
Sex, Race, and HIV Risk Disparities in Discontinuity
of HIV Care After Antiretroviral Therapy Initiation

in the United States and Canada

Peter F. Rebeiro, PhD, MHS,1 Alison G. Abraham, PhD, MHS, MS,2 Michael A. Horberg, MD, MAS,3

Keri N. Althoff, PhD, MPH,2 Baligh R. Yehia, MD, MPP, MSc,4 Kate Buchacz, PhD,5

Bryan M. Lau, PhD, MHS,2 Timothy R. Sterling, MD,1 and Stephen J. Gange, PhD,2

for the North American AIDS Cohort Collaboration On Research and Design (NA-ACCORD)

Abstract

Disruption of continuous retention in care (discontinuity) is associated with HIV disease progression. We
examined sex, race, and HIV risk disparities in discontinuity after antiretroviral therapy (ART) initiation among
patients in North America. Adults (‡18 years of age) initiating ART from 2000 to 2010 were included.
Discontinuity was defined as first disruption of continuous retention (‡2 visits separated by >90 days in the
calendar year). Relative hazard ratio (HR) and times from ART initiation until discontinuity by race, sex, and
HIV risk were assessed by modeling of the cumulative incidence function (CIF) in the presence of the
competing risk of death. Models were adjusted for cohort site, baseline age, and CD4+ cell count within 1 year
before ART initiation; nadir CD4+ cell count after ART, but before a study event, was assessed as a mediator.
Among 17,171 adults initiating ART, median follow-up time was 3.97 years, and 49% were observed to have
‡1 discontinuity of care. In adjusted regression models, the hazard of discontinuity for patients was lower for
females versus males [HR: 0.84; 95% confidence interval (CI): 0.79–0.89] and higher for blacks versus non-
blacks (HR: 1.17; 95% CI: 1.12–1.23) and persons with injection drug use (IDU) versus non-IDU risk (HR:
1.33; 95% CI: 1.25–1.41). Sex, racial, and HIV risk differences in clinical retention exist, even accounting for
access to care and known competing risks for discontinuity. These results point to vulnerable populations at
greatest risk for discontinuity in need of improved outreach to prevent disruptions of HIV care.
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Introduction

Retention in clinical care is important for achieving
HIV treatment success.1–4 Despite these benefits, dis-

parities in retention have been noted across race, sex, and HIV
acquisition risk groups by multiple researchers.2–7 As such, the
US National HIV/AIDS Strategy (NHAS) has set a goal of
diminishing these disparities, focusing on racial/ethnic mi-
norities.8,9 Retention is part of the HIV continuum of care.10

Once patients access antiretroviral therapy (ART) after linkage

to care, they may subsequently progress toward virologic
suppression and improved outcomes or, conversely, toward
AIDS and/or death. Throughout this process, patients may
remain in continuous care or cycle in and out of care (a process
described as churn).11 Patients may meet retention definitions,
but not be placed on ART due to patient/provider preference,
lack of insurance coverage, housing instability, or drug use; or
if on ART, they may not be adherent with therapy.12

In the same studies noting race, sex, and HIV acquisition
risk associations with retention in care, poorer immune health

1Vanderbilt University School of Medicine, Department of Medicine, Division of Infectious Diseases, Nashville, Tennessee.
2Johns Hopkins University, Bloomberg School of Public Health, Department of Epidemiology, Baltimore, Maryland.
3Mid-Atlantic Permanente Research Institute, Kaiser Permanente Mid-Atlantic States, Rockville, Maryland.
4University of Pennsylvania, Perelman School of Medicine, Department of Medicine, Philadelphia, Pennsylvania.
5Division of HIV/AIDS Prevention, Centers for Disease Control and Prevention, Atlanta, Georgia.
Disclaimer: The findings and conclusions in this report are those of the authors and do not necessarily represent the views of the Centers

for Disease Control and Prevention.

AIDS PATIENT CARE and STDs
Volume 31, Number 3, 2017
ª Mary Ann Liebert, Inc.
DOI: 10.1089/apc.2016.0178

129



has also been a powerful predictor of retention independent
of other characteristics, partly because sicker patients may
require more frequent care.13–16 However, studies examining
sex differences in retention or interruption of therapy have
been limited in the generalizability of their findings due to
being performed in the context of clinical trials, in resource-
limited settings, or at single clinical sites.17–20 Where racial
and HIV risk disparities in retention and HIV outcomes are
concerned, many of the aforementioned studies have also
noted significant differences for persons of black race and
those with injection drug use (IDU),4,5,9,12,14,16 although at
least one clinical cohort has noted a resolution of racial dis-
parities in HIV outcomes in its recent history.21 These studies
have also been limited by lack of information on ART use or
have used different methods to adjust for the ART status of
their participants while examining retention outcomes.

While race, sex, and HIV acquisition risk factor cannot be
modified, the identification of disparities can be helpful in
focusing policy, programs, and funding choices toward those
groups that require more intensive interventions.22,23 We
therefore examined disparities in discontinuity of care after
ART initiation by sex, race, and HIV risk factor among pa-
tients in a large collaborative cohort in the United States and
Canada.5,10 We chose to focus on males, black patients, and
those with IDU HIV risk factors as they constitute highly
vulnerable populations with poorer HIV outcomes, including
retention, both nationally and within our cohort.1–3,5–7,9

Methods

Population and study design

The North American AIDS Cohort Collaboration on Re-
search and Design (NA-ACCORD) is a multisite collabora-
tion of cohort studies of HIV-infected individuals receiving
care in the United States and Canada.24 The NA-ACCORD
comprises a large patient population that is demographically
similar to persons living with HIV/AIDS (PLWHA) in the
United States.25 The Institute of Medicine (IOM) endorsed
the NA-ACCORD as one of 12 data systems appropriate to
assess quality of care measures (including retention in care)
in monitoring progress in the NHAS and Affordable Care
Act.5 Details on the NA-ACCORD collaboration and par-
ticipating cohort studies have been published previously.26

Briefly, at scheduled intervals, these cohorts submit data re-
garding enrolled participants’ demographic characteristics,
vital status, prescribed antiretrovirals (ART), clinical diag-
noses, and dates and results of laboratory tests, including
HIV-1 RNA and CD4+ cell count. Among clinical cohorts,
only patients with ‡2 HIV primary care visits within 12
months are included in the NA-ACCORD; the patient’s en-
rollment date is the date of the first visit after which they meet
this criterion. Death is determined by each contributing co-
hort using the National Death Index, Social Security Death
Index, state, and local sources, including death certificates
and electronic medical records. The human subjects’ activi-
ties of NA-ACCORD have been approved by the institutional
review boards of all participating sites.

Inclusion criteria and variables of interest

Participants in clinical cohorts of the NA-ACCORD with
primary care visit, race/ethnicity, sex, and HIV acquisition

risk data were included in this analysis. Clinical retention is
not reflected in the visit structure of interval cohorts, whose
participants were thus excluded. The 13 included cohorts
comprise patients residing in all 50 US states, Washington
DC, Puerto Rico, and 5 Canadian provinces.

We analyzed data from ART-initiating HIV-infected
adults (‡18 years of age) who had ‡1 HIV primary care en-
counter between January 2000 and December 2010 and ‡1
CD4+ count after ART initiation before death or first dis-
continuity of retention. This allowed us to focus on persons
who likely had equivalent access to HIV care.

Retention in care was defined using the IOM definition: ‡2
HIV primary care visits within 12 months, but at least 90 days
apart, beginning with the year following the patient’s ART
initiation during the study period.5 We have previously
evaluated the consistency of this definition with the Depart-
ment of Health and Human Services (DHHS) indicator as
well as with laboratory-based proxies.27,28 This retention
measure has also been noted to correlate strongly with several
other metrics and to be independently associated with nega-
tive clinical outcomes such as lack of viral suppression.1,5,29–31

This retention definition was anchored to calendar time to
create estimates comparable with other studies and clinic-
level reports applying the indicator in regular reporting in-
tervals. Disruption of continuous retention (discontinuity)
was defined as the first instance of failing to meet the IOM
indicator definition in any calendar year after ART initiation
and before study follow-up ended. This definition of dis-
continuity was chosen to highlight risks and disparities for
failure to meet the benchmark measure of retention contained
in the NHAS, strengthening the ability of inferences from this
study to inform policy and future interventions to improve
retention. Therefore, the first calendar year following the year
of ART initiation in which an individual failed to have ‡2
visits, >90 days apart (before death or the end of the study),
was deemed the year of discontinuity. ART initiation was
defined as the first recorded prescription of ‡3 antiretroviral
agents from ‡2 classes, or a triple nucleoside/nucleotide re-
verse transcriptase inhibitor (NRTI) regimen, following entry
to care and with no prior HIV-1 RNA <200 copies/mL.

Event of interest, competing event, and follow-up

The event of interest was first discontinuity before end of
study period (December 31, 2010), with all-cause mortality
treated as a competing event. In particular, we were con-
cerned that groups at higher risk of death would appear to be
poorly retained simply due to increased mortality. In-
dividuals who neither died nor experienced discontinuity
before the end of the study period were censored at their final
primary care visit before December 31, 2010. Baseline (T0)
was ART initiation, and the time of origin for the analysis
was 1 year after ART initiation (denoted as ART initiation
+1). Discontinuity was assessed as the last visit date in the
first year with disruption of retention after ART initiation
(described above).

Exposures of interest and factors associated
with death and discontinuity in retention

Birth year, race, HIV transmission risk group, sex, closest
CD4+ count measured within 1 year before ART initiation,
CD4+ count nadir after ART initiation, but before study exit,
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and median CD4+ count in each year after ART initiation
were identified as potential confounders. Race was catego-
rized as black or nonblack (nonblack included white race,
Hispanic/Latino ethnicity, and other/unknown race). HIV
transmission risk group was divided into IDU or non-IDU
(non-IDU included men who have sex with men [MSM],
heterosexual contact, and other/unknown risk factors). Pa-
tients with both sexual and IDU transmission risk were cat-
egorized as IDU. We chose not to focus on Hispanic/Latino
ethnicity or MSM HIV risk in our primary analyses due to
superior retention among these groups in our cohort; our
intent here was to explore the timing and risk of inferior
retention outcomes.4,8 Race and HIV transmission risk were
dichotomized as described to create categories so that relative
risks and times to discontinuity could be more easily visu-
alized and to highlight disparities by high burden and high
incidence groups with poorer HIV outcomes in the United
States and Canada.1–3,8,9 CD4+ counts were categorized as
<200, 200–349, 350–499, ‡500 cells/mm3, or missing. Pa-
tients were classified as using ART if they were prescribed
ART for ‡1 month in a calendar period. Cohort site was
treated as a confounding factor due to potential differences in
clinical practice between sites that may have influenced
discontinuity.

Statistical analyses

Bivariate comparisons of patient characteristics and event
types by exposure status (female vs. male, black vs. nonblack,
and IDU vs. non-IDU) were conducted using the v2 test for
categorical variables or the Kruskal–Wallis test for continu-
ous variables.

A competing risks analysis of time from ART initiation to
first discontinuity or death by sex, race, and HIV risk group
was conducted by regression modeling of the cumulative
incidence function (CIF). This approach yielded the sub-
distribution hazard ratios (HRs) for failure due to disconti-
nuity in the presence of the competing event of death.32,33 A
bootstrap procedure with 1000 replicates was used to gen-
erate 95% confidence intervals (CIs) for the CIF.

All models were adjusted for age at ART initiation (scaled
by 10 years), baseline CD4+ count, sex, black race, and IDU
as HIV acquisition risk factor. Stabilized inverse probability
of selection weights (IPWs) was used to minimize con-
founding and produce stratified adjusted hazards in addition
to estimates produced through direct adjustment for covari-
ates in regression modeling of the CIF. Details of the con-
struction, truncation, and distribution of weights may be
found in the Appendix.32–36 All weights were constructed and
models adjusted using cohort site as a covariate.

Nadir CD4+ count after ART initiation and median CD4+

count in each year after ART initiation were used in addi-
tional analyses to reveal disparities after accounting for me-
diation by CD4+ count. Separate adjusted models were also
fitted among males with MSM HIV risk, non-MSM males,
females, white patients, and black patients so that the impacts
of sex, race, and IDU could be isolated within these strata;
these models were also adjusted by age, baseline CD4+ count,
nadir CD4+ count after ART initiation, and cohort site. Fi-
nally, a secondary analysis adjusting for year of ART initi-
ation in addition to all other demographic, HIV risk, and
clinical factors, to account for secular trends by ART era, was

conducted, modeling ART initiation year using a restricted
cubic spline with four knots.37,38

Analyses were conducted and graphics produced using R
v. 3.0.3 (www.r-project.org).

Results

Among 17,171 adults initiating ART from January 2000 to
December 2010, the median follow-up time was 3.97 years
(interquartile range: 1.85–6.21 years) (Table 1). During the
study period, 49% of participants experienced discontinuity,
9% died before discontinuity, and 42% were retained in care
without experiencing either event. In addition, the distribu-
tion of times until censoring was shorter comparing females
with males (median 5.44 vs. 5.87 years, p < 0.001) and longer
for death while in care comparing IDU with non-IDU persons
(median 3.16 vs. 2.66 years, p = 0.001) (Tables 2–4). Females
were younger than males ( p < 0.001), and patients with IDU
risk were older than non-IDU patients ( p < 0.001). Baseline
CD4+ count at ART initiation was lower for black than
nonblack patients, males than females, and non-IDU than
IDU patients (each p < 0.05, Tables 2–4). Nadir CD4+ count
after ART initiation, but before first discontinuity, death, or
censoring, was lower among black compared with nonblack
patients (144 vs. 176 cells/mm3, p < 0.01).

In univariate regression, there was decreased risk of dis-
continuity for older individuals (HR: 0.57; 95% CI: 0.56–
0.58 per 10-year increase in age), while there was increased

Table 1. Distribution of Demographic, Risk,

and Clinical Characteristics and Endpoints

Among 17,171 Antiretroviral Therapy Initiators

in the North American AIDS Cohort Collaboration

on Research and Design, 2000–2010

Characteristica N (%)

Total 17,171 (100)
Age (years) 47.1 (39.7, 55.1)

Sex
Male 14,371 (84)
Female 2800 (16)

Race
Nonblack 9606 (56)
Black 7565 (44)

HIV risk
Non-IDU 13,959 (81)
IDU 3212 (19)

CD4+ countb (cells/mm3) 253 (88, 435)
Nadir CD4+ countc (cells/mm3) 162 (43, 288)
HIV-1 RNAd (log10 copies/mL) 4.525 (3.29, 5.15)
Time in follow-up (years) 3.97 (1.9, 6.2)

Events during follow-up
Death 1511 (9)
Discontinuity in care 8367 (49)
Event free 7293 (42)

aNumbers presented as N (%) if categorical, as median (IQR) if
continuous.

bAt ART initiation, available for N = 14,356 individuals.
cAfter ART initiation, available for N = 17,171 individuals.
dAt ART initiation, available for N = 14,261 individuals.
ART, antiretroviral therapy; IDU, injection drug use; IQR,

interquartile range.
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risk for females versus males (HR: 1.26; 95% CI: 1.19–1.33)
and black versus nonblack (HR: 1.09; 95% CI: 1.05–1.14)
patients. There was no significant unadjusted association
between IDU and discontinuity (Table 5).

In adjusted regression models accounting for demographic
factors (Table 5), baseline CD4+ count, and nadir CD4+ count

after ART initiation, the hazard of discontinuity was signif-
icantly lower for older adults (HR: 0.61, per 10-year increase
in age) and females versus males (HR: 0.84), but was higher
for black versus nonblack (HR: 1.17) and for IDU versus non-
IDU risk (HR: 1.33). The hazard for mortality (the competing
event; Table 6) was not significantly different for females

Table 2. Characteristic Differences and Endpoint Distributions Among 17,171 Antiretroviral

Therapy Initiators in the North American AIDS Cohort Collaboration

on Research and Design, By Sex, 2000–2010

Characteristica Female Male p

Total 2800 (16) 14,371 (84)
Time in follow-up (years) 3.47 (1.7, 5.7) 4.07 (1.9, 6.3) <0.001
Age (years) 42 (35, 50) 48 (40, 56) <0.001
Race <0.001

Nonblack 1050 (11) 8556 (89)
Black 1750 (23) 5815 (77)

HIV risk 0.66
Non-IDU 2268 (16) 11,691 (84)
IDU 532 (17) 2680 (83)

CD4+ countb (cells/mm3) 264 (102, 448) 251 (86, 432) 0.02
Nadir CD4+ countc (cells/mm3) 163 (45, 284) 162 (43, 289) 0.83
HIV-1 RNAd (log10 copies/mL) 4.398 (3.45, 5.05) 4.548 (3.25, 5.17) 0.01

Event N Years in FU N Years in FU p

Death 177 2.65 (1.49, 3.95) 1334 2.80 (1.51, 4.71) 0.13
Discontinuity in care 1525 2.38 (1.40, 4.00) 6842 2.45 (1.42, 4.24) 0.10
Event free 1098 5.44 (3.88, 7.63) 6195 5.87 (4.30, 7.96) <0.001

p-Value calculated by v2 for categorical variables, Kruskal–Wallis for continuous variables.
aNumbers presented as N (%) if categorical, as median (IQR) if continuous.
bAt ART initiation, available for N = 14,356 individuals.
cAfter ART initiation, available for N = 17,171 individuals.
dAt ART initiation, available for N = 14,261 individuals.
ART, antiretroviral therapy; FU, follow-up; IDU, injection drug use; IQR, interquartile range.

Table 3. Characteristic Differences and Endpoint Distributions Among 17,171 Antiretroviral

Therapy Initiators in the North American AIDS Cohort Collaboration

on Research and Design, By Black Race, 2000–2010

Characteristica Black Nonblack p

Total 7565 (44) 9606 (56)
Time in follow-up (years) 3.82 (1.8, 6.0) 4.08 (1.9, 6.3) <0.001
Age (years) 47 (40, 55) 47 (39, 55) 0.62
Sex <0.001

Male 5815 (40) 8556 (60)
Female 1750 (62) 1050 (38)

HIV risk <0.001
Non-IDU 5731 (41) 8228 (59)
IDU 1834 (57) 1378 (43)

CD4+ countb (cells/mm3) 231 (66, 404) 270 (103, 456) <0.001
Nadir CD4+ countc (cells/mm3) 144 (30, 272) 176 (57, 302) <0.001
HIV-1 RNAd (log10 copies/mL) 4.521 (3.42, 5.13) 4.531 (3.21, 5.17) 0.99

Event N Years in FU N Years in FU p

Death 738 2.66 (1.51, 4.32) 773 2.88 (1.51, 4.82) 0.17
Discontinuity in care 3830 2.41 (1.42, 4.19) 4537 2.46 (1.40, 4.22) 0.75
Event free 2997 5.79 (4.23, 7.88) 4296 5.85 (4.26, 7.92) 0.77

p-Value calculated by v2 for categorical variables, Kruskal–Wallis for continuous variables.
aNumbers presented as N (%) if categorical, as median (IQR) if continuous.
bAt ART initiation, available for N = 14,356 individuals.
cAfter ART initiation, available for N = 17,171 individuals.
dAt ART initiation, available for N = 14,261 individuals.
ART, antiretroviral therapy; FU, follow-up; IDU, injection drug use; IQR, interquartile range.
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Table 4. Characteristic Differences and Endpoint Distributions Among 17,171 Antiretroviral

Therapy Initiators in the North American AIDS Cohort Collaboration on Research

and Design, By Injection Drug Use as HIV Risk Factor, 2000–2010

Characteristica IDU Non-IDU p

Total 3212 (19) 13,959 (81)
Time in follow-up (years) 3.85 (1.8, 6.1) 3.99 (1.9, 6.2) 0.30
Age (years) 50 (44, 55) 46 (39, 55) <0.001
Sex 0.66

Male 2680 (19) 11,691 (81)
Female 532 (19) 2268 (81)

Race <0.001
Nonblack 1378 (14) 8228 (86)
Black 1834 (24) 5731 (76)

CD4+ countb (cells/mm3) 266 (106, 455) 251 (84, 430) <0.001
Nadir CD4+ countc (cells/mm3) 160 (48, 281) 163 (42, 290) 0.65
HIV-1 RNAd (log10 copies/mL) 4.418 (3.28, 5.05) 4.547 (3.30, 5.17) <0.001

Event N Years in FU N Years in FU p

Death 340 3.16 (1.81, 4.86) 1171 2.66 (1.47, 4.45) 0.001
Discontinuity in care 1623 2.37 (1.40, 4.20) 6744 2.46 (1.42, 4.21) 0.48
Event free 1249 5.91 (4.24, 7.99) 6044 5.81 (4.25, 7.88) 0.26

p-Value calculated by v2 for categorical variables, Kruskal–Wallis for continuous variables.
aNumbers presented as N (%) if categorical, as median (IQR) if continuous.
bAt ART initiation, available for N = 14,356 individuals.
cAfter ART initiation, available for N = 17,171 individuals.
dAt ART initiation, available for N = 14,261 individuals.
ART, antiretroviral therapy; FU, follow-up; IDU, injection drug use; IQR, interquartile range.

Table 5. Hazard Ratios for and Median Times to Discontinuity of Retention,

from Unadjusted, Adjusted, and Weighted Competing Risks Regression Models

for the Cumulative Incidence Function with 95% Confidence Intervals

Characteristic
Discontinuity:

unadjusted HR (95% CI)

Discontinuity:
adjusteda HR

(95% CI)

Discontinuity:
weightedb HR

(95% CI)

Median timea,b

(years)
(95% CI)

Reaching
discontinuity

by 5 years (%)

Age (per 10 years) 0.57 (0.56–0.58) 0.61 (0.59–0.62)
Sex Difference = 1.08

Male Ref. Ref. Ref. 5.72 (5.40–5.87) 45
Female 1.26 (1.19–1.33) 0.84 (0.79–0.89) 1.03 (0.96–1.12) 6.80 (6.29–7.01) 40

Race Difference = -0.99
Nonblack Ref. Ref. Ref. 6.74 (6.27–7.07) 40
Black 1.09 (1.05–1.14) 1.17 (1.12–1.23) 1.12 (1.06–1.18) 5.75 (5.42–5.94) 45

HIV risk factor Difference = -1.77
Non-IDU Ref. Ref. Ref. 7.21 (6.73–7.46) 38
IDU 1.05 (0.99–1.10) 1.33 (1.25–1.41) 1.12 (1.06–1.20) 5.44 (5.08–5.64) 47

CD4+ cell count
<200 Cells/mm3 Ref. Ref.
200–349 Cells/mm3 1.12 (1.05–1.19) 1.00 (0.94–1.08)
350–499 Cells/mm3 1.10 (1.03–1.18) 0.97 (0.90–1.05)
‡500 Cells/mm3 0.97 (0.91–1.04) 0.84 (0.77–0.92)

Nadir CD4+ cell countc

(per 100 cells/mm3)
1.06 (1.05–1.07) 1.09 (1.07–1.10)

Bold results are significant ( p < 0.05). Estimates of median time differences are from predictions of the cumulative incidence function,
stratified on the characteristic of interest, adjusting, and weighting by all other variables, including cohort site, and holding covariates at
their mean values. All variables are measured at ART initiation, except for Nadir CD4+ count.

aAdjusted model includes all factors described in the table and cohort site.
bInverse probability of selection weights for sex, race, and HIV risk mode, constructed using all other covariates with the addition of

cohort subsite (to account for potential differences in clinical practice between sites).
cAfter ART initiation, before event, or censoring.
95% CI, 95% confidence interval; ART, antiretroviral therapy; HR, hazard ratio; IDU, injection drug use.
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versus males or for black versus nonblack or IDU versus non-
IDU risk, but was significantly higher among older adults, as
would be expected (HR: 1.29). In a secondary analysis using
the fully adjusted models and simultaneously adjusting for
year of ART initiation, HRs for discontinuity by demo-
graphic factors and IDU risk were substantively unchanged,
with point estimates only altered from the primary results in
the second or third decimal place; the statistical significance
of all estimates was the same as in the primary analysis (re-
sults not shown).

The adjusted cumulative incidence of discontinuity was
0.67 (67%) and for death before discontinuity was 0.09 (9%)
at the end of 10 years of follow-up. Estimated median times
to discontinuity from the adjusted CIFs (Table 5 and Fig. 1a–c)
were significantly longer for females versus males (6.80 vs.
5.72 years) and were shorter for black versus nonblack pa-
tients (5.75 vs. 6.74 years) and for persons with IDU versus
non-IDU risk (5.44 vs. 7.21 years).

Accounting for median CD4+ count in each year between
ART initiation and first discontinuity or death showed similar
patterns of association between sex, race, risk, and the event
of interest (and competing event) (data not shown). The
stratified adjusted cumulative incidence curves describe the
sex, race, and risk differences in median times to disconti-
nuity (Table 5 and Fig. 2a–c).

In separate models fitted within strata of vulnerable pop-
ulations, black patients had higher hazards for discontinuity
versus nonblack patients, whether with MSM or non-MSM
HIV risks, and IDU patients had higher hazards for discon-
tinuity versus non-IDU, whether they were non-MSM men or
women. Black race was not significantly associated with

discontinuity among women after adjusting for IDU status,
although black non-MSM males had a higher hazard of dis-
continuity compared with black non-IDU females. (Appen-
dix Table A1). The magnitude, direction, and significance of
these estimates were similar to those in the overall population
(Tables 5 and 6).

Finally, additional analyses addressing return to care or
reentry after first discontinuity found no significant differ-
ences in times to reentry by sex, race, or IDU status (Ap-
pendix Fig. 3a–c); despite the visible separation in CIFs by
race, with black patients apparently reentering later than
nonblack patients, this difference did not achieve statistical
significance (Appendix Fig. 3b).

Discussion

In this study, disparities in the risk and timing of disrup-
tions in continuous retention in care were identified by
characteristics investigated: sex, black race, and IDU risk.
These groups were chosen for their relatively high incidence,
burden, or risk of progression of HIV in the United States and
Canada. In contrast to prior studies attempting to address
these issues, we explored the associations between these
groups and discontinuity while appropriately accounting for
the competing risk of death and focusing on ART initiators
alone (suggesting equivalent access to care). Our adjusted
analyses revealed no disparities in death associated with our
factors of interest, accounting for contemporaneous CD4+

count. After adjustment for age and other factors, apparent
differences in discontinuity after ART initiation by sex (fe-
males interrupting continuous care before males) were

Table 6. Hazard Ratios for and Median Times to Death Before Discontinuity,

from Unadjusted, Adjusted, and Weighted Competing Risks Regression Models

for the Cumulative Incidence Function with 95% Confidence Intervals

Characteristic
Death: unadjusted

HR (95% CI)
Death: adjusteda

HR (95% CI)
Death: weightedb

HR (95% CI)
Median timea,b

(years, 95% CI)
Reaching death by

5 years (%)

Age (per 10 years) 1.34 (1.29–1.40) 1.29 (1.23–1.35)
Sex

Male Ref. Ref. Ref. >10 4.8
Female 0.68 (0.58–0.80) 0.85 (0.72–1.01) 0.74 (0.60–0.90) 4.5

Race
Nonblack Ref. Ref. Ref. >10 4.4
Black 1.22 (1.10–1.35) 1.09 (0.97–1.21) 1.16 (1.04–1.30) 4.8

HIV risk factor
Non-IDU Ref. Ref. Ref. >10 4.4
IDU 1.25 (1.11–1.41) 1.11 (0.98–1.26) 1.18 (1.03–1.36) 4.9

CD4+ cell count
<200 Cells/mm3 Ref. Ref.
200–349 Cells/mm3 0.54 (0.46–0.62) 0.89 (0.75–1.04)
350–499 Cells/mm3 0.46 (0.39–0.55) 0.91 (0.74–1.10)
‡500 Cells/mm3 0.44 (0.37–0.52) 1.09 (0.90–1.32)

Nadir CD4+ cell countc

(per 100 cells/mm3)
0.68 (0.64–0.71) 0.68 (0.64–0.72)

Bold results are significant ( p < 0.05). Estimates of median time differences are from predictions of the cumulative incidence function,
stratified on the characteristic of interest, adjusting, and weighting by all other variables, including cohort site, and holding covariates at
their mean values. All variables are measured at ART initiation, except for Nadir CD4+ count.

aAdjusted model includes all factors described in the table and cohort site.
bInverse probability of selection weights for sex, race, and HIV risk mode, constructed using all other covariates with the addition of

cohort subsite (to account for potential differences in clinical practice between sites).
cAfter ART initiation, before event, or censoring.
95% CI, 95% confidence interval; ART, antiretroviral therapy; HR, hazard ratio; IDU, injection drug use.
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reversed (males experiencing discontinuity before females),
and differences in death before discontinuity by female sex,
black race, and IDU risk were all attenuated (Fig. 2a–c).
Results from additional analyses conducted solely within
populations of concern underscored the conclusions that male
sex, black race, and IDU risk were characteristics by which
disparities in retention discontinuity were most pronounced
(Appendix Table A1). These models allowed us to focus on
vulnerable groups that have been cited as priority populations
in improving HIV care continuum outcomes while support-
ing inferences from the primary models.8,9

There were several limitations to this analysis. First, we
did not have data on income, education, employment, in-
surance coverage, or other contextual and social factors that
have been associated with both retention and HIV disease
outcomes in other studies and that may differ by demographic
factors or HIV transmission risk group.39,40 Some studies
with single-sex populations have noted that poverty and
housing instability reduce retention and ART adherence.41,42

We maintain that the absence of these data has been mitigated
by the fact that all patients under study were successfully
engaged in care (a prerequisite for the NA-ACCORD) and
had access to ART. Immune status of individuals at ART start
was also included in adjusted models, accounting for com-
plications due to late care initiation (i.e., low CD4+ count).

Second, by using a deidentified study population drawing
on several independent cohorts, we are not able to exhaus-
tively account for all sources where participants received HIV
care. This could lead to negative misclassification of retention
if care occurred outside of the NA-ACCORD (apparent dis-
continuity of care, despite actually receiving care). A potential
mitigating factor for this limitation is that the large geographic
dispersion of sites makes it unlikely that individuals access
care at disparate locations simultaneously. Improved linkage
between medical records or state health department surveil-
lance records could reduce this misclassification.43 In con-
trast, ascertainment of death (the competing event) is likely
complete due to use of various death indices.

Despite these limitations, the NA-ACCORD provides a
large, geographically diverse study population demographi-
cally representative of PLWHA in the United States and
Canada, making our results more generalizable.25 We also
used models that help account for the competing risk of death
when estimating the hazard of discontinuity, evaluating in-
formation over a decade following the initiation of ART.
Retention in care and HIV disparities research have been
linked through numerous studies describing the relationship
between clinical engagement, access to and initiation of
therapy, continuity of care, and viral suppression and other
markers of HIV disease progression in various populations
and settings, both in resource-rich and resource-limited set-
tings.12,13,15,16,18,29–31 In fact, the relationship between re-
tention disparities and lack of viral suppression alone merits
close attention as viral suppression is a priority outcome in
the NHAS, implicating improved individual outcomes and
reduced HIV transmission.5,8,29–31 Few studies, however,
have followed a cohort as large as the NA-ACCORD popu-
lation over such a long period of time after ART initiation, a
long enough period to directly observe the median times of
first discontinuity of retention in care.

Disparities in clinical retention by sex, race, and HIV
transmission risk persisted after accounting for the competing

risk of death, age, access to care and therapy, and CD4+ cell
count changes over time. These results highlight the fact that
ART use, clinical retention, and disease outcomes (including
death) are dynamically linked, and successful linkage to and
engagement in care and treatment initiation do not neces-
sarily imply successful retention in care or improved disease
progression. Multiple public health agencies have re-
commended that clinical retention must be actively pursued
and made a priority by clinicians, communities, and public
health officials.44 These entities should focus resources on the
groups repeatedly identified as being at higher risk for dis-
continuities of care.

Beyond clinic-level interventions aimed at improving overall
clinical retention, individual-level interventions such as en-
hanced medical case management, peer navigation, transpor-
tation subsidies, and mental health evaluation and treatment
should be offered with greater vigilance and consistency to the
identified vulnerable groups, particularly after the initiation of
ART and even after many years in care.45 There have also been
studies associating improved trust in clinicians and disclosure
of disease status with better clinical retention, evaluated im-
mediately after linkage to care.46,47 However, as ART initiation
is now universally recommended, the events of linkage and
ART initiation are converging, making these conclusions ger-
mane to a broader population. It has also been shown that
patients feeling well or experiencing a loss of interest in their
own healthcare are more likely to encounter discontinuities in
care.48 Evidence from each of these studies implies the need for
novel interventions to alter more complicated social and be-
havioral factors to improve retention outcomes.

The fact that disparities in the clinical experience of HIV
patients remain, even after accounting for demographic traits,
HIV disease factors, and potential differences in access to
care, implies that many factors differentially influencing
clinical retention and disease progression remain. It is those
factors (including the social and structural determinants) that
should be the focus of future research and targeted inter-
ventions to provide equally high-quality HIV care for all
HIV-infected individuals.
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Appendix

Assessment of proportional hazards assumption

Regression models used to estimate the cumulative inci-
dence function (CIF) in the context of competing events
assumes a constant cause-specific subhazard and pro-
portionality of hazards for the events. This proportionality
assumption can be assessed by fit of the scaled Schoenfeld
residuals to an estimated ratio coefficient of 1 (or a log dif-
ference of 0) for the covariate of interest plotted against the
event times.(33) The plots of these residuals should exhibit a
flat horizontal fitted line close to a log value of 0 to demon-
strate no violations of this assumption. The weighted
Schoenfeld residual plots for discontinuity of retention by age,
sex, race, and risk are presented below (Appendix Fig. 1).
They demonstrate no violations of the proportional hazard
subdistribution assumption.

Construction of stabilized inverse probability
of selection weights

Inverse Probability of Selection Weights (IPW) were used
in this context to eliminate confounding by balancing popu-
lations with respect to the exposures of interest (sex, race, and
HIV risk) conditional on confounders such as baseline age and
CD4+ count, and to assess the direct effect of these exposures
on the event of interest by reweighting according to the me-
diating factor of nadir CD4+ count after ART initiation. In this
analysis, the potential confounders of baseline age, sex, race,
HIV risk factor, and cohort site were used to construct IPW,

excluding sex, race, or HIV risk from the denominator when
using that respective factor as the exposure. These weights
were applied to the marginal models and, in robust estimation,
to the conditional fully adjusted models. Survival curves were
created using predictions from both the weighted and adjusted
estimates, noting that the stratified adjusted curves used cov-
ariate values fixed at their means across strata of the exposure
of interest.(30,32) Because these were time-fixed confounders,
single weights across all timepoints for an individual were
used. The weights were also stabilized and truncated at the 5th

and 95th percentiles to improve balance (Appendix Fig. 2).(31)

The weights were constructed with regression models esti-
mating the probability of exposure received, conditioning on
potential confounding or mediating factors. Because the ex-
posures of interest were binary (sex was male vs. female, race
was black vs. nonblack, and risk was IDU vs. non-IDU), a
logistic regression model was used to create the IPW. For sex,
the regression model for the stabilized weights was specified as:

Similar models were used to construct weights by race and
risk. The truncated weights for female sex had a mean value
of 0.94 (IQR: 0.85–1.04) and a range of 0.42–1.50. The
truncated weights for black race had a mean value of 0.95
(IQR: 0.69–1.06) and a range of 0.58–1.81. The truncated
weights for IDU risk had a mean value of 0.96 (IQR: 0.85–
1.09) and a range of 0.57–1.34. These distributions indicate a
lack of extreme values which could lead to unstable effect
estimates. The untruncated and truncated distribution of
weights accounting for sex, race, and HIV risk are illustrated
below (Appendix Fig. 2).

IPWi¼
Pr(sexi¼ female)

Pr(sexi¼ femalejagei, racei, riski, Baseline-CD4i, Nadir-CD4i, sitei)

Appendix Table 1. Adjusted Subdistribution Hazard Ratios (HR) and 95% Confidence Intervals (95% CI)
for Discontinuity, Isolating the Impacts of Sex, Race, and IDU HIV Risk Within Vulnerable Populations

Vulnerable population HR (95% CI)

Among MSM males alone
Black vs. nonblack 1.16 (1.05, 1.27)

Among non-MSM males alone
Black vs. nonblack 1.21 (1.13, 1.29)
IDU vs. non-IDU 1.31 (1.22, 1.4)

Among females alone
Black vs. nonblack 1.05 (0.94, 1.17)
IDU vs. non-IDU 1.16 (1.01, 1.34)

Among black, non-IDU patients alone
Non-MSM male vs. non-IDU female 1.26 (1.14, 1.4)
MSM male vs. non-IDU female 1.08 (0.97, 1.2)

Among white, non-IDU patients alone
Non-MSM male vs. non-IDU female 1.18 (0.98, 1.43)
MSM male vs. non-IDU female 1.08 (0.92, 1.26)

Each model accounted for competing risk of death before discontinuity and adjusted for age, baseline CD4+ count, nadir CD4+ count
after ART initiation, and cohort site.

Bold estimates are statistically significant (p < 0.05).
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APPENDIX FIG. 1. Plots of weighted Schoenfeld residuals and fitted values for b̂ over event times by (a) age, (b) female
sex, (c) black race, and (d) IDU risk for the event of interest (discontinuity of retention). Residuals may be used to assess the
proportional hazard subdistribution assumption by locally constant mean of the residuals across failure times; the heavy
dotted red line is a locally weighted regression smoother.

DISPARITIES IN CARE DISCONTINUITY ON ART 141



Untruncated Weights

Time

Lo
g 

(I
P

T
 W

ei
gh

ts
)

Truncated at 5th & 95th %iles

Lo
g 

(I
P

T
 W

ei
gh

ts
)

Untruncated Weights

Lo
g 

(I
P

T
 W

ei
gh

ts
)

Truncated at 5th & 95th %iles

Lo
g 

(I
P

T
 W

ei
gh

ts
)

Untruncated Weights

Lo
g 

(I
P

T
 W

ei
gh

ts
)

Truncated at 5th & 95th %iles

Lo
g 

(I
P

T
 W

ei
gh

ts
)

a

b

c

-1
0

1
3

2
-1

0
1

2

0.
4

0.
2

0.
4

0.
6

0.
2

0.
2

-0
.2

-0
.4

-0
.6

-0
.8

-0
.5 -0

.4
-0

.4
-0

.2
-0

.2
0.

0

0.
0

0.
0

0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

1 2 3 4 5 6 7 8 9 10
Time

1 2 3 4 5 6 7 8 9 10

Time
1 2 3 4 5 6 7 8 9 10

Time
1 2 3 4 5 6 7 8 9 10

Time
1 2 3 4 5 6 7 8 9 10

Time
1 2 3 4 5 6 7 8 9 10

APPENDIX FIG. 2. Distribution of constructed IPW for the probability of (a) female sex, (b) black race, and (c) IDU
risk, both untruncated and truncated at the 5th and 95th percentiles, including adjustment for clinic site, baseline age,
baseline CD4+ count, nadir CD4+ count after ART initiation, and the other exposures not under estimation in that model.
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APPENDIX FIG. 3. Disparities in modeled cumulative incidence functions for first discontinuity of retention after ART
initiation and re-entry to care after first discontinuity, treating death as a competing risk by (a) female sex, (b) black race,
and (c) IDU risk.
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