-value

Insurance

Public 2537(68.2) 2154(84.9) <.0001 2191(86.4) <.0001 1760(69.4) <.0001

Private 1186(31.8) 945(79.7) 943(79.5) 951(80.2)

Site

Hospital-based 1513(40.6) 1222(80.8) 0.001 1211(80.1) <.0001 1167(77.1) <.0001

Community-based 2210(59.4) 1877(84.9) 1923(87.1) 1544(69.8)

Site*insurance

Hospital-based/Public 601(39.7) 505(84.1) 0.009 499(83.1) 0.018 412(68.6) <.0001

Hospital-based/Private 912(60.3) 717(78.6) 712(78.1) 755(82.8)

Community-based/Public 1936(87.6) 1649(85.2) 0.417 1962(87.4) 0.151 1348(69.6) 0.574

Community-based/Private 274(12.4) 228(83.2) 231(84.3) 196(71.5)

Note: ART status was based on treatment status at study enrollment. P-values based on X2
aRegular CD4 monitoring is defined as at least two CD4 lab measures 30 days apart in the 12 months following the index date
bRegular VL monitoring is defined as at least two CD4 lab measures 30 days apart in the 12 months following the index date
cDurable viral suppression is defined as last viral load < 50 copies/ML in the 12 months following the index date. Index date was defined as either the date of ART
initiation or the date of study enrollment, whichever was the most recent
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for each DC Medicaid prescription can be a significant
financial obstacle for some), decreased health literacy, dif-
ficulty renewing public insurance in a timely manner to
prevent medication discontinuation, and lack of transpor-
tation to pharmacies for medication retrieval [18, 19].
Clinical indicators endorsed by the IOM are a one-size-

fits-all approach and do not account for insurance status,
which may act as a direct marker of socioeconomic status
[20]. Consistent with our findings, a study from New York
found PWH with fewer economic barriers had more ef-
fective self-management and required fewer clinical visits
to achieve VS [21]. Our results suggest that PWH with
public insurance may require a broader set of wrap-
around interventions than frequent laboratory monitoring
to achieve VS; possibilities include transportation assist-
ance, medication adherence assistance, elimination of
medication copays for Medicaid recipients, less frequent
mandatory renewals of public insurance, home- or
community-based medical visits, improved mental health
and substance use care linkage, and increased availability
of mental health and addiction services.
At hospital clinics in the DC Cohort, publicly-insured

PWH were less likely than privately-insured PWH to
achieve VS, despite increased lab monitoring. These re-
sults suggest that frequency of HIV monitoring should
be tailored not only to an individual’s socioeconomic in-
dicators for which insurance may be a proxy, but also to
clinic type. Within the DC Cohort, clinics with Patient-
Centered Medical Home components and programs ac-
tively monitoring retention and ART adherence have faster
time to ART initiation and VS [22]. Further research is

needed to identify if a clinic’s ability to effectively address
structural barriers to health care is improved by co-located
services such as on-site mental health providers, medical
case management (MCM), addiction services, dental ser-
vices, nutritionists, transportation assistance, legal services,
insurance navigation, and “Red Carpet” services. MCM, for
example, has been shown to improve retention in care but
not VS among PWH in Washington, DC [23].
“Red Carpet” programs (enacted in 4 of 8 hospital

clinics and 4 of 5 community clinics in the Cohort
between 2008 and 2012) offer immediate, post-HIV
diagnosis linkage to public benefits, insurance naviga-
tion, medical case management and HIV specialty med-
ical care. Through these programs, community clinics
may contribute to reducing disparities in durable VS
among publicly- and privately-insured PWH. Further
analysis of “Red Carpet” program availability and impact
is needed.
Our findings are consistent with another recent DC

Cohort analysis showing that PWH who were retained
in care were more likely to receive care at community
clinics, while those with VS were less likely to receive
care at community clinics [24]. Geographic clusters of
DC Cohort participants within Washington, DC with
low retention in care but high VS were located in more
affluent areas of Washington, DC. Thus, retention may
relate to but not fully predict VS. Retention measures
based on visit or lab frequency may misclassify PWH
suppressed on ART as not retained [25].
Unlike other large HIV clinical cohorts which capture

mainly MSM or heterosexual PWH, the DC Cohort

Table 4 Adjusted odds ratio (aOR) on factors associated with durable HIV virologic suppression among DC Cohort participants in
Washington, DC, 2011–2015

Factors Level Referencea aORb Lower 95% CI Upper 95% CI P-value

Insurance Private Public 1.02 0.76 1.37 0.908

Site of care Hospital Community 0.83 0.67 1.03 0.089

Insurance * Site Privately-Insured in Hospital Publicly-Insured in Hospital 1.59 1.20 2.12 0.001

Hospital with Privately-Insured Community with Privately-Insured 1.31 0.92 1.85 0.138

Employment status Unemployed Employed 0.77 0.61 0.98 0.033

Other/Unknown Employed 0.68 0.54 0.85 0.001

Age(at time of enrollment) Agec Ten year increment 1.30 1.21 1.38 <.0001

Race/Ethnicityd Hispanic NH Black 2.46 1.66 3.65 <.0001

NH White NH Black 1.49 1.13 1.95 0.004

Other/Unknown NH Black 1.41 0.93 2.13 0.105

AIDS diagnosis Yes No 0.61 0.52 0.71 <.0001

Years since enrollment Year One year increment 1.55 1.46 1.64 <.0001

Note: P-values based on X2. CI = confidence interval. aOR = adjusted odds ratio
aReference level for categorical variable is the group with largest number of PWH
b Multivariate regression modeling adjusted for demographic characteristics (age, gender, race/ethnicity, housing and employment status), years since HIV
diagnosis, HIV risk categories, and AIDS diagnosis
cPatient age is divided by 10, such that one unit increase in age represents the effect of 10 years
dRace/ethnicity was forced into the model that was selected by backward elimination procedure and cross checked with forward selection model
selection process
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represents a large urban cohort with diverse race/ethni-
city, insurance type, and HIV exposure risk (38% MSM;
34% heterosexual participants). This diverse sampling
permits a real-world look at the wide variety of factors
which influence HIV clinical outcomes in addition to
insurance type. Our sample diversity increases our confi-
dence that the effects on HIV outcomes on insurance
type and clinic site are generalizable across diverse
groups of PWH. It is of interest that our publicly-
insured patients tended to be more female, black, het-
erosexual, unemployed, and receiving care at community
clinics. Further correlative analyses probing more deeply
into these differences are ongoing within the DC Cohort.
The diversity of our clinics serving PWH permits evalu-
ation of specific opportunities to improve outcomes for
individuals of a particular risk group and simultaneously
decrease barriers to care that are similar for all people
with HIV.
Several limitations should be considered. Because the

DC Cohort does not provide pre-ACA data, we instead
analyzed by insurance type in the post-ACA period. The
cohort database lacks pharmacy data for medication ad-
herence assessments as well as data on site-level services
that impact care delivery; future analyses should include
adherence to drug refills as a predictor for virologic sup-
pression. Because the cohort database was not designed
to track individual changes in insurance over time, we
cannot account for underlying characteristics of Medic-
aid enrollees as Medicaid enrollment criteria changed.
Excluding PWH with changes to insurance status dur-

ing the study period potentially removed PWH with dis-
ruptive personal circumstances and perhaps suboptimal
virologic outcomes; however, PWH who cycle in and out
of HIV care with stable insurance were included in our
analysis. Incomplete data for employment and housing
status and lack of income data reduced the ability to
evaluate the impact of these socioeconomic factors on
HIV outcomes. We were unable to perform multivariate
interaction analyses on our data among ART-naïve
PWH due to small sample size. Secondary insurance
type was collected at baseline, but not analyzed.

Conclusion
The DC DOH aims for 90% of PWH on ART to achieve
VS by 2020; to meet this goal, we must continue to im-
prove outcomes for the most vulnerable PWH [26]. Pub-
licly insured PWH receiving care in hospital clinics have
worse virologic outcomes than their privately insured
peers, and additional work is needed to address this dis-
parity. Our data demonstrate that IOM standards for
laboratory monitoring do not predict virologic success in
diverse populations in Washington, DC. Guidelines for
quality of care need to be reconsidered to better serve
at-risk populations.

Abbreviations
ACA: Affordable Care Act; ADAP: AIDS Drug Assistance Program;
ART: antiretroviral therapy; ARV: antriretroviral; DC: District of Columbia;
IOM: Institute of Medicine; MCM: medical case management; MSM: men who
have sex with men; NH: non-Hispanic; PWH: people with HIV; VS: virologic
suppression; IRB: Institutional Review Board

Acknowledgements
Data in this manuscript were collected by the DC Cohort Study Group with
investigators and research staff located at: Cerner Corporation (Thilakavathy
Subramanian, Jeffery Binkley, Rob Taylor, Nabil Rayeed, Cheryl Akridge, Stacey
Purinton, Jeff Naughton); Children’s National Medical Center Adolescent
(Lawrence D’Angelo) and Pediatric (Natella Rahkmanina) clinics; The Senior
Deputy Director of the DC Department of Health HAHSTA (Michael Kharfen);
Family and Medical Counseling Service (Angela Wood, Michael Serlin);
Georgetown University (Princy Kumar); George Washington University
Medical Faculty Associates (David Parenti); George Washington University
Department of Epidemiology and Biostatistics (Amanda Castel, Alan
Greenberg, Anne Monroe, Lindsey Powers Happ, Maria Jaurretche, Brittany
Lewis, James Peterson, Naji Younes); Howard University Adult Infectious
Disease Clinic (Ronald Wilcox), and Pediatric Clinic (Sohail Rana); Kaiser
Permanente Mid-Atlantic (Michael Horberg); La Clinica Del Pueblo, (Ricardo
Fernandez); MetroHealth (Annick Hebou); National Institutes of Health (Carl
Dieffenbach, Henry Masur); Providence Hospital (Jose Bordon); Unity Health
Care (Gebeyehu Teferi); Veterans Affairs Medical Center (Debra Benator);
Washington Hospital Center (Maria Elena Ruiz); and Whitman-Walker Institute
(Deborah Goldstein, David Hardy).

Authors’ contributions
All authors have read and approved the manuscript.
D.G. designed the study, researched the data and wrote the manuscript.
D.H. designed the study, contributed to discussion, and edited the
manuscript.
A.M. reviewed and edited the manuscript.
Q.H. contributed to statistical design and researched the data.
R.H. contributed to statistical design and researched the data.
A.T. designed the study, contributed to statistical design, contributed to
discussion, and reviewed and edited the manuscript.

Funding
The DC Cohort is funded by the National Institute of Allergy and Infectious
Diseases, UM1 AI069503. The funder played no role in study design, data
analysis and interpretation, nor in writing the manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
The DC Cohort is approved by the George Washington University
Institutional Review Board (IRB #071029) and all participants signed informed
consent to participate. The study protocol, consent forms, and research
instruments were approved by the George Washington University IRB, the
DC Department of Health (DOH) IRB, and the IRBs of the individual clinics.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Whitman-Walker Institute, 1525 14th Street, NW, Washington, DC 20005,
USA. 2Division of Infectious Diseases, Department of Medicine, Georgetown
University Medical Center, Washington, DC, USA. 3Division of Infectious
Diseases, Johns Hopkins University School of Medicine, Baltimore, MD, USA.
4Department of Epidemiology and Biostatistics, Milken Institute School of
Public Health, George Washington University, Washington, DC, USA. 5Cerner
Corporation, Kansas City, MO, USA. 6Patient-centered Outcomes Research
Institute, Washington, DC, USA.

Goldstein et al. BMC Public Health          (2020) 20:509 Page 8 of 9



Received: 10 June 2019 Accepted: 1 April 2020

References
1. Yehia BR, Fleishman JA, Metlay JP, Moore RD, Gebo KA. Sustained viral

suppression in HIV-infected patients receiving antiretroviral therapy. JAMA.
2012;308.

2. Palella FJ, Baker RK, Buchacz K, Chmiel J, Tedaldi EM, Novak RM, et al.
Increased mortality among publicly insured participants in the HIV
outpatient study despite HAART treatment. AIDS. 2011;25.

3. Bhattacharya J, Goldman D, Sood N. The link between public and private
insurance and HIV-related mortality. J Health Econ. 2003;22.

4. Hellinger FJ. In four ACA expansion States, the percentage of uninsured
hospitalizations for people with HIV declined, 2012-2014. Health Aff.
2015;34:12.

5. Ludema C, Cole SR, Eron JJ Jr, Edmonds A, Holmes GM, Anastos K, et al.
Impact of health insurance, ADAP, and income on HIV viral suppression
among US women in the Women's interagency HIV study, 2006-2009. J
Acquir Immune Defic Syndr. 2016;73.

6. Yehia BR, Fleishman JA, Agwu AL, Metlay JP, Berry SA, Gebo KA. HIV
Research Network. Health Insurance Coverage for Persons in HIV Care,
2006–2012. JAIDS. 2014:67.

7. Hood JE, Buskin SE, Anderson BJ, Gagner A, Kienzle J, Maggio D, et al. A
cross-jurisdictional evaluation of insurance coverage among HIV care
patients following the affordable care act. AIDS Care. 2017;29.

8. Schneider G, Juday T, Wentworth C 3rd. Impact of health care payer type
on HIV stage of illness at time of initiation of antiretroviral therapy in the
USA. AIDS Care. 2013;25.

9. Castel AD, Kalmin MM, Hart RD, Young H, Hays H, Benator D et al on behalf
of the DC Cohort Executive Committee. Disparities in Achieving and
Sustaining Viral Suppression Among a Large Cohort of HIV-Infected Persons
in Care-Washington, D.C. AIDS Care. 2016; 28(11).

10. Jamison, P. (2017, January 25). GOP health proposals could cost D.C.
billions, report finds. The Washington Post. Available at: https://www.
washingtonpost.com/local/dc-politics/gop-health-proposals-could-cost-
dc-billions-report-finds/2017/01/24/527eba20-e289-11e6-a453-19ec4b3
d09ba_story.html?hpid=hp_local-news_medicaid-915am%3
Ahomepage%2Fstory&utm_term=.baa3c9a287e3. [Accessed 25 January
2017].

11. Castel AD, Terzian A, Hart R, Rayeed N, Kalmin MM, Young H, et al on behalf
of the DC Cohort Executive Committee. Use of national standards to
monitor HIV care and treatment in a high prevalence city--Washington, DC.
PLoS ONE. 2017;12: e0186036.

12. Castel AD, Terzian AS, Opoku J, Happ LP, Younes N, Kharfen M et al on
behalf of the DC Cohort Executive Committee. Defining Care Patterns and
Outcomes Among Persons Living with HIV in Washington, DC: Linkage of
Clinical Cohort and Surveillance Data. JMIR Public Health Surveillance, 2018;
4(1):e23.

13. Greenberg AE, Hays H, Castel AD, Subramanian T, Happ LP, Jaurretche MJ,
et al on behalf of the DC Cohort Executive Committee. Development of a
large urban longitudinal HIV clinical cohort using a web-based platform to
merge electronically and manually abstracted data from disparate medical
record systems: technical challenges and innovative solutions. J Am Med
Inform Assoc. 2016; 23.

14. Institute of Medicine of the National Academies. Monitoring HIV care in the
United States, Indicators and data systems. Washington, DC: The National
Academies Press, 2012: 150–2.

15. Golin CE, Liu H, Hays RD, Miller LG, Beck CK, Ickovics J, et al. A prospective
study of predictors of adherence to combination antiretroviral medication. J
Gen Intern Med. 2002;17.

16. Gordillo V, del Amo J, Soriano V, Gonzalez-Lahoz J. Sociodemographic and
psychological variables influencing adherence to antiretroviral therapy. AIDS.
1999;13.

17. Mellins CA, Havens JF, McDonnell C, Lichtenstein C, Uldall K, Chesney M,
et al. Adherence to antiretroviral medications and medical care in HIV-
infected adults diagnosed with mental and substance abuse disorders. AIDS
Care. 2009;21.

18. Walker RL, Hong JH, Talavera DC, Verduzco M, Woods SP. Health literacy
and current CD4 cell count in a multiethnic U.S. sample of adults living with
HIV infection. Int J STD AIDS. 2017:29.

19. Wohl DA, Kuwahara RK, Javadi K, Kirby C, Rosen DL, Napravnik S, et al.
Financial barriers and lapses in treatment and care of HIV-infected adults in
a southern state in the United States. AIDS Patient Care STDs. 2017;31.

20. Burch LS, Smith CJ, Phillips AN, Johnson M, Lampe FC. Socioeconomic
status and response to antiretroviral therapy in high-income countries: a
literature review. AIDS. 2016;30.

21. Feller DJ, Agins BD. The dissociation between viral load suppression and
retention in care. AIDS Patient Care STDs. 2016;30.

22. Monroe AK, Rayeed N, Jaurretche M, Powers Happ L, Trac C, Terzian A,
Greenberg A, et al, on behalf of the DC Cohort Executive Committee. Clinic-
level factors associated with time to viral suppression in Washington, DC.
Conference on Retroviruses and Opportunistic Infections, Boston MA, 2018.
Poster 1123.

23. Willis S, Castel AD, Ahmed T, Olejemeh C, Frison L, Kharfen M, et al. Linkage,
engagement, and viral suppression rates among HIV-infected persons
receiving care at medical case management programs in Washington. DC
JAIDS. 2013;64:S33–41.

24. Terzian AS, Younes N, Greenberg J, Opoku J, Hubbard J, Happ LP, et al.
Identifying spatial variation along the HIV care continuum: the role of
distance to care on viral suppression. AIDS Behav. 2018.

25. Monroe AK, Fleishman JA, Voss CC, Keruly JC, Nijhawan AE, Agwu AL, et al.
Assessing antiretroviral use during gaps in HIV primary care using multisite
Medicaid claims and clinical data. JAIDS. 2017;76.

26. 90/90/90/50 Plan: Ending the HIV Epidemic in the District of Columbia by
2020. Available at: https://doh.dc.gov/sites/default/files/dc/sites/doh/page_
content/attachments/DC%2090-90-90-50%20Plan%20-%20FINAL.pdf.
[Accessed on 16 December 2017].

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Goldstein et al. BMC Public Health          (2020) 20:509 Page 9 of 9

https://www.washingtonpost.com/local/dc-politics/gop-health-proposals-could-cost-dc-billions-report-finds/2017/01/24/527eba20-e289-11e6-a453-19ec4b3d09ba_story.html?hpid=hp_local-news_medicaid-915am%3Ahomepage%2Fstory&utm_term=.baa3c9a287e3
https://www.washingtonpost.com/local/dc-politics/gop-health-proposals-could-cost-dc-billions-report-finds/2017/01/24/527eba20-e289-11e6-a453-19ec4b3d09ba_story.html?hpid=hp_local-news_medicaid-915am%3Ahomepage%2Fstory&utm_term=.baa3c9a287e3
https://www.washingtonpost.com/local/dc-politics/gop-health-proposals-could-cost-dc-billions-report-finds/2017/01/24/527eba20-e289-11e6-a453-19ec4b3d09ba_story.html?hpid=hp_local-news_medicaid-915am%3Ahomepage%2Fstory&utm_term=.baa3c9a287e3
https://www.washingtonpost.com/local/dc-politics/gop-health-proposals-could-cost-dc-billions-report-finds/2017/01/24/527eba20-e289-11e6-a453-19ec4b3d09ba_story.html?hpid=hp_local-news_medicaid-915am%3Ahomepage%2Fstory&utm_term=.baa3c9a287e3
https://www.washingtonpost.com/local/dc-politics/gop-health-proposals-could-cost-dc-billions-report-finds/2017/01/24/527eba20-e289-11e6-a453-19ec4b3d09ba_story.html?hpid=hp_local-news_medicaid-915am%3Ahomepage%2Fstory&utm_term=.baa3c9a287e3
https://www.ncbi.nlm.nih.gov/pubmed/26721732
https://www.ncbi.nlm.nih.gov/pubmed/26721732
https://www.ncbi.nlm.nih.gov/pubmed/26721732
https://www.ncbi.nlm.nih.gov/pubmed/26721732
https://www-ncbi-nlm-nih-gov.proxygw.wrlc.org/pubmed/26721732
https://www-ncbi-nlm-nih-gov.proxygw.wrlc.org/pubmed/26721732
https://doh.dc.gov/sites/default/files/dc/sites/doh/page_content/attachments/DC%2090-90-90-50%20Plan%20-%20FINAL.pdf
https://doh.dc.gov/sites/default/files/dc/sites/doh/page_content/attachments/DC%2090-90-90-50%20Plan%20-%20FINAL.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study setting and population
	Main predictor
	Main outcomes
	Treatment initiation type
	Data analysis

	Results
	Laboratory monitoring
	HIV outcomes
	Multivariate analysis

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

