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Background. The Patient Protection and Affordable Care Act encourages healthcare systems to track quality-of-care measures;
little is known about their impact on mortality rates. The objective of this study was to assess associations between HIV quality of care
and mortality rates.

Methods. A longitudinal survival analysis of the Veterans Aging Cohort Study included 3038 human immunodeficiency virus
(HIV)–infected patients enrolled between June 2002 and July 2008. The independent variable was receipt of ≥80% of 9 HIV quality
indicators (QIs) abstracted from medical records in the 12 months after enrollment. Overall mortality rates through 2014 were as-
sessed from the Veterans Health Administration, Medicare, and Social Security National Death Index records. We assessed associ-
ations between receiving ≥80% of HIV QIs and mortality rates using Kaplan–Meier survival analysis and adjusted Cox proportional
hazards models. Results were stratified by unhealthy alcohol and illicit drug use.

Results. The majority of participants were male (97.5%) and black (66.8%), with a mean (standard deviation) age of 49.0 (8.8)
years. Overall, 25.9% reported past-year unhealthy alcohol use and 28.4% reported past-year illicit drug use. During 24 805 person-
years of follow-up (mean [standard deviation], 8.2 [3.3] years), those who received ≥80% of QIs experienced lower age-adjusted mor-
tality rates (adjusted hazard ratio, 0.75; 95% confidence interval, .65–.86). Adjustment for disease severity attenuated the association.

Conclusions. Receipt of ≥80% of select HIV QIs is associated with improved survival in a sample of predominantly male, black,
HIV-infected patients but was insufficient to overcome adjustment for disease severity. Interventions to ensure high-quality care and
address underlying chronic illness may improve survival in HIV-infected patients.
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The Patient Protection and Affordable Care Act prioritizes the
delivery of high-quality healthcare, encourages healthcare sys-
tems to track and report quality-of-care (QOC) measures, and
allows healthcare funders to link provider payments to these
measures [1]. QOC provided by a healthcare delivery system
or individual provider is typically measured by disease-specific
care process measures, called quality indicators (QIs). These
QIs assess whether an individual patient receives a particular
healthcare procedure during a specified time frame, if the pa-
tient is eligible to receive that care. QIs are used to inform
healthcare providers, systems administrators, funders, and the

general population of the overall QOC delivered by a healthcare
system or individual providers. Summary measures of individ-
ual QIs are increasingly used to assess overall care quality [2, 3].

Human immunodeficiency virus (HIV)QIs are well-established,
with growing consensus on a body of QIs endorsed by the US
Health Resources Services Administration HIV/AIDS Bureau,
the Veterans Health Administration (VHA), the Institute of Med-
icine, and the National Quality Forum [4, 5]. As in most chronic
illnesses, individual process measures are often selected based on
clinical trials that demonstrate their association with favorable out-
comes [6, 7]. The link between a group of disease-specific process
measure QIs and outcomes has been difficult to demonstrate in
clinical practice. The few studies that have done so in patients
with other chronic illnesses (eg, diabetes and acute myocardial
infarction [8, 9]), did not focus on vulnerable populations, such
as patients with HIV infection or substance use. Little is known
regarding the association between aggregate receipt-of-care pro-
cess measures, as a whole, and outcomes such as mortality rate.
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Survival rates have historically varied among HIV-infected
patients. Combined antiretroviral therapy (cART) use has in-
creased survival for some HIV-infected patients from a few
years to decades [10, 11]. Although historic sex and race/
ethnicity gaps in life expectancy for HIV-infected patients
have narrowed during the past decade, life expectancy has re-
mained unchanged since 2000 for HIV-infected patients with
a history of injection drug use and remains substantially
lower than for other HIV risk groups (49 years for injection
drug users vs 77 years for men who have sex with men) [12].
Similarly, unhealthy alcohol use is estimated to decrease surviv-
al by 3–6.4 years among HIV-infected patients [13].

Quality of HIV care is suboptimal for HIV-infected patients
with substance use [14–17]. In a recent study of HIV-infected
veterans, both recent unhealthy alcohol use and illicit drug
use were inversely associated with the percentage of QIs re-
ceived [16]. Whether decreased quality of HIV care is an inde-
pendent predictor of decreased survival in HIV-infected
patients with unhealthy alcohol or drug use is not known. Sub-
stance use may be an important confounder of an association
between QOC and mortality rates.

We therefore chose to examine the association between
QOC and mortality rates in a population of HIV-infected pa-
tients, where receipt of high-quality care might have the po-
tential to close deficits in disease outcomes. Our objectives
were to assess (1) the association between quality of HIV
care and mortality rates and (2) the potential for high-quality
care to close gaps in mortality for HIV-infected patients with
past-year unhealthy alcohol and/or illicit drug use. We hy-
pothesized that receiving more eligible HIV QIs would be as-
sociated with improved mortality rates and that mortality rates
would be comparable for those who received the highest

quality of HIV care, regardless of past-year unhealthy alcohol
or illicit drug use.

METHODS

Setting and Participants
We conducted a longitudinal survival analysis among HIV-
infected patients enrolled in the Veterans Aging Cohort Study
(VACS), an ongoing study that has been described elsewhere
[18, 19]. Briefly, VACS is a national cohort study of HIV-infect-
ed patients receiving care at 8 VHA infectious disease clinics
and age-, race-, and site-matched HIV uninfected patients en-
rolled in general medicine clinics. Our analysis includes data
from HIV-infected participants enrolled between June 2002
and July 2008. During this time period, VACS clinic sites were
located at VHA facilities in Atlanta, Georgia; Baltimore, Mary-
land; Bronx, New York; Houston, Texas; Los Angeles, Califor-
nia; New York City, New York; Pittsburgh, Pennsylvania; and
Washington, DC. VACS is approved by the institutional review
boards at the coordinating center at the VAConnecticut Health-
care System and each of the participating VHA facilities and
corresponding university affiliates. At enrollment, participants
completed baseline surveys and provided permission to access
all their information within the Department of Veterans Affairs
(VA), including pharmacy, laboratory, diagnostic, healthcare
utilization, and mortality data. Participants were excluded
from the analysis if they died or were lost to follow-up in the
12 months after enrollment, because QOC was assessed during
this time frame.

Measures
The independent variable for the current study was quality of
HIV care in the 12 months after enrollment. We measured 9

Table 1. Human Immunodeficiency Virus Quality-of-Care Indicators

Quality Indicator “Pass” Criteria Eligibility Criteria
Proportion Meeting
Criteria, if Eligible, %

Medications

ART Receipt of ART in past 12 mo CD4 cell count nadir
≤350/mL ever

90.6

Pneumocystis jiroveci
pneumonia prophylaxis

Receipt of dapsone, trimethoprim-sulfamethoxazole,
atovaquone, pentamidine in past 12 mo

CD4 cell count ≤200/mL
in past 12 mo

92.9

Mycobacterium avium
complex prophylaxis

Receipt of clarithromycin, azithromycin, or rifabutin in
past 12 mo

CD4 cell count ≤50/mL 87.6

Screening

Hyperlipidemia Lipid test in past 12 mo Receiving ART 80.0

Hepatitis C HCV antibody test ever All 95.3

Prevention

Pneumovax Pneumococcal vaccine ever All 89.2

Influenza Influenza vaccine in past 12 mo All 56.8

Monitoring

CD4 cell count ≥2 CD4 cell counts separated by ≥3 mo, within past 12 mo All 80.4

HIV clinic visits ≥2 HIV clinic visits separated by ≥3 mo, within 12 mo All 89.1

Abbreviations: ART, antiretroviral therapy; HCV, hepatitis C virus; HIV, human immunodeficiency virus.
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process QIs from therapeutic, monitoring, screening, and pre-
vention domains (Table 1). QIs were assessed only if a patient
was eligible to receive the indicated care process (eg, the cART
QI was considered “met” only if the participant’s CD4 cell
count nadir was <350/mL, consistent with treatment guidelines
during the study period). All participants were eligible to receive
≥5 QIs and could receive as many as 9 depending on eligibility.
The QIs were originally developed through modified Delphi
methods [20], adapted for use in the VHA [14, 17, 21], reviewed
in an Institute of Medicine Report [22], and belong to a set of
national consensus panel QIs for HIV care [4].

We calculated the percentage of QIs each participant received
in the 12 months after enrollment, if eligible, a strategy previ-
ously used to estimate the overall quality of US healthcare
[23] and adapted for HIV-infected populations [24]. For exam-
ple, if 6 QIs were met for a person who was eligible to receive 9,
that person received 66.6% (6/9 × 100) of the QIs for which he
or she was eligible. We dichotomized the percentage of quality
of HIV care received as ≥80% of QIs versus <80%, because mor-
tality rates were comparable for those with 100% and those with
≥80% of QIs and generally declined for those with <80% (Sup-
plementary Table 1).

The primary outcome measure was overall mortality rate, as-
sessed beginning 12 months after enrollment. Deaths were iden-
tified from 4 sources: (1) the Patient Treatment File, which
records hospital deaths in the VA healthcare system; (2) the
Beneficiary Identification Records Locating System, which
tracks VA death benefits, (3) the Medicare Vital Status File;
and (4) the Social Security National Death Index. Mortality
rates were assessed through 31 July 2014, allowing for a fol-
low-up period of up to 11 years, with a mean (standard devia-
tion [SD]) follow-up of 8.2 (3.2) years.

Other independent variables and covariates included self-
reported unhealthy alcohol use and illicit drug use from a sur-
vey at the time of study enrollment. Unhealthy alcohol use,
which includes at-risk drinking, alcohol abuse, and depen-
dence in the past 12 months, was defined by a 3-item Alcohol
Use Disorders Identification Test–Consumption (AUDIT-C)
score of ≥4 [25, 26]. The AUDIT-C is a universal, annual
screening measure for patients in primary care clinics in the
VHA. Illicit drug use was defined by any self-reported use of
nonprescribed stimulants, opioids, or injection drugs in the
past 12 months [27, 28].

We also considered potential covariates that might influence
mortality rate, including sex, race/ethnicity, age, education level,
homelessness, baseline CD4 cell count, suppression of HIV viral
replication, cART, hepatitis C virus (HCV) status, and the VACS
Index as a measure of overall health. The VACS Index is a pre-
dictor of mortality rate in HIV-infected patients, comprised of
measures of age, CD4 cell count, HIV-1 RNA level, hemoglo-
bin, liver fibrosis, renal function (estimated glomerular filtration
rate), and HCV status [29, 30].

Analysis
We report patient characteristics overall and by unhealthy alco-
hol use (yes/no) and illicit drug use (yes/no), using descriptive
statistics. We compared continuous variables (age) using t tests
and categorical variables using χ2 tests, and we calculated mor-
tality rates in deaths per 100 person-years. We estimated the as-
sociations between the dichotomous percent of QIs received
(≥80% vs <80%) and overall mortality rates using Kaplan–
Meier survival analysis and univariate and multivariate Cox
proportional hazards models. Analyses were stratified by past-
year unhealthy alcohol and illicit drug use to test the hypothesis
that receiving higher quality of HIV care might narrow gaps in
mortality rates observed for these patients. We assessed a priori
covariates of age, sex, race/ethnicity, CD4 cell count <200/µL,
and site by adding each individually to the univariate models;
if the model QI coefficient changed by >10% compared with
the QI coefficient in the univariate model, the variable was in-
cluded in the multivariate models. Only age met the criteria to
be included in the multivariate models adjusted for demograph-
ic characteristics.

A second set of multivariate models was analyzed with ad-
justment for the VACS Index. We tested the proportional haz-
ards assumption using Schoenfeld and scaled Schoenfeld
residuals and found no violation of the global proportional haz-
ards assumption. We conducted sensitivity analysis (1) limiting
observation time to 2 years to explore the effect of healthy sur-
vivor bias; (2) stratifying by mutually exclusive categories of no
unhealthy alcohol use or illicit drug use, unhealthy alcohol use
only, illicit drug use only, and both unhealthy alcohol and illicit
drug use; and (3) using alternative QOC thresholds of ≥50%
and 100% of QIs received.

RESULTS

The majority of the 3038 HIV-infected participants were male
(97.5%), black (66.8%), and had completed a high school edu-
cation or General Educational Development certificate (59.5%);
their mean (SD) age was 49.0 (8.8) years (Table 2). At study en-
rollment, 83.9% were prescribed cART, 79.7% had a CD4 cell
count ≥200/mL, and 55.6% had an undetectable HIV viral
load. Substance use was prevalent, with 25.9% reporting un-
healthy alcohol use, 28.4% reporting illicit drug use, and
11.2% reporting both in the past year. Marijuana (27.6%) was
the most frequently used drug, and 7.2% reported injection
drug use. Compared with those without unhealthy alcohol
use, participants with unhealthy alcohol use were younger,
more likely to be HCV infected or drug users, and more likely
to have ever been homeless; they were less likely to have a high
school education, be receiving cART, or have an undetectable
HIV viral load. Compared with those without illicit drug use,
participants with illicit drug use were more likely to be HCV
infected and have ever been homeless and less likely to have
had a high school education, be receiving cART, or have an
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undetectable HIV viral load, or a CD4 cell count ≥200/mL A
majority (69.6%) of participants received ≥80% of eligible
QIs. Participants with current unhealthy alcohol and/or illicit
drug use were less likely to receive ≥80% of eligible QIs than
those without.

Participants were followed up for a mean (SD) of 8.2 (3.3)
years. A total of 902 participants died (29.8%) during 24 805
person-years of follow-up. Mortality rates were higher for par-
ticipants with past-year illicit drug use than for those without
and comparable for those with and those without past-year un-
healthy alcohol use. Mortality rates were lowest for those who
received ≥80% of HIV QIs for which they were eligible, regard-
less of substance use (Table 2).

All participants who received ≥80% of eligible HIV QIs ex-
perienced lower hazards of age-adjusted mortality rates
(Table 3). Overall, receiving ≥80% of eligible QIs was associated
with a 25% decrease in mortality rate compared with receiving a
lower percentage of eligible QIs (age-adjusted hazards ratio,
0.75; 95% confidence interval, .65–.86). Similar benefits were
observed regardless of substance use. This association was

attenuated in models adjusting for severity of illness using the
VACS Index.

In survival analyses, overall survival was better for those who
received ≥80% of HIV QIs (Figure 1A). This was true among
those with or without unhealthy alcohol use and those with
and without illicit drug use (Figure 1B and 1C).

Sensitivity analyses limiting follow-up to 2 years, and using al-
ternative QOC thresholds of ≥50% and 100% of QIs received
yielded similar results. Stratifying by 4 mutually exclusive sub-
stance use categories (no unhealthy alcohol use or illicit drug
use, unhealthy alcohol use only, illicit drug use only, and both un-
healthy alcohol and illicit drug use) yielded point estimates similar
in direction that did not achieve the threshold for statistical signif-
icance owing to small sample sizes (Supplementary Table 2).

DISCUSSION

The current study found improved mortality rates in HIV-
infected patients who receive high-quality care. These findings
support policies that promote monitoring and reporting of QIs,
suggesting that high quality care provided by healthcare systems

Table 2. Participant Characteristics, Overall and by Substance Usea

Characteristic
Overall

Current Unhealthy Alcohol Use Current Illicit Drug Use

(n = 3038) Yes (n = 788) No (n = 2250) P Valueb Yes (n = 863) No (n = 2175) P Valueb

≥80% QIs received 69.6 61.7 72.4 <.001 61.0 73.2 <.001

≥50% QIs received 95.1 92.6 96.9 <.001 92.5 96.2 <.001

≥100% QIs received 36.0 31.0 37.9 <.001 28.3 39.2 <.001

Age, mean (SD), y 49.0 (8.8) 48.0 49.3 <.001 48.6 49.1 .17

Male sex 97.5 98.4 97.1 .08 97.0 97.7 .26

Race/ethnicity .84 <.001

White 19.9 19.2 20.1 . . . 13.0 22.6 . . .

Black 66.8 67.5 66.6 . . . 75.6 63.4 . . .

Latino 9.5 9.8 9.3 . . . 7.7 102 . . .

Other 3.8 3.4 4.0 . . . 3.7 3.9 . . .

CD4 cell count >200/nadir 79.7 79.6 79.7 .92 75.8 81.2 .001

HIV RNA <500 copies/mL 55.6 49.9 57.6 <.001 48.7 58.4 <.001

cART prescribed 83.9 80.2 85.2 .001 80.8 85.1 .003

Education level at least high school/GED 59.5 54.9 61.1 .002 53.2 62.0 <.001

Ever homeless 41.5 46.7 39.6 .001 58.0 34.9 <.001

HCV positive 53.5 57.7 52.0 .006 66.9 48.2 <.001

Unhealthy alcohol use 25.9 . . . . . . . . . 40.0 20.5 <.001

Drug use

Opiates 9.4 11.8 8.5 .006 32.9 . . . . . .

Cocaine 21.9 38.0 16.2 <.001 76.9 . . . . . .

Stimulants 4.3 6.0 3.7 .007 15.1 . . . . . .

Marijuana 27.6 38.6 23.7 <.001 48.9 . . . . . .

Injection drug use 7.2 10.3 6.1 <.001 25.3 . . . . . .

Mean VACS Index 32.6 33.0 32.4 .50 36.3 31.1 <.001

Mortality rate, deaths/100 person-years

<80% QIs received 4.1 4.4 3.9 .37 4.9 3.7 .02

≥80% QIs received 3.5 3.5 3.4 .89 3.9 3.3 .08

Abbreviations: cART, combination antiretroviral therapy; GED, General Educational Development certificate; HCV, hepatitis C virus; HIV, human immunodeficiency virus; QIs, quality indicators;
SD, standard deviation; VACS, Veterans Aging Cohort Study.
a Data represent percentage of participants, unless otherwise specified.
b Differences were considered statistically significant at P < .05.
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and providers may translate into decreased mortality rates for
their patients. Improving QOC alone, however, may be insuffi-
cient for overcoming the contribution of underlying disease se-
verity to mortality rate.

The current study provides an example of a chronic illness in
which improvements in QIs are associated with improved mortal-
ity rates, and this finding requires replication in other chronic ill-
nesses. Mortality rates have been associated with process measures
for few other chronic illnesses [8, 9].Of 14 diabetes QIs examined
in a registry of 10 058 diabetic patients receiving care in the Neth-
erlands, only 4 were associated with a decrease in a composite out-
come of cardiovascular event or death [9]. In a survey of cardiac
care units, optimal management scores were associated with de-
creased 30-day mortality rates for patients admitted for acute
myocardial infarction [8]. Patient-level QOC measures were not
considered. In a study of US Veterans admitted for acute myocar-
dial infarction, the percentage of inpatient QIs received was not
associated with 12-month all-cause mortality rate [31], but no pri-
mary care QIs were assessed. We were unable to identify studies
that assessed associations between mortality rate and composite
QIs for common conditions managed in outpatient settings.

When results were stratified by unhealthy alcohol and illicit
drug use, all groups receiving ≥80% of QIs experienced lower
all-cause unadjusted and age-adjusted mortality rates. This sug-
gests that improvements in QOC may have beneficial effects on
survival regardless of substance use status.

Associations between mortality rate and receipt of ≥80% of
indicated QIs observed in a Cox-proportional hazards model
were attenuated when adjusted for the VACS Index, a powerful
predicator of mortality rate in HIV-infected patients that in-
cludes laboratory measures of HCV status, anemia, renal and
liver function [29, 30]. The VACS Index was endogenous with
other clinical predictors of mortality rate already included (eg,
CD4 cell count) in a priori models. These findings suggest that
improving adherence to QOC metrics may not be sufficient to
overcome the role of severity of medical illness as the dominant
driver of mortality rate, overall, or in patients with drug or alco-
hol problems. Treatment of patient comorbid conditions and
substance use disorders remains crucial for improving survival
for HIV-infected patients with unhealthy alcohol or illicit drug
use, as demonstrated elsewhere [32–34].

Any potential for improved QOC to benefit survival in HIV-
infected patients requires engagement in HIV care. Engagement
and retention were high in a study of the continuum of HIV
care at a large VHA HIV treatment center, with 90% of veterans
linked to HIV care and 73% retained in care [35], but lower in
nonveteran populations [36]. Unhealthy alcohol and illicit drug
use are often associated with failure to be retained in care. In-
deed, participants with unhealthy alcohol use and/or illicit drug
use were less likely to receive ≥80% of indicated HIV QIs. Re-
alizing potential survival benefits due to receipt of high-quality
HIV care will require improved interventions to link and retain

Table 3. Unadjusted and Adjusted Hazard Ratios for All-Cause Mortality Rates, Overall and by Unhealthy Alcohol and Illicit Drug Use

Participants Group

Hazard Ratio (95% CI)

Unadjusted Adjusted for Age Adjusted for VACS Indexa

All participants (n = 3038)

≥80% QIs received 0.85 (.74–.98)b 0.75 (.65–.86)b 1.01 (.88–1.17)

Age (years) . . . 1.05 (1.04–1.05)b . . .

Mean VACS Index . . . . . . 1.19 (1.17–1.21)b

Unhealthy alcohol use (n = 788)

≥80% QIs received 0.80 (.62–1.03) 0.74 (.57–.96)b 1.00 (.78–1.30)

Age (years) . . . 1.05 (1.04–1.06)b . . .

Mean VACS Index . . . . . . 1.18 (1.15–1.21)b

No unhealthy alcohol use (n = 2250)

≥80% QIs received 0.89 (.750–1.05) 0.76 (.64–.91)b 1.02 (.86–1.21)

Age (years) . . . 1.05 (1.04–1.07)b . . .

Mean VACS Index . . . . . . 1.20 (1.18–1.21)b

Illicit drug use (n = 863)

≥80% QIs received 0.82 (.65–1.03) 0.77 (.61–.97)b 1.00 (.79–1.27)

Age (years) . . . 1.06 (1.05–1.08)b . . .

Mean VACS Index . . . . . . 1.19 (1.16–1.22)b

No illicit drug use (n = 2175)

≥80% QIs received 0.91 (.76–1.09) 0.78 (.65–.94)b 1.03 (.86–1.23)

Age (years) . . . 1.04 (1.04–1.05)b . . .

Mean VACS Index . . . . . . 1.19 (1.17–1.21)b

Abbreviations: CI, confidence interval; QIs, quality indicators; VACS, Veterans Aging Cohort Study.
a VACS Index divided by 5; age is not adjusted for in this model because it is a component of the VACS Index.
b P < .05.
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in medical care HIV-infected individuals with unhealthy alco-
hol or illicit drug use and engage them in treatment of substance
use disorders.

The current study findings should be interpreted in the con-
text of several potential limitations. First, our study population
of HIV-infected patients was limited to predominantly male US
military veterans who received care in the VHA, an organiza-
tion whose systematic strategies to improve the QOC during
the past 2 decades may have biased our results toward the
null hypotheses [37–40]. Replications of the current study in
other healthcare systems may find an even greater association
between QOC and survival. Second, we were unable to measure

some QIs owing to limitations of medical record data collection
and validation (eg, high-risk sexual behavior screening and re-
tention in care). Inclusion of these QIs in electronic medical re-
cord collection would facilitate assessment of such QIs for both
clinical and research purposes.

As another limitation, we were unable to account for QIs de-
livered by non-VA providers. This is unlikely to bias results of
most QIs (eg, most HIV-infected veterans fill prescription for
cART at VA pharmacies) but may be important for QIs com-
monly delivered in non-VA settings (eg, influenza vaccinations).
There is also little empirical evidence to support the use of an
80% of QIs threshold, though achieving ≥80% of QIs has strong
face validity as a reflection of high-quality care and is often used
as a performance target for non-HIV care in healthcare systems.
Finally, we could not determine whether the association be-
tween QOC and survival was due to direct effects of care pro-
cesses on survival or whether these measures were proxies for
unmeasured patient characteristics or other aspects of care
that influenced survival.

The 2010 US National HIV/AIDS Strategy identifies improv-
ing the QOC for persons living with HIV as a national priority
[41]. The current study findings suggest that this policy may
further improve survival among HIV-infected patients who en-
gage in care but that increased adherence to QOC measures
may not be sufficient for improving mortality rates without ad-
dressing underlying conditions. Future research should explore
associations between QOC and other outcomes, such as patient
satisfaction and cost of care, and the association between QOC
and mortality rates for AIDS-related mortality and in other
chronic illnesses.
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