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Background. Despite advances in human immunodeficiency virus (HIV) treatment, major challenges remain
in achieving access, retention, and adherence. Our inner-city HIV clinical practice in Baltimore has a diverse
patient population with high rates of poverty, black race, and injection drug use (IDU), providing us the opportu-
nity to compare health process and outcomes.

Methods. Using data collected in a clinical HIV cohort in Baltimore, we compared receipt of combination
antiretroviral therapy (ART), HIV type 1 (HIV-1) RNA, CD4, incidence of opportunistic illness, and mortality
from 1995 to 2010. Comparisons were made of these outcomes by HIV risk group, sex, and race (black, white).

Results. From 1995 to 2010, we followed 6366 patients comprising 27 941 person-years (PY) of follow-up. By
2010, 87% of patients were receiving ART; median HIV-1 RNA was <200 copies/mL, median CD4 was 475 cells/
mm3, opportunistic illness rates were 2.4 per 100 PY, and mortality rates were 2.1 per 100 PY, with no differences
by demographic or HIV risk group. The only differences were that the IDU risk group had a median CD4 that
was 79 cells/mm3 lower and HIV-1 RNA 0.16 log10 copies/mL higher compared with other risk groups (P < .01).
In 2009 a 28-year-old HIV-infected person was estimated to have 45.4 years of life remaining, which did not
differ by demographic or behavioral risk group.

Discussion. Our results emphasize that advances in HIV treatment have had a positive impact on all affected
demographic and behavioral risk groups in an HIV clinical setting, with an expected longevity for HIV-infected
patients that is now 73 years.

Since 1995, the care of human immunodeficiency virus
(HIV)–infected persons in the United States has ad-
vanced dramatically, led by the availability of a growing
number of classes of effective antiretroviral agents and
management guidelines that have been based on ad-
vancing scientific evidence [1]. Several studies have
demonstrated improvements in the clinical outcomes of
HIV infection as management has improved, docu-
menting a decline in opportunistic infection and
in mortality, and improvements in the HIV type 1

(HIV-1) RNA level and the CD4 T-cell count [2–5].
However, these studies have generally reported this experi-
ence in relatively homogeneous populations that are often
predominantlymale, white race, and in themenwho have
sex with men (MSM) HIV transmission risk group.

Despite these advances in HIV treatment, major
challenges remain in achieving access, retention in
care, and adherence to antiretroviral treatment regi-
mens. Improvements in HIV care and outcomes may
not have equally affected women, minority races and
non-MSM HIV transmission risk groups and persons
across all income strata [6]. Disparities in healthcare
are particularly concerning with HIV because infection
rates are particularly high in African Americans [7],
persons below the poverty line [8], and injection drug
users (IDUs) [9]. This is especially challenging because
HIV treatment is complex, lifelong, expensive, and de-
manding, as nonadherence leads to virologic failure
and resistance [10]. Studies to date have not been able
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to directly compare these demographic and behavioral groups
although population assessments suggest major obstacles to
successful treatment attributed to inadequate access to care,
retention in care, and adherence to contemporary guidelines
in HIV treatment. These issues are often attributed to health-
care disparities. Our inner-city HIV clinical practice in Balti-
more, Maryland, provides us with the opportunity to compare
health processes and outcomes among these demographic and
behavior groups within our clinic.

METHODS

The Johns Hopkins HIV/AIDS Service has provided HIV care
to a majority of HIV-infected individuals who have sought
care in Baltimore since the service opened in 1984. Its patients
are principally from the Baltimore metropolitan region, an
East Coast urban region with the fifth-highest incidence of
HIV of US urban centers and in a state with the third-highest
incidence of HIV infection in the United States [11]. The pop-
ulation has a high proportion of individuals who were infected
through injection drug use, and the majority have incomes
below the poverty line. This analysis used longitudinal data
collected in the Johns Hopkins HIV Clinical Cohort. This is a
nested clinical cohort of persons who have received care from
the Johns Hopkins HIV/AIDS Service. All patients who
present to the clinic for longitudinal HIV care are approached
to enroll in the cohort, usually at their second visit, and the
rate of refusal is <1%. Patients who present only for consulta-
tion are not included, and those whose HIV primary care is
elsewhere are not included. Data on all measures used in this
analysis have been collected over time since 1990. The
methods used have not changed with data collected prospec-
tively by trained abstractors from the patient, the medical
record, and electronic institutional sources. Quality assurance
mechanisms have been in place to ensure complete and accu-
rate collection of these data [12]. Mortality is tracked through
clinical records supplemented by both state and national vital
statistics. We search the online Social Security Death Index
twice yearly as well as Web-based local death announcements.

The demographic and behavioral stratifying variables of
primary interest in this study were patient-reported HIV
transmission risk group (MSM, IDU, heterosexual), patient-
reported race (white, black) and sex (male, female). The clinic
has had relatively low numbers of patients from other racial
groups (<2%) and transgender patients (<1%), and these cate-
gories were not included. We also assessed retention in care,
which was defined as having a primary care visit in the first,
second, and third years after the calendar year of analysis (eg,
a primary care visit in 2000 and subsequent visits in 2001,
2002, and 2003). We assessed the patient’s medical insurance
at first visit in a calendar year (available beginning in calendar

year 2005, and classified as Medicaid, Medicare, private/com-
mercial, and self-pay).

Outcome measures included utilization of combination anti-
retroviral therapy (ART) as measured by provider prescribing at
any time during the year, HIV-1 RNA level, CD4 T-cell count
(the earliest date the laboratory value was measured during that
calendar year), incidence of opportunistic illness (OI) [13] and
mortality (that occurred during that calendar year). We assessed
each of these measures from 1995 through 2010 in those pa-
tients who were enrolled into the clinic prior to the midpoint of
that calendar year and had at least 1 clinic visit in that calendar
year. The percentage of patients prescribed ART, defined as a
regimen that included a protease inhibitor, nonnucleoside
reverse transcriptase inhibitor (RTI), integrase strand transfer
inhibitor or CD4 T-cell entry inhibitor, or the use of triple nu-
cleoside RTI therapy (which was an acceptable therapy during
part of this time), was calculated for each calendar year for all
individuals in care during that year. Early use of dual nucleo-
side RTI therapy was not assessed. The median HIV-1 RNA
level and CD4 T-cell count was computed for each calendar
year for all individuals in care during that year. The values
closest to the midpoint of the year were used as most represen-
tative of patients in care during that entire year. OI incidence
rates and mortality rates were computed for each calendar year
as the number of events divided by the number of person-years
(PY) patients in that year contributed. Life expectancy was cal-
culated using a standard abridged (5-year age grouping) life
table–based actuarial formula in 2009 (to allow for 1 year of
follow-up person-time to compute mortality rates).

Descriptive comparison of demographic and behavioral risk
group trends over time was done by Mantel-Haenszel test for
trend for categorical variables (sex, race, transmission risk
group, insurance, and retention in care) and the Kruskal-Wallis
test for age. We conducted multivariate analyses of the associa-
tions of demographic (age, race, sex) and transmission risk
group variables with the outcome variables (use of ART, HIV-1
RNA level, CD4 T-cell count, and OI and mortality rates) for
calendar year 2010. Negative binomial regression was used to
compare mortality and OI rates by demographic and behavioral
risk categories. Linear regression was used to compare CD4 T-
cell levels and log10 HIV-1 RNA level by these categories, and
logistic regression was used to compare use of ART by these
categories. In addition to the demographic and risk variables,
these multivariate analyses also included the CD4 T-cell level at
enrollment into the clinic and insurance. These analyses were
done using Proc Genmod (SAS Institute).

RESULTS

From 1995 to 2010, we followed 6366 patients with 27 941 PY
of follow-up. HIV transmission risk was 45% for IDUs, 26%
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for MSM, and 30% for heterosexual individuals. Seventy-six
percent of patients were black, 22% were white, and 2% other
races, and 32% were women. Table 1 shows the demographic
and clinical characteristics of the population from 1995 to 2010
by 5-year intervals. Over time, the population was older, with
an increased proportion of women and heterosexual HIV trans-
mission. These characteristics reflect the changing demography
of HIV infection in Maryland during this time. From 2005 to
2010, there were fewer uninsured patients and a concomitant
increase in Medicare-insured patients. There is an increasing
trend in the CD4 T-cell count at clinic enrollment, although
the median entry CD4 T-cell count in 2010 remained <350
cells/mm3. Retention in care improved over time but remained
lowest after 3 years. The only significant differences within sex,
race, or HIV transmission risk groups was for a higher rate of
retention in women compared with men in 1995 and in IDU
compared to non-IDU patients in 1995 and 2000. This diffe-
rence was no longer present after 2005.

The annual percentage of patients prescribed combination
ART is shown in Figure 1. There is an increasing trend in
receipt of ART in all demographic and behavioral risk groups,
with the earliest increase in use in MSM, men, and white pa-
tients. By 2010, the percentage of patients receiving ART was
87%. In multivariate analysis adjusting for age and enrollment

CD4 T-cell level, there were no significant differences in ART
receipt by HIV transmission risk group, sex, or race categories.
The trend in the median annual HIV-1 RNA level over time is
shown in Figure 2 for HIV transmission risk group, sex, and
race. Notably, the trend in the HIV-1 RNA level was dramati-
cally downward over time, with a median HIV-1 RNA level of
<200 copies/mL in all demographic and behavioral groups in
2010. In multivariate analysis, the log10 HIV-1 RNA level was
0.28 logs higher in the IDU compared to the MSM HIV trans-
mission group in 2010 (P < .001), although there was no signifi-
cant difference between MSM and heterosexual risk groups. The
log10 HIV-1 RNA level was 0.24 logs higher in blacks compared
to whites in 2010 (P < .001). There was no difference by sex.

The trend in the median annual CD4 T-cell count is shown
by HIV transmission risk group, sex, and race in Figure 3.
There were upward trends in all demographic and behavioral
groups, with an overall median CD4 T-cell level of 475 cells/
mm3 in 2010. In multivariate analysis, the IDU risk group had
a CD4 T-cell level that was 76 cells/mm3 less than that in
MSM (P < .001), with no significant difference between MSM
and heterosexual risk groups. The CD4 T-cell count was 55
cells/mm3 lower in men compared to women (P = .001). There
was no racial difference.

The annual incidence rate of opportunistic illness is shown
in Figure 4 for HIV transmission risk group, sex, and race.
There again was a dramatic decline in OI incidence rates over
time to 2.4 per 100 PY by 2010. The annual mortality rate is
shown for HIV transmission risk group, sex, and race in
Figure 5. Mortality rate decline was greatest from 1995 to
1998, with a smaller decrease thereafter. In 2010, the mortality
rate was 2.1 per 100 PY. In multivariate analysis, there was no
significant difference in OI mortality rate by risk group, race,
or sex. Adjusting further for medical insurer did not signifi-
cantly alter these associations.

Because there was no significant difference in mortality, life
expectancy was computed for the entire sample for patients in
care in 2009. For a 28-year-old HIV-infected person in care in
2009, remaining life expectancy was calculated to be 45.4
years (95% confidence interval, 39.6–51.3 years).

DISCUSSION

Our clinic-wide analysis shows that substantial improvements
have occurred in the health of those infected with HIV irrespec-
tive of HIV transmission risk group, race, and sex. As of calen-
dar year 2010, there is no difference by demographic or
behavioral risk groups in ART prescription, OI rates, or mortali-
ty rates. This likely reflects the remarkable advances in the devel-
opment of ART, coupled with continual improvements in the
management of HIV-infected individuals based on evidence-
based guidelines [1]. In a previous study, we found that the

Table 1. Characteristics of the Sample, 1995–2010

Characteristic

Calendar Year

P Value1995 2000 2005 2010

Patients in care, No. 1041 1936 2140 2087
Age, median, y 38 40 44 48 <.01

Sex, Male, % 67 67 66 66 .40

Race, %
Black 79 77 75 75 .04

White 21 23 25 25 .04

Transmission riska, %
IDU 58 49 41 36 <.01

MSM 30 30 29 30 .93

Heterosexual 46 50 54 56 <.01
Retained in care, %

1 y later 85 89 89 90 <.01

2 y later 73 81 81 … <.01
3 y later 64 74 73 … <.01

Insurance (%)

Medicaid NA NA 42 44 .21
Self-pay (uninsured) 23 18 <.01

Private/commercial 15 15 .99

Medicare 19 23 <.01

Abbreviations: IDU, injection drug user; MSM, men who have sex with men;
NA, not available.
a Categories are not mutually exclusive.
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HIV-1 RNA level had declined markedly over time but we did
not analyze individual demographic and HIV transmission risk
groups [14]. Our group previously published results showing
disparities in comorbidity and mortality rates by race, sex, and
risk group using data through 2005 [15, 16]. Others have also
shown higher mortality rates in blacks vs whites, women vs
men, and IDUs vs other HIV transmission risk groups in HIV
care through 2005 [17]. A recent study with more recent data
from HOPS, a consortium of HIV care sites in the United
States, did not show differences in mortality rates by race for
patients with a CD4 T-cell count >200 cells/mm3 [18].

Though markedly improved, there remained some differ-
ences in 2010 in both the HIV-1 RNA and the CD4 T-cell
levels between the IDU risk group and the other HIV trans-
mission risk groups. Approximately half of our patients who
have IDU as a risk factor for HIV transmission continue to
episodically use illicit drugs, primarily opiates [19]. This be-
havior may have an impact on adherence to prescribed ART
and on subsequent HIV-1 RNA and CD4 response. It is also
possible that use of opiates may have a direct effect on the
immune system [20]. However, these differences did not
appear to translate into differences in OI or mortality rates.

Figure 1. Percentage of patients on combination antiretroviral therapy over time. Abbreviations: HET, heterosexual; IDU, injection drug user; MSM,
men who have sex with men.
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This would not appear to be confounding related to retention
in care since there were no significant differences between
IDUs and other risk groups in retention after 2005. It is
possible that receipt of ART and associated general medical
management led to improved clinical outcomes, but this is
speculative. Studies have shown that management of HIV-
infected opioid-dependent patients will have better HIV out-
comes associated with opioid substitution therapy [21–24].
Our clinic has had programs for treatment of opioid and
other addictions for much of its history, which may have in-
fluenced the clinical outcomes in our patients.

Health disparities/inequalities has been defined as “poten-
tially avoidable differences in health (or in health risks that
policy can influence) between groups of people who are more
and less advantaged socially; these differences systematically
place socially disadvantaged groups at further disadvantage on
health” [25]. An analysis of HIV in the United States by age,
sex, and race for the post–highly active antiretroviral therapy
era to 2005 showed the death rate was 7.92-fold higher for
blacks compared with whites and 2.72-fold higher for low
compared with high socioeconomic status [26]. Numerous
reports have documented inequalities in healthcare receipt

Figure 2. Human immunodeficiency virus type 1 RNA level in copies/mL over time. Abbreviations: HET, heterosexual; IDU, injection drug user; MSM,
men who have sex with men.
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based on income, race, and, to a lesser extent, sex [27–31].
These differences are dramatized and more challenging by the
demographics and cost of HIV infection. In the United States
the prevalence of HIV is reported at 6-fold greater levels in
blacks compared with whites [7], and the infection rate in
persons below the poverty line is substantially higher [32].
There are probably few major medical conditions that have so
selected minorities and “have nots.” The advances in HIV care
since 1996 are also remarkably unique, but the cost for con-
temporary medications averaged about $12 000/year [33].

These disparities in the population at risk and challenges in
healthcare delivery are further exaggerated in Baltimore, where

86% of reported HIV cases are in blacks and 32% are IDUs.
The Centers for Disease Control and Prevention released its
2011 report outlining the continuing disparities in both the
access to care and health outcomes based on a number of co-
morbidities including race/ethnicity, sex, and behaviors [36].
An important public health goal for Healthy People 2020 is to
achieve health equity, eliminate disparities, and improve the
health of all groups in the United States [34]. Optimizing
health outcomes among people living with HIV and reducing
HIV-related disparities is a major goal of the National HIV/
AIDS Strategy for the United States [35]. Specifically in regard
to HIV/AIDS, disparities are based not only upon race and

Figure 3. CD4 T-cell count in cells/mm3 over time. Abbreviations: HET, heterosexual; IDU, injection drug user; MSM, men who have sex with men.
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sex, but also non-MSM transmission risk groups, particularly
IDUs, with concern about adherence to treatment and reten-
tion in care.

One reason for our ability to deliver HIV care to patients
who might otherwise have financial and other barriers to care is
the Ryan White HIV/AIDS program. Since 1990, this program,
administered by the Health Resources and Services Administra-
tion of the US Department of Health and Human Services, has
provided federal financial assistance to the clinic to deliver HIV
care using a care model that combines primary, specialty (sub-
stance abuse and mental health), and supportive care (case

management, nutrition, treatment adherence, emergency assis-
tance, transportation) into an integrated multidisciplinary
program of care [36]. The Ryan White HIV/AIDS Program is
designed to provide financial support for HIV care for the eco-
nomically disadvantaged, and among the patients who received
Ryan White support in fiscal year 2010 in our clinic, 73% had
verified incomes less than the federal poverty guidelines and
another 19% had incomes between 101%–200% of the federal
poverty guidelines (personal communication, J. C. Keruly,
August 2011). A recent policy paper describes the components
of effective HIV care, with an emphasis on the contributions

Figure 4. Incidence of opportunistic illness in events per 100 person-years over time. Abbreviations: HET, heterosexual; IDU, injection drug user;
MSM, men who have sex with men.
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that the Ryan White HIV/AIDS Program has made in making
medical and supportive services accessible [37].

An important caveat in our analysis is that these are data
from patients who have engaged in care sufficiently to have
laboratory testing and clinical follow-up. We did not assess
patients who come to the clinic and then subsequently disen-
gage from care. A recent estimate suggests that 36% of HIV-
infected adults aged 18–64 who are linked to HIV care in the
US are retained in care over 18–48 months [38], approximate-
ly the same as seen in our clinic. We do not know how many
of the patients who were not retained in care transferred their
care to another facility or did not receive any further HIV

care. We also do not know whether our results would general-
ize to other HIV care settings in the United States, and they
certainly do not generalize to HIV-infected people in the
United States who have not engaged in HIV care. Never-
theless, we believe that our results are an important demon-
stration of what can be achieved by contemporary HIV care in
patients who are retained in care.

In summary, we have shown a dramatic improvement in
receipt of ART and in HIV outcomes in every demographic
and HIV transmission risk groups in our Baltimore clinic,
with relatively small remaining disparities in HIV-1 RNA and
CD4 T-cell levels as of calendar year 2010. We believe that

Figure 5. Mortality rate per 100 person-years over time. Abbreviations: HET, heterosexual; IDU, injection drug user; MSM, men who have sex with men.
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our results reflect what is possible when HIV care is delivered
based on state-of-the-art care guidelines with support from
the Ryan White HIV/AIDS Program to address the challenge
to deliver treatment that is highly effective, but also expensive,
complex, and requires continuous patient engagement by pop-
ulations that are often underserved by healthcare disparities.
These results may not reflect the care received by HIV-infected
individuals across the entire United States, and particularly in
patients with an IDU history, further improvement is needed.
Nevertheless, we believe that our results reflect an effective
model of care, and should continue in the United States if
individuals with HIV infection are to have the maximal benefit
possible from modern HIV care.
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