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Abstract

Early antiretroviral therapy (ART) initiation reduces the risk of disease progression and HIV transmission, but
data on time from HIV care entry to ART initiation are lacking. Using data from the Medical Monitoring
Project (MMP), a population-based probability sample of HIV-infected adults receiving medical care in the
United States, we assessed time from care entry to ART initiation among persons diagnosed May 2004—April
2009 and used multivariable Cox proportional-hazards models to identify factors associated with time to ART
initiation. Among 1094 MMP participants, 83.9% reported initiating ART, with median time to ART initiation
of 10 months. In multivariable models, blacks compared to whites [hazard ratio (HR) 0.82; 95% confidence
interval (CI) 0.70-0.98], persons without continuous health insurance (HR 0.82; CI 0.70-0.97), heterosexual
women and men who have sex with men compared to heterosexual men (HR 0.66; CI 0.51-0.85 and HR 0.71;
CI 0.60-0.84, respectively), and persons without AIDS at care entry (HR 0.37; CI 0.31-0.43) had significantly
longer times to ART initiation. Overall, time to ART initiation was suboptimal by current standards and
significant disparities were noted among certain subgroups. Efforts to encourage prompt ART initiation should
address delays among those without health insurance and among certain sociodemographic subgroups.

Introduction

EARLY INITIATION OF antiretroviral therapy (ART) sig-
nificantly reduces the risk of HIV-associated morbidity
and mortality, as well as the risk of HIV transmission. HIV
treatment guidelines, updated in March 2012, recommend
initiating ART in all HIV-infected individuals regardless of
CD4 + T-lymphocyte cell (CD4) count.' These modifications
were based on studies that demonstrated the benefits of early
ART initiation and increased adverse outcomes associated
with delayed ART initiation.” ® To increase the proportion of
HIV-infected persons who benefit from early or immediate
ART initiation and reduce overall exposure to uncontrolled
viremia, interventions need to be targeted at three distinct
time periods: (1) Time from infection to diagnosis; (2) Time
from diagnosis to care entry; and (3) Time from care entry to

ART initiation. Although many studies have been conducted
to better understand early diagnosis and early linkage to care,
there are relatively few studies assessing time from care entry
to ART initiation.

Previous studies have assessed time to ART initiation in
specific HIV-diagnosed subpopulations (e.g., Medicaid
recipients in New Jersey, residents of San Francisco, and
injection drug users in Baltimore, Maryland)’~® that might
not be representative of all HIV-diagnosed persons in the
United States. Moreover, although data from large, geo-
graphically diverse cohort collaborations such as NA-
ACCORD exist,'® additional analyses on time to ART
initiation from studies designed to be nationally repre-
sentative, such as the Medical Monitoring Project (MMP),
might provide additional insights. Lastly, there is sub-
stantial heterogeneity in all previous studies in terms of
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different definitions of time to ART initiation, treatment
eligibility, and description of subgroups.”~"°

Given changes in the HIV treatment guidelines, as well as
noted limitations of previous studies, we assessed time to
ART initiation using data from MMP, a probability sample of
US HIV-infected adults receiving medical care in 2009.
Applying the current guidelines, we aimed to establish a
baseline for ongoing surveillance. Moreover, we assessed
factors associated with time to ART initiation to identify
potential disparities in ART initiation.

Methods
Ethics statement

In accordance with the federal human subjects protection
regulations at 45 Code of Federal Regulations 46.101c and
46.102d"" and with the Guidelines for Defining Public Health
Research and Public Health Non-Research,12 MMP was de-
termined by the Centers for Disease Control and Prevention
(CDC) to be a nonresearch, public health surveillance ac-
tivity. Participating states or territories and facilities obtained
local institutional review board approval to conduct MMP if
required locally. Informed consent was obtained from all
interviewed participants.

Study design

MMP is a national HIV surveillance system designed to
produce representative estimates of behavioral and clinical
characteristics of HIV-infected adults receiving medical care
in the United States.'>™'> MMP is a complex-sample, cross-
sectional survey. For the 2009 data collection cycle, US states
and territories were sampled first, followed by facilities
providing HIV care, and then by HIV-infected adults (per-
sons aged 18 years and older) who had at least one medical
care visit during January—April 2009 at participating facili-
ties. Data were collected through face-to-face interviews and
medical record abstractions from June 2009 through May
2010. All sampled states and territories participated in MMP:
California (including the separately funded jurisdictions of
Los Angeles County and San Francisco), Delaware, Florida,
Georgia, Illinois (including Chicago), Indiana, Michigan,
Mississippi, New Jersey, New York (including New York
City), North Carolina, Oregon, Pennsylvania (including
Philadelphia), Puerto Rico, Texas (including Houston), Vir-
ginia, and Washington. Of 603 sampled facilities, 461 par-
ticipated in MMP (facility response rate, 76%). Most of the
HIV care facilities sampled were private practices (60%),
followed by hospital-based facilities (30%) and community
health centers (19%). The remainder facilities were clinical
research facilities (10%), state or local health department
clinics (5%), community-based service organizations (4%),
and Veterans Administration facilities (4%). A facility could
belong to multiple categories. Of 9338 sampled persons,
4217 completed the interview and had their medical records
abstracted (patient-level response rate, 51%). Data were
weighted on the basis of known probabilities of selection at
state or territory, facility, and patient levels. In addition, to
adjust for potential non-response bias, data were weighted by
using predictors of patient-level response, including facility
size, race/ethnicity, time since HIV diagnosis, and age
group.'® After weighting for probability of selection and
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nonresponse, the 4217 participants in the 2009 MMP data
collection cycle were estimated to represent a population of
421,186 [95% confidence interval (CI) 378,187-464,186]
HIV-infected adults receiving medical care in the United
States during January—April 2009."¢

Analysis

To minimize recall bias, we restricted our analysis to per-
sons diagnosed close to the time of interview, specifically,
persons diagnosed in the 5 years prior to April 30, 2009. Our
outcome was time from self-reported date of HIV care entry to
self-reported date of first ART initiation. Persons who did not
initiate ART (n=173) were censored at the date of interview.
Predictors and covariates of interest comprised variables
classified into three broad groups: sociodemographic, clinical,
and facility characteristics. Sociodemographic variables in-
clude age, race/ethnicity, sexual risk category, education level,
English as primary language, income at or below poverty level,
and continuous health insurance. Clinical variables include
year of care initiation and diagnosis of AIDS at care entry.
Facility variables include being seen in a Ryan White funded
facility, being seen in a university-affiliated facility and facility
patient volume (actual number of patients receiving care at
facility within the first four months of 2009). Sexual risk cat-
egory was classified into three groups: men who have sex with
men (MSM) inclusive of men who have sex with men and
women, men who have sex exclusively with women (MSW),
and women who have sex with men (WSM). Persons who
reported other sexual behaviors not otherwise captured within
the three groups above were excluded from analysis and
comprised less than 1% of the study population. Persons
classified as lacking continuous health insurance include those
who reported a lapse in or no health insurance in the 12 months
prior to interview. As data on date of AIDS diagnosis were not
available, we estimated date of AIDS diagnosis by using age at
AIDS diagnosis in years and date of birth obtained from the
MMP jurisdictions’ HIV case registry data. If the calculated
date at AIDS diagnosis was the same as the date of HIV care
entry or earlier, a person was classified to have AIDS at the
time of care entry. If no diagnosis of AIDS was reported, or if
the calculated date of AIDS diagnosis was later than the date of
HIV care entry, a person was classified as not having AIDS at
the time of care entry.

We generated Kaplan-Meier survival curves for the entire
retrospective cohort and stratified by race/ethnicity and by
sexual risk categories. Median time to ART initiation was
calculated using Kaplan-Meier product-limit estimates.'” We
evaluated all predictor variables for adherence to the pro-
portional hazards assumption using log-log curves, an ex-
tended Cox approach with time-dependent variables and a
correlation analysis of the Schoenfeld residuals with ranked
follow-up time.'® We then constructed a multivariable Cox
proportional hazards model to evaluate the effect of potential
risk factors on time to ART initiation. All variables were
systematically assessed for inclusion in the final model using
a backward elimination approach. This approach has been
well described and recommended because it is valuable in
helping to methodically identify the best model starting with
the largest meaningful model and then assesses interaction,
confounding and precision.'” In our crude analysis using
product limit survival curves and log-log survival curves, we
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TIMING OF ANTIRETROVIRAL THERAPY
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FIG. 1.

Kaplan-Meier estimates and 95% confidence limits (dotted lines) for time to antiretroviral therapy (ART)

initiation from time to HIV care entry among HIV-infected adults who were diagnosed May 2004—April 2009 and were
receiving medical care in the United States in 2009—Medical Monitoring Project.

found that the effect of sexual risk category on ART initiation
appeared to change after 36 months. Thus we evaluated
sexual risk category as a time-dependent variable and cal-
culated separate hazard ratios estimates for two different time
blocks: <36 and >36 months. However, in crude and ad-
justed models, the hazard ratio estimates were not signifi-
cantly different in the two time periods and in the interest of
parsimony, the time-dependent covariate for sexual risk
category was excluded from our final model. All analyses
were conducted using SUDAAN v.11 (RTI International,
Research Triangle Park, NC) and SAS 9.3 (SAS Institute,
Cary, NC) survey procedures.”” Data were evaluated at the
0.05 significance level.

Results

Our analysis included a total of 1094 participants, re-
presenting an estimated 111,910 (CI 95,775-128,045) HIV-
infected adults diagnosed May 2004—-April 2009 and
receiving medical care in the United States in 2009. Of those,
83.9% reported initiating antiretroviral therapy. Of the 16.1%
of persons who did not initiate ART prior to interview, 82.9%
reported their doctor advised treatment delay, 9.3% reported
they did not need medications because they felt healthy or
believed their HIV laboratory results were good, 1.3% de-

layed treatment because of medication side effects, and the
remaining 6.5% delayed for personal and other reasons.
The mean age was 39.4 (CI 38.6—40.2) years. Most persons
(74%) were male; 30% were non-Hispanic white, 44% were
non-Hispanic black, and 21% were Hispanic or Latino (Table
1). More than half (52%) had greater than high school edu-
cation, and 37% reported a lapse in or no health insurance
within the 12 months prior to interview. A majority (75%) of
participants received care at a facility that received Ryan
White HIV/AIDS Program funding, and 46% received care at
a university-affiliated facility. The median patient volume at
facilities where participants received care was 407 patients.
The median time to ART initiation was 10 months (Fig. 1).
Using Kaplan-Meier curves stratified by race/ethnicity, non-
Hispanic blacks appear to initiate ART less promptly than all
other race groups (Fig. 2). While non-Hispanic whites had a
median time to ART initiation of 7 months, non-Hispanic
blacks initiated ART at a median of 15 months (Table 1).
WSM and MSM had median ART initiation times of 11
months and 10 months, respectively, compared to MSW who
had a median time to ART initiation of 3 months (Fig. 3).
Persons living at or below poverty level and those who re-
ported a lapse in or no health insurance had longer times to
ART initiation (12 vs. 8 months and 11 vs. 9 months, re-
spectively). Time to ART initiation did not vary significantly
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FIG. 2. Kaplan-Meier estimates for time to antiretroviral therapy (ART) initiation from time to HIV care entry among
HIV-infected adults who were diagnosed May 2004—April 2009 and were receiving medical care in the United States in
2009, stratified by race/ethnicity—Medical Monitoring Project.

by year of care entry. The short median time to ART initiation
(5 months) among those who entered care in 2009 might be
due to the relatively small size of this group, as data on this
group were limited to persons who initiated care within the
first 4 months of 2009.

Table 1 shows the unadjusted and adjusted hazard ratios
for demographic, clinical, and facility characteristics on ART
initiation. All hazard ratios (or instantaneous risk of initiating
ART) above 1.0 indicate a shorter time to ART initiation and
those less than 1.0 denote a longer time to ART initiation. In
bivariate models, younger persons, those with greater than
high school education, participants whose primary language
was English, persons lacking continuous health insurance,
and those without a diagnosis of AIDS at care entry were less
likely to initiate ART promptly. Compared to MSW, WSM
and MSM had a 40% and 35% reduction in the instantaneous
risk of initiating ART, respectively. The instantaneous risk of
initiating ART did not differ significantly by poverty level,
year of care initiation, and facility characteristics in bivariate
models. In adjusted models, non-Hispanic blacks had sig-
nificantly longer times to ART initiation than non-Hispanic
whites. Compared to MSW, MSM and WSM were less likely
to initiate ART promptly. Persons lacking continuous health

insurance and those without an AIDS diagnosis at care entry
also initiated ART less promptly.

Discussion

Reducing time from care entry to ART initiation may
improve clinical outcomes and reduce HIV transmission. In
this analysis, median time from care entry to ART initiation
was 10 months among persons diagnosed with HIV in 2004—
2009 in a national, diverse, probability sample of HIV-
infected adults receiving care in the United States. After
adjusting for stage of disease at care entry, we identified
disparities in time to ART initiation. Blacks compared to
whites, MSM and WSM compared to MSW, and persons
lacking continuous insurance had significantly longer times
to ART initiation. However, we found no temporal trends in
time to ART initiation among person who entered care in
2004-2009 nor any differences by facility characteristics.

Previous studies have produced varying estimates of time
to ART initiation. In an early study median time to ART
initiation was 14.1 months among HIV-infected Medicaid
recipients in New Jersey initiating ART in 1996-1998.7 In a
prospective study of HIV-infected drug users in Baltimore,
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FIG. 3. Kaplan-Meier estimates for time to antiretroviral therapy (ART) initiation from time to HIV care entry among
HIV-infected adults who were diagnosed May 2004—April 2009 and were receiving medical care in the United States in
2009, stratified by sexual risk category; showing heterosexual women (WSM) compared to heterosexual men (MSW) and
men who have sex with men (MSM)—Medical Monitoring Project.

Maryland followed from 1996 to 2008, median time to ART
initiation was approximately 15 months among persons who
became treatment eligible in 2003—2007.° More recent data
from San Francisco suggest that time to ART initiation has
decreased with the median time to ART initiation among
treatment eligible persons decreasing from 8 months in 2007
to 3 months in 2011.% In addition, data from the NA-
ACCORD show that the cumulative incidence of 6-month
ART initiation increased from 51% in 2001 to 72% in 2009."°
Our finding of median time to ART initiation of 10 months is
within range of these previous estimates. Given temporal
changes in time to ART initiation due to improvements in
ART, changes in guidelines, and evolving provider practices,
further analyses of future years of MMP data as well as data
from other sources will be critical to assess improvement in
this key indicator of HIV care.

Although disparities in any ART use have been noted in
numerous studies, fewer studies have addressed the issue of
disparities in time to ART initiation. Our results are consis-
tent with most studies that have examined predictors of ART
use and time to ART initiation.”'**"** Racial and gender
disparities in time to ART initiation have been consistently
noted, with non-Hispanic blacks having longer times to ART
initiation than non-Hispanic whites, and women have been

shown to have delayed ART initiation compared to men.
However, our analysis is the only one to find that MSM have
delayed ART initiation compared to MSW. This finding
needs to be explored further in future analyses. Lastly, we
found lack of continuous insurance to be associated with
delayed ART initiation, an association that had not been
rigorously assessed.”® Efforts to improve time to ART ini-
tiation would benefit from addressing noted disparities.
Time to ART initiation is dependent on clinical eligibility
as well as patient-, provider-, and facility-level factors. The
recommended CD4 threshold for initiating ART was in-
creased from <350 cells/mm® in December 2007 to <500
cells/mm® in December 2009, then to recommending ART
regardless of CD4 count in March 2012. Treatment eligibility
has been a key driver of time to ART initiation, but even
among treatment-eligible patients, substantial delays to ART
initiation exist.”'° Many patient-level factors such as age,
gender, race/ethnicity, substance use, homelessness, lack of
insurance and psychological factors including perceived ca-
pacity to tolerate psychological distress and avoidance of
physical discomfort’-1%-21-3! have been shown affect ART
initiation. However, provider-level factors have been rela-
tively understudied. In a recent national survey of HIV care
providers, provider-level reasons for delaying ART initiation
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included concerns about patients’ acceptance of ART (e.g.,
lack of readiness, refusal to start, and denial, fear, or lack of
knowledge about ART), concerns about patients’ ability to
adhere to ART (e.g., substance use, mental health, ap-
pointment non-adherence, unstable social situation), and
concerns about structural barriers (e.g., cost, lack of insur-
ance) (Beer et. al., unpublished observation). Gargliado
et al. in a survey of US providers from the American
Academy of HIV Medicine also found unstable housing and
drug use were perceived providers as large barriers to ART
initiation.*” Lastly, there are almost no data on facility-level
barriers to ART initiation or time to ART initiation. In this
analysis, we did not find any association between time to
ART initiation and facility characteristics (facility patient
volume, Ryan White HIV/AIDS Program funding status,
and university affiliation). However, further analysis of fa-
cility level characteristics, including facility size and Ryan
White HIV/AIDS Program funding status, is warranted to
better understand how they might contribute to delayed
ART initiation.

This analysis has certain limitations. First, we acknowl-
edge that CD4 count at care initiation and throughout care
was a critical factor to ascertain treatment eligibility prior to
2012. However, using a combination of MMP and the juris-
dictions’ state HIV case registry data, we were only able to
ascertain AIDS at care entry as a proxy variable to adjust for
treatment eligibility based on disease severity in this analysis.
Thus, we assessed time from care entry to ART initiation for
all persons without adjusting for treatment eligibility ac-
cording to CD4 cell count criteria. Therefore, our analysis
describes practice rather than compliance with applicable
guidelines. If estimates of time to ART initiation had been
restricted to treatment-eligible persons, they would likely
have been lower. However, given current treatment recom-
mendations to initiate ART in all HIV-diagnosed persons
regardless of CD4 cell count, our analysis sets a baseline time
to ART initiation for future MMP analyses given that MMP is
an ongoing surveillance system in which data are collected
annually. Second, the date of care entry and first ART use
were self-reported and thus may be subject to recall bias.
However, to minimize recall errors, only persons diagnosed
within a 5-year period prior to the interview (from May 2004
to April 2009) were asked questions regarding care entry and
ART initiation dates. Also, MMP samples only HIV-infected
adults receiving care, as such, our results cannot be gener-
alized to all HIV-infected persons in the United States. Al-
though provider-level data were not measured, a large
proportion of persons who did not initiate ART prior to in-
terview reported their doctor advised treatment delay.
Though we found no associations between measured facility
factors and ART initiation, we suspect that other unmeasured
facility level factors including administrative processes and
medication cost might be associated with delays. Both pro-
vider and facility-level factors merit further exploration.

We provide national estimates of time to ART initiation
among HIV-infected adults receiving care in the United
States, to assess current trends in HIV treatment initiation
practices and provide a baseline measure for evaluating the
impact of new treatment guidelines. Improving overall time
to ART initiation and addressing disparities in time to ART
initiation will be an important step in improving treatment
outcomes among HIV-infected persons.
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