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ABSTRACT

Background and Methods National surveillance
data show recent, marked reductions in morbidity
and mortality associated with the acquired immuno-
deficiency syndrome (AIDS). To evaluate these de-
clines, we analyzed data on 1255 patients, each of
whom had at least one CD4+ count below 100 cells
per cubic millimeter, who were seen at nine clinics
specializing in the treatment of human immunodefi-
ciency virus (HIV) infection in eight U.S. cities from
January 1994 through June 1997.

Results Mortality among the patients declined
from 29.4 per 100 person-years in 1995 to 8.8 per 100
person-years in the second quarter of 1997. There
were reductions in mortality regardless of sex, race,
age, and risk factors for transmission of HIV. The in-
cidence of any of three major opportunistic infec-
tions (Pneumocystis carinii pneumonia, Mycobacte-
rium avium complex disease, and cytomegalovirus
retinitis) declined from 21.9 per 100 person-years in
1994 to 3.7 per 100 person-years by mid-1997. In a
failure-rate model, increases in the intensity of anti-
retroviral therapy (classified as none, monotherapy,
combination therapy without a protease inhibitor,
and combination therapy with a protease inhibitor)
were associated with stepwise reductions in morbid-
ity and mortality. Combination antiretroviral therapy
was associated with the most benefit; the inclusion
of protease inhibitors in such regimens conferred
additional benefit. Patients with private insurance
were more often prescribed protease inhibitors and
had lower mortality rates than those insured by Medi-
care or Medicaid.

Conclusions The recent declines in morbidity and
mortality due to AIDS are attributable to the use of
more intensive antiretroviral therapies. (N Engl J Med
1998;338:853-60.)
©1998, Massachusetts Medical Society.

HE treatment of human immunodeficien-

cy virus (HIV) infection has undergone

considerable change.!3 Protease inhibitors

and non—nucleoside-analogue reverse-trans-
criptase inhibitors, when used as part of combina-
tion drug regimens, can profoundly suppress viral
replication, with consequent repletion of CD4+ cell
counts.*7 Multiple clinical trials have shown the
virologic and immunologic efficacy of the newer,
highly active antiretroviral-drug combinations™ by
measuring the plasma load of HIV RNA and CD4+
cell counts.?1¢ In addition, prophylactic medications
are now being used routinely to prevent disseminat-
ed Mycobacterinm avium complex infection.

Several reports have described reductions in mor-
tality and in the rate of hospitalization of HIV-
infected patients; however, such reductions have not
been clearly related to specific therapeutic regi-
mens.}72l We analyzed data collected over 42 months
in the HIV Outpatient Study. During this period,
rates of chemoprophylaxis against opportunistic in-
fection remained relatively constant even while pat-
terns of antiretroviral therapy were changing. This
report outlines the changes in death rates and the
incidence of opportunistic infections in a large group
of HIV-infected outpatients, many of whom had
previously received extensive treatment.
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*The investigators participating in the HIV Outpatient Study are listed
in the Appendix.
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METHODS
The HIV Outpatient Study

The ongoing HIV Outpatient Study, into which patients are
continuously recruited, collects summaries of physician—patient
interactions and data on the course of disease for more than 3500
HIV-infected, nonhospitalized patients who have been seen at a
total of approximately 47,000 outpatient visits since 1992. The
present analysis includes data on patients seen from January 1994
through June 1997. The study sites are nine clinics (seven private
and two public) in eight U.S. cities (Portland, Oreg.; Tampa, Fla.;
Oakland, Calif.; Washington, D.C.; Chicago; Stony Brook, N.Y.;
Atlanta; and Denver) that provide care for at least 150 HIV-
infected patients each per year. The participating physicians rou-
tinely care for hundreds of HIV-infected patients and thus have
extensive experience with HIV.22

Information in five general categories has been abstracted from
the chart for each outpatient visit and entered electronically by
trained data abstracters; the data are compiled centrally, reviewed,
and corrected before being included in the data base. Because the
study physicians are the source of primary care for these patients,
all symptoms, diagnoses, and treatments since the previous visit,
including interim changes in treatment in any setting, are noted
at each clinic visit. The categories of information abstracted are
as follows: demographic characteristics and risk factors for HIV
infection; symptoms; diagnosed diseases (both definitive and pre-
sumptive diagnoses); medications prescribed, including the dose
and duration; and laboratory values, including CD4+ cell counts
and measurements of plasma HIV RNA.

Patients

Twelve hundred fifty-five study participants who had ever had
a CD4+ cell count below 100 per cubic millimeter were the fo-
cus of this analysis, since our goal was to evaluate morbidity and
mortality among the persons at greatest risk for illness or death.
For 71 percent of the patients, the first CD4+ cell count of less
than 100 per cubic millimeter was noted within six months before
enrollment or thereafter. For the remaining 29 percent, a CD4+
cell count below 100 per cubic millimeter was documented more
than six months before study entry; for these patients, the date
of the initial study visit marked the beginning of follow-up. Pa-
tients whose CD4+ cell counts later rebounded to 100 per cubic
millimeter or higher remained in the analysis.

Data from clinic visits were used to calculate the number of
days of observation per quarter for each patient in each of four
categories of prescribed antiretroviral therapy. These categories,
in increasing order of intensity, were no antiretroviral therapy,
monotherapy, combination therapy without a protease inhibitor,
and combination therapy that included a protease inhibitor. To
ensure that mortality rates were based on patients who received
therapy for an adequate time, patients were not included in cal-
culations of follow-up time or events for the first 30 days after any
change in therapy. Only deaths that occurred within 90 days after
a clinic visit were counted. Patients not seen since March 1997
contributed person-years at risk for a maximum of 90 days after
their last study visit. Because enrollment continued during the
study period, data from some new patients were included in each
quarterly analysis.

Analysis of Outcomes

Data were analyzed with SAS software (version 6.11; SAS Insti-
tute, Cary, N.C.). Morbidity (i.e., opportunistic infections) and
mortality were compared for the antiretroviral-therapy categories,
adjusted for chemoprophylaxis against opportunistic infection
and demographic factors (sex, age, race or ethnic group, and risk
factors for HIV infection [men who have sex with men, injection-
drug use, heterosexual sex, and other]), CD4+ count at the first
study visit, and method of payment (i.c., insurance status). After
stratifying the data according to antiretroviral-therapy category
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and calendar quarter, we fitted Poisson failure-rate models to the
data, using the SAS Lifereg procedure. The models assume the
hazard is constant throughout each quarter but allow it to vary
between quarters. Rates of mortality and morbidity calculated in
this way are equivalent to tabulations of the number of deaths (or
events) that occurred in each quarter divided by the number of
person-years of observation during that quarter. Death rates per
100 person-years were calculated by totaling the number of per-
son-days of observation in a specified period. Deaths among ob-
served patients were counted, and observation time was standard-
ized to 100 person-years.

Acquired immunodeficiency syndrome (AIDS)-defining op-
portunistic infections were analyzed in the aggregate; in addition,
separate analyses were performed for Prenmocystis carinii pneu-
monia, M. avium complex infection, and cytomegalovirus reti-
nitis. Patients with a diagnosis of cytomegalovirus retinitis or
M. avium complex disease before study entry or during the first
30 days of follow-up and patients with active P. carinii pneumo-
nia at the beginning of follow-up were excluded from the analyses
of the incidence of that opportunistic infection.

Statistical Analysis

The possible effect of demographic variables on changes in
rates of morbidity and mortality was examined. The distributions
of patients according to age, race or ethnic group, sex, and risk
factors for HIV infection were examined in each of the 42
months of observation to determine whether the study popula-
tion had changed over the study period. These demographic var-
iables, the study center, the first recorded CD4+ cell count (cat-
egorized as 0 to 49, 50 to 99, or =100 per cubic millimeter), and
whether the patient received chemoprophylaxis against M. avium
complex and P, carinii were included with the antiretroviral-ther-
apy category as main effects in the failure-rate model of morbidity
and mortality in order to determine whether temporal trends
were the result of shifts in the composition of the study popula-
tion or shifts in the pattern of prophylaxis. Finally, the consistency
of the effect of treatment on mortality and morbidity over time
was tested by comparing a failure-rate model with separate treat-
ment effects for each quarter with a failure-rate model in which
treatment effects were assumed to be constant over time. Statis-
tically nonsignificant effects of the calendar quarter were excluded
from the final model, resulting in a Poisson model that assumed
a constant effect of treatment over the 42-month observation pe-
riod. Results are reported as relative risks of death or morbidity
(defined as P. carinii pneumonia, M. avium complex infection,
or cytomegalovirus retinitis), with associated 95 percent confi-
dence intervals.

The primary source of payment for medical care was docu-
mented for each patient and categorized as private insurance (in-
cluding fee-for-service care, health maintenance organizations,
and preferred-provider organizations), Medicare, Medicaid, self-
payment, or prescription programs under the Ryan White Care
Act. Mortality and rates of prescription of protease inhibitors per
100 person-years of observation in each quarter were analyzed ac-
cording to the source of payment.

RESULTS
Demographic Characteristics

Our analyses include data on 1255 HIV-1-infect-
ed persons with at least one CD4+ cell count below
100 per cubic millimeter who were among the more
than 3500 HIV-infected patients seen as part of the
HIV Outpatient Study during the period of analysis
(January 1994 through June 1997). About 80 per-
cent were 30 to 49 years of age, and the age distri-
bution did not shift during the period of analysis.
We observed nonsignificant trends toward increasing
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numbers of blacks, Hispanics, and women (making
up 20 percent, 9 percent, and 12 percent, respec-
tively, of the total by June 1997) and decreasing
proportions of men who reported same-sex sexual
activity (accounting for 65 percent of those seen by
June 1997). The proportion of patients who report-
ed injection-drug use (about 14 percent) did not
change significantly over time.

The proportion of persons whose initial CD4+
cell count at study entry was less than 50 per cubic
millimeter decreased slightly (it was 55 percent in
1994, 51 percent in 1995, 44 percent in 1996, and
42 percent in 1997). The proportion of patients
whose most recent CD4+ cell count was less than
50 per cubic millimeter diminished significantly (from
67 percent in 1994 to 57 percent in 1995, 43 per-
cent in 1996, and 29 percent in 1997).

Use of Antiretroviral Agents

During the study, the pattern of antiretroviral
therapy changed dramatically among patients with
CD4+ cell counts below 100 per cubic millimeter.
The proportion of patients for whom any antiretro-
viral therapy was prescribed increased, from 72 per-
cent of patients in 1994 to 95 percent by June 1997,
with marked increases in the prescription of combi-
nation regimens (from 25 percent in 1994 to 94
percent by June 1997). The most dramatic increases
were in the rate of use of regimens containing pro-
tease inhibitors, from 2 percent in mid-1995 to 82
percent by June 1997. The use of combinations in-
corporating protease inhibitors diftered little accord-
ing to patients’ demographic characteristics, although
the study sites varied widely in their rates of use of
protease inhibitors. In the first quarter of 1996, site-
specific rates of protease-inhibitor use ranged from
6 percent to 71 percent; by the second quarter of
1997, the rates ranged from 40 percent to 95 per-
cent. Publicly funded clinics were slower to use pro-
tease inhibitors; however, the proportional increases
in use were similar among all sites.

Mortality

Mortality declined markedly in 1996 and early
1997, after remaining constant during 1994 and
1995. Death rates decreased from 29.4 per 100 per-
son-years in 1995 to 16.7 per 100 person-years in
1996 and to 8.8 per 100 by the second quarter of
1997 (Table 1 and Fig. 1).

Patterns of reduction in death rates among men
and women, white and nonwhite persons, and per-
sons <40 or above 40 years of age were similar and
declined in the same way during the 14 quarters of
observation. Although mortality decreased propor-
tionally among injection-drug users, they had con-
sistently higher mortality rates than patients who did
not report a history of injection-drug use. Although
mortality and morbidity differed among the study

sites, declines in both rates were noted at all clinics.
The rate of use of prophylaxis against opportunistic
infections was consistent during the 42 months of
observation: the proportion of patients receiving
prophylaxis against M. avium complex ranged from
46 percent to 55 percent; the rate of prophylaxis
against P. carinii ranged from 92 to 94 percent.
Death rates among persons receiving these types of
chemoprophylaxis were evaluated; the patterns of
decreasing mortality were similar to those in the
study group as a whole.

Death rates are shown according to antiretroviral-
therapy category in Table 1. Death rates declined in
virtually every quarter, correlating inversely with the
intensity of the antiretroviral therapy prescribed
(Fig. 1), and declined most dramatically during the
last six quarters covered by the analysis (Table 1).

Differences among the patients in sex, age, race or
ethnic group, or risk category did not explain the
observed temporal trend in mortality or morbidity
when these factors were included in the preliminary
failure-rate model. The inclusion of the use of chemo-
prophylaxis against opportunistic infections in the
model also did not explain the trend; however, both
the initial CD4+ cell count and the study site were
significant (P<<0.01) and were therefore retained in
the model.

When the effect of treatment was included in the
failure-rate model used to evaluate mortality, the ef-
fect of the calendar quarter of observation was not
significant (P=0.49). The interaction of treatment
with quarter was also not significant (P>0.34).
Comparisons of mortality in different antiretroviral-
therapy categories within this model (Table 2) re-
vealed that for each increase in the intensity of anti-
retroviral therapy, there was a significant additional
benefit in terms of lower mortality. Notably, mortal-
ity among patients receiving combination regimens
that did not include protease inhibitors was 1.5
times that among patients receiving combination
regimens that included a protease inhibitor.

Mortality rates are shown according to patients’
primary source of payment for medical services in
Table 3. The patients whose care was funded under
the Ryan White Care Act prescription programs and
those who paid for their own care together made up
about 10 percent of the total population and had
mortality rates similar to those for patients who were
receiving Medicare. Although mortality declined over-
all among patients covered by Medicaid and those
who were privately insured, the death rates for pa-
tients insured by Medicaid were higher than the
rates in the overall study population in all but two
quarters. In 1995, mortality among those covered
by Medicaid was 46.9 per 100 person-years; among
those with private insurance, it was 24.4 per 100
person-years (data not shown). Patients with private
insurance were consistently more likely to receive a
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