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Abstract

Background—In the current antiretroviral (ART) era, the evolution of HIV guidelines and
emergence of new antiretroviral agents might be expected to impact the times to ART initiation
and HIV virologic suppression. We sought to determine if times to ART initiation and virologic
suppression decreased and if disparities exist by age, race/ethnicity, and HIV risk.

Methods—We performed a retrospective cohort study of data from 12 sites of the HIV Research
Network, a consortium of US clinics caring for HIV-infected patients. HIV-infected adults (=18
years old) newly presenting for care between 2003 and 2013 were included in this study. Times to
ART initiation and virologic suppression were defined as time from enrollment to ART initiation
and HIV RNA <400 copies/ml, respectively. We conducted time to event analyses using
competing risk regression in the HIVRN cohort from 2003-2012 in 2 year intervals, with follow-
up through 2013.

Results—Among 15,272 participants, 76.9% were male, 48.4% black, and 10.9% were IDU with
median age of 38 years (interquartile range: 29-46 years). The adjusted subdistribution hazards
ratios (SHR) for ART initiation and virologic suppression each increased for years 2007-08 (SHR
1.23 1.16-1.30°, and SHR 1.25 “1.17-1.34", respectively), 2009-10 (1.55 “1.46-1.64°, and 1.54
*1.43-1.65’, respectively), and 2011-12 (1.94 “1.83-2.07’, and 1.73 *1.61-1.86", respectively)
compared to 2003-04. Blacks had a lower probability of ART initiation than whites and Hispanics.

Conclusions—Since 2007, times from enrollment to ART initiation and virologic suppression
have decreased significantly compared to 2003-2004 but persisting disparities should be
addressed.

Keywords

HIV; antiretroviral therapy; HIV suppression; public health; HIV clinical care

Background

Over the modern ART era, there have been marked advances in knowledge about the

effectiveness of ART initiation on mortality and secondary transmission. From 2001 to 2007
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the Department of Health and Human Services (DHHS) HIV treatment guidelines
recommended initiation of ART at a CD4 count (CD4) of 200 cells/mm3. These guidelines
additionally acknowledged that there may be benefit to initiating ART at higher CD4 counts,
but data needed to support such a recommendation were lacking?. Based on data from the
ART cohort collaboration (ART-CC), the SMART trial, and others, the DHHS revised the
guidelines to initiate ART at a CD4 threshold of 350 cells/mm3 in December 2007.2 The
DHHS HIV treatment guideline ART initiation CD4 threshold was increased to 500
cells/mm3 in December 20093 and extended to all HIV-infected individual in February
20134, Several studies have demonstrated improved outcomes in mortality and/or
progression to AIDS when initiating ART at a CD4 threshold of 500 cells/mm3.5-8 A single
study showed mortality benefit at CD4>500.% Subsequently, in 2011 HPTN 052°
demonstrated decreased secondary transmission, an additional benefit of early ART.

A recent study from the North American Aids Cohort Collaboration on Research and Design
(NA-ACCORD) demonstrated increases in the cumulative incidence of ART initiation and
HIV virologic suppression among a large multistate population of persons living with HIV
(PLWH) from 2001-2009. In addition, the NA-ACCORD study noted disparities in
cumulative incidence of ART initiation by CD4, race/ethnicity, age, and HIV risk among
individuals eligible for ART.10

Based on these results and changes in ART guidelines, we hypothesized that the time from
initial presentation to HIV care to ART initiation and virologic suppression decreased over
the course of the modern ART era and that these trends vary by CD4 at presentation, race/
ethnicity, and age. Thus, we examined times to ART initiation and virologic suppression

among ART-naive subjects in a large multi-site clinical cohort during the years 2003-2013.

The HIV Research Network (HIVRN) is a consortium of primary and subspecialty medical
care providers for HIV-infected patients. Participating sites abstract specified data elements
from patients' medical records; abstracted data are assembled into a uniform database.11-14
The HIVRN currently consists of 18 sites that treat adult and pediatric patients; analyses
included 13 sites that collect comprehensive utilization data on adults. Sites are located in
the Northeastern (6), Midwestern (1), Southern (3), and Western U.S. (3). Ten sites have
academic affiliations; 3 are non-academic, community-based. Analyses were limited to adult
patients (=18 years old) at these sites who were newly presenting to HIV care and enrolled at
an HIVRN clinic site between January 1, 2003 and December 31, 2012. Data collection
continued through December 31, 2013, with the exception of 1 site that left the Network
after 2011.

Data Collection

Data including CD4 lymphocyte count, HIV-1 RNA, HIV acquisition risk factors, and
demographics were collected prospectively, both electronically and by paper abstraction
from medical records at each site. Abstracted data were sent in electronic format to a data-
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coordinating center after personal identifying information was removed. Electronic data
received by the coordinating center were reviewed to ensure that each data element was
correctly formatted and that all elements were captured. Data elements with incorrect
formatting, unknown or incomplete information, or other inaccuracies were reviewed with
the site and corrected. These data were combined across sites to achieve a uniformly
constructed multi-site database. A variable identifying the site was included in the database.
The study was approved by the Institutional Review Board of the Johns Hopkins School of
Medicine as well as by each of the participating sites.

Enrollment year was categorized into 2 year increments for analysis from 2003-04 to
2011-12 in order to increase sample in each period and decrease computational intensity.
New presenters were defined as patients presenting with: (i) HIV RNA > 400 copies/ml, (ii)
no antiretroviral therapy (ART) prior to enrollment, and (iii) no HIV clinic visits at the
HIVRN site prior to enroliment month. Data abstracted from medical records included race/
ethnicity (White, Black, Hispanic, and other/unknown), male/female, and HIV acquisition
risk factors, coded as men who have sex with men (MSM), heterosexual transmission
(HET), injection drug use (IDU), and other/unknown (OTH). In subjects with multiple HIV
risk factors, a single category was designated based on the following order of priority: IDU,
MSM, HET, OTH. Time to ART initiation was defined as the number of days from
enrollment in an HIVRN clinic to ART initiation. Time to virologic suppression was defined
as the number of days from enrollment in an HIVRN clinic to the first HIV RNA <400
copies/ml. CD4 count and HIV-1 RNA at enrollment were defined as the CD4 count and
HIV RNA nearest to the enrollment date but not >6 months from enrollment. CD4 count at
ART initiation was defined as the CD4 count nearest to ART initiation date but not greater
than 30 days after ART initiation. CD4 count at enrollment was categorized as <200,
200-349, 350-500, and =500 cells/mm3. Subjects were censored at the end of follow-up, i.e.,
after 2013 except for one site that was censored after 2011.

Statistical Analyses

We examined both time from enrollment to ART initiation and time from enrollment to
virologic suppression. The primary variable of interest was enrollment year. Studies indicate
that risk of loss to follow-up (LTFU) varies by race/ethnicity, HIV risk factor, age, and initial
CD4.15 Given that the study sample is drawn from individuals receiving clinical care,
individuals who are LTFU prior to ART initiation are unlikely to initiate treatment or
experience viral suppression, with the exception of those who enroll in another HIV clinic.
Therefore this creates a competing risk situation, in which an event such as LTFU, or death,
occurring before initiation of treatment prevents the occurrence of the events of interest (i.e.,
ART initiation and viral suppression). Standard time-to-event analyses can produce
misleading results in the presence of competing risks, and special analytic techniques are
required. Thus, time to ART initiation and time to virologic suppression were analyzed using
both unadjusted and adjusted Fine and Gray 16 competing risk regression models. The
covariates for the adjusted models included CD4 count at enrollment, age, gender, race/
ethnicity, HIV risk, and clinic site. The competing risks were loss to follow-up (LTFU) and
death. The results of the competing risk model should be interpreted as the subdistribution
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hazard (hazard), the hazard prior to the competing events, i.e., LTFU or death.1” A larger
hazard implies a shorter time to an event. The hazard of virologic suppression includes all
new presenters, not restricted to those receiving ART. We performed two LTFU analyses
using the same competing risk model as the adjusted ART initiation and virologic
suppression analyses. First we modeled the time to LTFU prior to ART initiation or death
and second, the time to LTFU prior to virologic suppression or death.

Modification of the effect of enroliment year on times to ART initiation and virologic
suppression was examined by enroliment CD4 count category, age, gender, and race. Table 3
shows comparisons of hazards with a reference category. Comparisons of hazards in non-
referent categories were performed with linear combinations and described in the text. For
each interaction, we assessed effects of enrollment year on the hazard within categories of
the other variable. To interpret interactions, we estimated the linear year trend (slope) of the
hazard within categories of the other variable. Cumulative incidence curves were generated
to display the cumulative incidence of ART initiation and virologic suppression prior to the
competing risks by enrollment year. A non-parametric cumulative incidence function was
used to estimate cumulative incidence in a competing risk situation. Cuzick's test was used
for non-parametric trends 18, Statistical analysis was performed using STATA 12.119 and R
3.0.1%0.

Our study population consisted of 15,272 new presenters who enrolled in the HIVRN
between 2003 and 2012. We excluded 466 subjects who were missing either a CD4 count or
HIV-1 RNA at enrollment and 142 transgender and 5 unknown gender subjects. Subject
characteristics stratified by enrollment year intervals are reported in Table 1. The median
CD4 count at enrollment increased from 273.5 cells/mm3 in subjects enrolled from 2003-04
to 332 cells/mm3 in subjects enrolled from 2011-12 (test for trend p<0.001). The median
CD4 count at ART initiation was 201 cells/mm3 in subjects enrolled from 2003-04 and
increased to 285 cells/mm3 in subjects enrolled from 2011-12 (test for trend p<0.001).

On average there were 3,054 new presenters per 2 year interval with a median survival time
of 54 days prior to ART initiation, LTFU, death, or censoring. Of all subjects, 75.6% of
subjects initiated ART and 58.6% achieved virologic suppression. Among those subjects
who started ART, the median time to ART initiation was 19 days ‘95% confidence interval
‘CI” 18-20 days’ and among those subjects who achieved suppression, the median time from
enrollment to virologic suppression was 142 days ‘95% CI 139-147 days’(See supplemental
Table 1 for median times to ART initiation and virologic suppression stratified by relevant
categories). The cumulative incidence of ART initiation prior to a competing event rose from
69.7% in 2003-04 to 84.0% in 2011-12 (Table 1), and the cumulative incidence of virologic
suppression prior to a competing event rose from 51.0% in 2003-04 to 66.6% in 2011-12
(Table 1).

ART initiation

The time to ART initiation decreased in subjects enrolled in 2011-12 compared to those
enrolled in 2003-04 (unadjusted subdistribution hazard ratio (SHR) = 1.67 “(95% CI
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1.58-1.77"; adjusted SHR = 1.94 1.83-2.07") (Table 2 and Figure 1). There was no
difference in the adjusted time to ART initiation comparing years 2003-04 to 2005-06 (Table
2). Comparing hazards in adjacent intervals (not shown in Table 2), the adjusted time to
ART initiation decreased for years 2005-06 to 2007-08 (SHR =(1.23/1.05)=1.17
‘1.11-1.24"), 2007-08 to 2009-10 (SHR=(1.55/1.23)=1.26 “1.20-1.33’), and 2009-10 to
2011-12 (SHR=(1.94/1.55)=1.25 *1.19-1.33’). Patients older than 30 years had a shorter
time to ART initiation than did patients 30 years or younger (Table 2). Hispanics had a
shorter time to ART initiation than whites (Table 2) or blacks (SHR 1.14 ‘1.09-1.20"). IDU
had a longer time to ART initiation than did HET (SHR=(0.84/0.94)= 0.89 ‘0.83 - 0.95") or
MSM (Table 2).

Comparing 2003-04 to 2011-12, the time to ART initiation decreased for all CD4, race/
ethnicity, and age categories (Table 3 and Supplemental Figure 1). For most comparisons of
successive time periods within categories of CD4, race/ethnicity, and age, the time to ART
initiation decreased (i.e., higher hazard ratio). Tests for interactions showed that the decrease
in the time to ART initiation by year varied by CD4 category (p<0.001) and race/ethnicity
(p<0.001) but not by age. The magnitude of the linear time trend in the hazard was greatest
among CD4 350-499 cells/mm3 (p<0.001 vs. CD4 200-349 cells/mm3), and among whites
(p=0.005 vs. Hispanic). Within a given year, the time to ART initiation differed by CD4
category, race/ethnicity, and age (Table 3).

Virologic suppression

The time to HIV virologic suppression decreased in subjects enrolled in 2011-12 compared
to those enrolled in 2003-04 (unadjusted SHR = 1.64 “95% CI 1.53-1.75’; adjusted SHR =
1.73 “1.61-1.86") (Table 2 and Figure 2). The adjusted time tor virologic suppression did not
decrease from 2003-04 to 2005-06 (1.03 “0.95-1.10") (Table 2) but did decrease from
2005-06 to 2007-08 (SHR=(1.25/1.03)=1.22 ‘1.14-1.31"), in 2007-08 to 2009-10
(SHR=(1.54/1.25)=1.23 1.15-1.31"), and in 2009-10 to 2011-12 (SHR=(1.73/1.54)= 1.13
*1.05-1.20"). Patients older than 30 years had a shorter time to virologic suppression than did
patients 30 years or younger (Table 2). Hispanics had a shorter time to virologic suppression
than whites (Table 2) or blacks (SHR=(1.21/0.96)= 1.27 *1.20-1.34’). IDU had a longer time
to virologic suppression than did HET (SHR=(0.76 ‘0.70 - 0.83’) or MSM (Table 2).

The time to virologic suppression decreased from 2003-04 to 2011-12 for all CD4
categories, races/ethnicities, and ages (Table 3 and Supplemental Figure 1). Tests for
interaction showed that the amount of decrease in the time to virologic suppression by year
varied by CD4 categories (p<0.001), race/ethnicity (p<0.03), and age (0.002). Time to
virologic suppression decreased, with minor exceptions, with each successive year for all
CD4, age, and race/ethnicity categories (Table 3). The magnitude of the linear time trend in
the hazard was greatest among CD4 350-499 cells/mm?3 (p<0.001 vs. CD4 200-349
cells/mm3), age < 30 (p<0.006 vs. age 31-40), and white (p=0.004 vs. black, p=0.715 vs.
Hispanic). Within a specific time period, the time to virologic suppression differed across
CD4, race/ethnicity, and age categories.
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Loss to follow-up

In the adjusted analyses, the time to LTFU prior to ART initiation increased (SHR 0.39,
‘0.34-0.44’ from 2003-04 to 2011-12 and time to LTFU prior to virologic suppression
increased (0.55 ‘0.50-0.60" from 2003-04 to 2011-12 (Supplemental Table 2). The
cumulative incidence at 2 years of follow-up time of LTFU prior to ART initiation decreased
from 0.21 in 2003-04 to 0.13 in 2011-12 (Figure 1). Similarly the cumulative incidence at 2
years of follow-up time of LTFU prior to virologic suppression decreased from 0.33 in
2003-04 to 0.27 in 2011-12 (Figure 2). At 2 years of follow-up, the cumulative incidence of
participants who had LTFU after ART initiation but before virologic suppression was 0.13
(0.27-0.13).

Discussion

In ART-naive subjects in the HIVRN over the years 2003-2012, we demonstrate decreases in
the times to ART initiation and virologic suppression in years 2007-08, 2009-10, and
2011-12 compared to the preceding years. These changes are consistent with changes in
clinical practice and HIV treatment guidelines among HIV providers. Additionally, we note
within-period disparities in the times to ART initiation and virologic suppression by race/
ethnicity and age, and unfortunately, none of these disparities were eliminated over the study
period.

The trends of decreasing times to ART initiation and virologic suppression are important
because of their impact on both the health of PLWH and secondary HIV transmission. While
we show relatively minor impacts on median number of days until ART initiation and
virologic suppression, this translates to an increase in cumulative incidence of ART
initiation and virologic suppression of 20.5% and 30.5%, respectively. The CDC reported
47,352 new HIV infections in 2013.21 The CDC estimates that 35% of HIV diagnosed
patients are suppressed.22 Assuming a 30% increase in virologic suppression from 2003-04
to 2011-12, nearly 5,000 additional newly diagnosed PLWH achieved virologic suppression
(i.e., 47352*0.35*0.30).

The changes in times to ART initiation and virologic suppression varied by enrollment CDA4.
This is consistent with the changes in the DHHS guidelines for ART initiation that were
based on CD4 thresholds. 1-3 Interestingly, we observed decreases in the times to ART
initiation and virologic suppression that preceded the publication of the DHHS HIV
treatment guideline in December 2007 and in December 2009. Factors external to the
published guidelines likely contributed to the observed changes. HIV clinicians may have
learned about the latest HIV care practices from sources outside of official guidelines such
as journals or HIV conferences, and as such, changes in clinical practice may precede the
publication of official HIV treatment guidelines. This is in contrast to clinical care of other
diseases, where clinical practice may not change prior to publication of guidelines or clinical
alerts?3,

Our study found evidence of racial/ethnic disparities in times to ART initiation and virologic
suppression over the study period. Hispanics had shorter times to ART initiation and to
virologic suppression than whites, while blacks had longer time to ART initiation than
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whites. Consistent with our findings, a study from the HIV Outpatient Study (HOPS) found
non-Hispanic blacks had longer times to ART initiation and virologic suppression than
whites.24 This association may be due to residual confounding with other factors such as
poverty, access to HIV care, or other structural or psychosocial factors not examined in this
study.10 Another multicenter study found that blacks had significantly lower adherence to
ART than whites or Hispanics after adjusting for other potential confounders2®. This study
also found no difference in Hispanics and whites in ART adherence2; whereas several other
studies found lower adherence among Hispanics than whites.26:27 We were unable to adjust
specifically for adherence related confounders, which may explain our findings regarding
shorter time to virologic suppression in Hispanics compared to whites.

Our finding of shorter times to ART initiation and virologic suppression with age greater
than 30 years is consistent with previously published works.10:24.28 There are several
possible explanations for these findings. Physicians may perceive young patients as high risk
for non-adherence to ART and as a result, may delay ART initiation?8. Physicians may also
delay ART initiation in young patients due to concerns over the potential adverse events with
long-term ART usage. Younger patients may also be more likely to decline treatment. This is
of significant concern given the high risk of further HIV sexual transmission in this age
group. Continued efforts to reduce age-related disparities are still needed.

We show that there have been marked improvements in LTFU over the study period. A
recent study from the HOPS cohort found retention in care of about 85% and ART was the
factor most associated with retention. It is plausible that the observed reduction in LTFU
could be driven by the decreasing time to ART initiation. Nevertheless, maintaining
engagement in care continues to be the single largest competing risk for ART initiation and
virologic suppression and requires ongoing emphasis to drive continued improvements. We
also show that 13% patients start ART but are LTFU prior to virologic suppression. This
diagnosed and treated, but unsuppressed population should also be a priority for public
health HIV prevention policy.

This study has several limitations. Changes in cost and availability of ART to individual
patients occurred during the study period but were heterogeneous across the study
population. We did not collect information on these changes, so this represents a potential
source of residual confounding. Our study population was comprised of newly enrolled
patients. It is possible that a small subset of patients previously receiving HIV care
elsewhere were misclassified by our selection algorithm. Such selection bias should be
consistent across time so should not impact our inference regarding changes in ART
initiation and virologic suppression across time. Finally, the majority of our study population
is from urban academic centers, where the practice patterns may not be representative of all
HIV care sites in the United States.

In summary, we demonstrate decreasing times to ART initiation and to virologic suppression
from 2003-04 to 2011-12. Furthermore, these decreases over this time period were greater
among patients with enrollment CD4 =200 cells/mm3, compared to CD4 <200 cells/mm3
consistent with the changes in the DHHS HIV treatment guidelines of the time. Age and
race disparities in times to ART initiation and virologic suppression are present. Addressing
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these persistent disparities will likely require targeted strategies focused on overcoming the
drivers of disparities in these groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Cumulative Incidence of ART Initiation and Loss to Follow-up Stratified by
Enrollment Year*

*LTFU curves are plotted as 1-cumulative incidence of LTFU prior to ART initiation
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Figure 2. Cumulative Incidence of HIV Suppression and Loss to Follow-up Stratified by
Enrollment Year*

*LTFU curves are plotted as 1-cumulative incidence of LTFU prior to virologic suppression
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Variable

Table 2

Multivariable Model of Relative Hazard of Event

Enroliment Year

2003-04
2005-06
2007-08
2009-10
2011-12

CD4 Count

2500
350-499
200-349
<200

Age (years)

<30
31-40
41-50
>50
Gender
Female
Male

Race/Ethnicity

White
Black
Hispanic
Other
HIV Risk
MSM
HET
DU
Other

ART Initiation HIV Suppression

SHR Pvalue SHR P value
Ref Ref

1.05(0.99-1.11) 0.135 1.03(0.95-1.10) 0.483
1.23(1.16-1.30) <0.001 1.25(1.17-1.34) <0.001
155(1.46-1.64) <0.001 1.54(1.43-1.65) <0.001
1.94(1.83-2.07) <0.001 1.73(1.61-1.86) <0.001
Ref Ref

152 (1.43-1.61) <0.001 1.41(1.32-151) <0.001
2.64 (2.49-2.80) <0.001 1.98(1.86-2.12) <0.001
3.85(3.64-4.08) <0.001 2.30(2.16-2.44) <0.001
Ref Ref

1.21(1.15-1.27) <0.001 1.12(1.05-1.18) <0.001
1.22(1.16-1.29) <0.001 1.16(1.10-1.23) <0.001
1.28(1.20-1.36) <0.001 1.39(1.29-1.50) <0.001
Ref Ref

0.99(0.94-1.04) 0.708 0.89 (0.84-0.95) <0.001
Ref Ref

0.94 (0.89-0.99) 0.012 0.96 (0.90-1.02) 0.157
1.07(1.01-1.13) 0.017 1.21(1.14-1.29) <0.001
0.83(0.74-0.92) 0.001 0.90 (0.79-1.03) 0.119
Ref Ref

0.94 (0.90-0.99) 0.029 0.81(0.76 - 0.86)  <0.001
0.84 (0.78-0.90) <0.001 0.61(0.57-0.67) <0.001
0.67 (0.61-0.73) <0.001  0.46 (0.42-0.52) <0.001

*
Statistically significant results (at a <0.05 level) are displayed in bold. SHR: Subdistribution Hazard Ratio
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