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Summary: The AIDS surveillance system maintained by the Centers for Dis-
ease Control and Prevention (CDC) provides a unique data base for estimating
survival after a diagnosis of AIDS for the general AIDS population in the
United States. Because patients enrolled in most AIDS clinical trial studies
receive unusual medical care that may not be available to the general public
and typically have relatively longer survival time, estimates obtained from
these studies may not be of direct use in assessing the national health-care
needs. Furthermore, such studies are usually of short duration and may not be
very informative for long-term health-policy planning. We present survival
estimates obtained from the CDC surveillance data for the adult/adolescent
AIDS population in the United States and compare their survival and trend in
survival on gender, sexual behavior, and injection-drug use status. These es-
timates provide information for mortality risk after an AIDS diagnosis over a
period of 8 years and for trend of survival during the period between 1983 and
1991. Key Words: CDC surveillance—Homosexual males—Injection drug
use—Pneumocystis carinii pneumonia—Proportional hazards—Survival

analysis.

Long-term health care and policy planning for
AIDS require estimates of risk of mortality. Inpa-
tient and clinical trial studies (e.g., 1,2) are ex-
tremely important for medical and clinical research,
but are probably less so for health departments be-
cause patients in these studies receive unusual med-
ical care that may not be available to the general
public and they tend to survive longer (e.g., 3). The
AIDS surveillance system maintained by the Cen-
ters for Disease Control and Prevention (CDC) on
the other hand provides a data source that reflects
the general situation of the AIDS population in the
United States. There are also several other features
of the CDC data base that are not seen elsewhere.
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First, data from the CDC are collected almost over
the entire history of the AIDS epidemic. Survival
estimates can then be obtained to reflect temporal
trend over the years. Second, this is the only data
base that is close to covering the entire AIDS pop-
ulation in the United States. Survival differences of
epidemiologic interest can be examined at the na-
tional level.

Because of the useful information contained in
the CDC AIDS surveillance system, it has long
been a goal to utilize this data base for estimating
the risk of mortality for patients with AIDS (e.g.,
4-7). However, due to various analysis difficulties,
estimates from these earlier analyses are either se-
verely biased (e.g., 4) or confined to a particular
group of AIDS patients that may not be represen-
tative of the AIDS population in general (5-7). In
this article, we present estimates of survival for the
adult/adolescent AIDS population in the United
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States. These estimates are obtained from the
deaths reported to the CDC surveillance system by
utilizing some recent development in statistical
methodology. They provide information for the risk
of mortality over the first 8 years after an AIDS
diagnosis and for the trend of survival during the
period between 1983 and 1991. These estimates may
be used to serve as a basis for estimating other sta-
tistics of epidemiologic interest such as AIDS prev-
alence (3).

DATA SOURCE AND STUDY POPULATION

The estimates presented here are based on the deaths of the
adult/adolescent AIDS population (a few transfusion-related
AIDS cases were not included) in the United States reported to
the CDC as of July 1991, with an AIDS diagnosis between the
first quarter of 1983 and the first quarter of 1991. Because of
severe underreporting, deaths with AIDS diagnosed in the sec-
ond quarter of 1991 were excluded. In addition to separating the
male and female subpopulations in the analysis, the cases were
further divided on the basis of different modes of exposure to
HIV as well as different manifestations of AIDS (the mode of
exposure indicated in the data base was used for patients with
multiple risk exposures). For the male subpopulation, four major
risk groups were considered on the basis of their sexual behavior
and injecting drug (ID) use status: men who have sex with men
(including bisexual contact) with ID use (6,329 deaths) and non-
ID use (60,530), denoted IDMSM and MSM, respectively; and
heterosexual men with ID use (14,533) and non-ID use (847),
denoted IDMSW and MSW, respectively. The female subpopu-
lation was divided into two subgroups: one with ID use (4,139)
and one without ID use (2,427), denoted by IDWSM and WSM,
respectively.

Within each of these risk groups, three diagnosis strata were
defined in the following order: Pneumocystis carinii pneumonia
(PCP), disease manifestations other than PCP and Kaposi's sar-
coma (OTH), and Kaposi’s sarcoma (KS). Note that both defin-
itive and presumptive diagnoses were used in creating the strata
and a similar classification scheme was also used by Lemp et al.
(6). Individuals with multiple diagnoses were classified according
to the highest ranked stratum. For example, individuals diag-
nosed with PCP and other opportunistic infection(s) were clas-
sified into the PCP category, those diagnosed with other oppor-
tunistic infection(s) and KS were classified into the OTH cate-
gory, etc. Thus, under this classification scheme, a patient in the
PCP category only indicates that the patient had PCP as one of
the diagnoses, which may not have been the first one diagnosed.
Note that to minimize the influence of the change of definition,
patients with a disease added to the case definition in 1987 (ba-
sically wasting, dementia. and disseminated TB: see ref. 8) were
excluded from the analysis.

METHODS

Analysis of survival time based on the CDC AIDS surveillance
data is complicated by the fact that not all deaths are reported.
Unlike the studies in Harris (5) and Lemp et al. (6.7). where

patients had been closely followed up for vital information such
as death, there is a sizable fraction of reported AIDS patients
whose deaths will never be reported to CDC. As a result, anal-
ysis based on reported AIDS cases in the CDC data base using
their approach leads to severe upward bias (see Discussion). One
way to avoid this problem is to condition the analysis on the
deaths reported to the CDC surveillance system. This approach
requires several statistical considerations, among which a basic
problem is to adjust the underreporting of deaths caused by de-
lays in reporting. By utilizing the information on death reporting
recently added to the CDC surveillance data base, methods for
proper survival analysis under this approach have been recently
developed (9) by using the EM algorithm (10) and multiple im-
putation (11). They provide the methodologic basis for the esti-
mates presented here.

Prior to the analysis, the times of the observed events of in-
terest (AIDS diagnosis, death, reporting of death) were grouped
into intervals of a quarter of a year. This discretization scheme
was used because both death and reporting of death were given
in calendar quarters (8).

The statistical model used in modeling survival is the discrete
proportional hazards model with the probability mass function
given by

fUla) = Po - - - )P - pjcxp(zTB)) if0 <
IR o+ - .p_,_])eXp{zTB} ifj =

Here, fijlz) is the probability that a death occurs during quarter j
after an AIDS diagnosis, with j = 0 denoting the quarter of death
being the same as the quarter of diagnosis: z denotes a covariate
vector that can consist of ordinal variables for time of AIDS
diagnosis, indicators for risk categories, etc.; p, (0 sj < J —1)
and B is a vector of unknown parameters. This model was chosen
in preference to several other alternatives mainly because it pro-
vides a similar interpretation of model parameters as the contin-
uous proportional hazards model, which is widely used in epi-
demiologic studies. Like the continuous proportional hazards
model, the hazard h(s|z) here is also approximately ‘‘propor-
tional™’:

h(jlz) =~ expla;, + z"B},

where a; = log[ —log(p,)] is a constant. A consideration in choos-
ing the discrete model as opposed to the continuous one in the
current context is the stability of the estimators in such models
when used to analyze data with numerous ties (as in this dataset).
The reporting delay distributions were also modeled using the
discrete proportional hazards model with covariates accommo-
dating both the temporal trend over the time of death and vari-
ation among the five geographic regions consisting of metropol-
itan statistical areas with population at least 1 million: Northeast,
Central, West, South, Mid-Atlantic, and a residual category that
consists of areas with population <1 million. All deaths from the
population considered that occurred between January 1986 and
March 1991 were included in the analysis. The missing dates of
death reporting for cases diagnosed before October 1987 were
treated left-censored in the analysis using the EM algorithm.
To use these estimates for correcting for the underreporting of
deaths in survival analysis, we assume that the number of deaths
not reported within S years is negligible. We checked this as-
sumption against the data and found it to be very reasonable. The
survival distributions were estimated by adjusting the reported
deaths for underreporting using the estimates of the reporting
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delay distributions. Multiple imputation was used to incorporate
both the sampling variation and variation in the estimates of the
delay distributions (9).

RESULTS

Plotted in Figs. 1 to 3 are the estimated survival
distributions for the various risk groups obtained
using the discrete proportional hazards model with
no time trend, which correspond to the survival dis-
tributions averaged over the period between 1983
and 1991. These distributions reflect survival over a
period of 8 years following diagnosis. In all cases,
the ID groups show a relatively shorter survival
time than the non-ID risk groups. For PCP cases,
Fig. 1 shows that MSM have the longest survival
(survival median is ~15 months for non-ID and ~12
months for ID users), and the male heterosexuals
have a similar survival distribution as the female
heterosexual population (survival median is about
12 months for non-ID and 9 months for ID users).
Inspection of the survival curves in Fig. 2 indicates
that there is not much difference in survival among
MSM, male heterosexuals, and female heterosexu-
als in this disease category (after controlling for ID
drug use status): the survival medians are ~9
months for the non-ID and ~7 months for the ID
users. As shown in Fig. 3, the survival median for
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MSM with KS is about 15 months. Note that other
risk groups in this category were not included be-
cause of the small numbers of such cases. The sur-
vival estimates in Figs. 1-3 seem to be a little lower
than those reported in Harris (5), in Lemp et al. (6)
and in Friedland et al. (2) for the corresponding risk
groups. The difference may well be due to the se-
lection bias when confined to the cohorts in these
studies. The dip at the end of the third month for
PCP (Fig. 1), which was also observed in Harris (5)
and in Friedland et al. (2), seems to suggest that
patients with PCP as one of the diagnoses might be
at a relatively high risk during the first 3-month pe-
riod following diagnosis.

The survival trend for each disease and risk-
group category was examined by fitting the model
with a covariate coded 1-9, designating the year of
diagnosis between 1983 and 1991. Most of the
groups considered show some improvement in sur-
vival during this period. However, at the 1% level,
significant improvement in survival is only confined
to the MSM population: ~13% annual reduction
rate in mortality for both ID and non-ID users with
PCP and ~7% annual reduction rate for non-ID
with OTH in this population (all with p values of
<0.00001).

Plotted in Fig. 4 are the quartiles and medians of
the three survival distributions that show significant

Years after AIDS diagnosis
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FIG. 1. Survival distributions (solid curves for in-
jection and dashed curves for non-injection drug
use) and 95% confidence intervals (vertical bars)
for Pneumocystis carinii pneumonia. A: IDMSM vs
non-IDMSM. B: IDMSW vs. non-IDMSW. C: IDWSM
vs. non-IDWSM.
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Years after AIDS diagnosis

improvement in survival between 1983 and 1991. In
particular, the survival medians for the non-ID
MSM with PCP averaged over the periods between
1983-1985, 1986-1987, and 1988-1990 are ~10,
~15, and ~21 months, respectively, which are
slightly lower than the medians of 10.3, 17.9, and 21
months reported for the PCP cases diagnosed in the
periods 1981-1985, 1986-1987, and 1988-1990 in the
San Francisco cohort (Lemp et al., 7). Note that
only the estimates for the non-1D users are compa-
rable to the estimates from the San Francisco study,
which may not be surprising because ~85% of the

0 1 2 3 4 5
Yoars after AIDS diagnosis

FIG. 3. Survival distributions (solid curve for injection and
dashed one for noninjection drug use) and 95% confidence
intervals (vertical bars) for Kaposi's sarcoma for IDMSM vs.
non-IDMSM.

FIG. 2. Survival distributions (solid curves for in-
jection and dashed ones for noninjection drug use)
and 95% confidence intervals (vertical bars) for di-
agnosis other than Pneumocystis carinii pneumo-
nia and Kaposi’'s sarcoma. A: IDMSM vs. non-
IDMSM. B: IDMSW vs. non-IDMSW. C: IDWSM vs.
non-IDWSM.

population in the San Francisco study were non-ID
homosexual men. The survival medians for non-ID
MSM with OTH averaged over the periods 1983—
1985, 1986-1987, and 1988-1990 are ~7, 8 and 10
months, which are all lower than the average medi-
ans of 9, 10, and 13 months over the periods 1981-
1985, 1986-1987, and 1988-1990 for the same dis-
ease category reported in Lemp et al. (7). As noted
earlier, the difference between the estimates may be
attributed to the difference in survival between the
San Francisco cohort and the AIDS patients in gen-
eral.

Improvement of survival for PCP after 1987 has
been reported by short-term survival analysis (5,7).
To accentuate the difference in survival between
the two periods, we also fitted models with a binary
covariate (1 for diagnosis after 1987 and 0 other-
wise) to the PCP cases in the MSM risk group. The
estimated reduction rates in mortality after 1987 for
the ID and non-ID groups are, respectively, 28%
and 40%, which seem to be comparable to the 30%
found in the San Francisco study for patients taking
AZT (6,12) and some other clinical trial studies (1).
Based on these other studies, it has been hypothe-
sized that the improvement for PCP after 1987 was
partly due to the intervention of the antiviral ther-
apy AZT (5), though improvement of survival is
evident even before 1987, a fact that must also be
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part of any explanation that attributes the improve-
ment to some key event that occurred in 1987
(13,14). Note that the reduction in mortality for
non-ID users seems to be slightly higher than that
reported by the San Francisco study, which might
suggest that the improvement of survival for the
PCP cases could also be attributed to other treat-
ments such as trimethoprim-sulfamethoxazole or
aerosolized pentamidine that have been found to be
successful when given prophylactically in prevent-
ing recurrence of PCP (15,16). Of course, because
of the observational nature of the surveillance data,
the estimates presented here do not provide confir-
matory evidence for these hypotheses.

DISCUSSION

The estimates reported here reflect survival after
a diagnosis of AIDS, not after a contraction of
AIDS. These survival estimates are probably more
relevant when the surveillance data base is used for
the purposes of assessing health-care needs and
long-term policy planning, though they may not
provide much information for some biologic issues
such as the timing of intervention of a treatment.

In the analysis, deaths occurring within the same
quarter as diagnosis were treated as having survival
times of <3 months. However, a proportion of
these individuals may represent a delayed diagnosis
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FIG. 4. The 25th, 50th, and 75th percentiles of the
" survival distributions for the three groups that
show significant increase in survival. A: IDMSM
with PCP. B: MSM with PCP. C: MSM with diagno-
sis other than PCP or KS.

of AIDS (perhaps even at death) rather than rapid
progression of disease (12). This may be especially
true for the MSW, who showed a slight decline in
survival between 1983 and 1991 (the p values for the
various disease categories are in the range of 0.7). It
is difficult or even impossible to identify these in-
dividuals from the surveillance data. As an attempt
to investigate this possible bias, we refitted the
models to the MSW after deleting the deaths that
occurred within the same quarter as diagnosis, and
there was very little change in the estimates.

We also examined the deaths that occurred be-
fore 1984 and found that there was <1% of them
who survived for 8 years. In light of this and results
from other AIDS surveillance data and AIDS clin-
ical trials studies, we think that it would be rare for
an individual to survive for >8 years after an AIDS
diagnosis. The estimates reported here therefore
provide good approximations to the survival distri-
butions even though they are obtained by condition-
ing on death within 8 years.

The proportional hazards model fits reasonably
well to the data as assessed by the G? statistic (e.g.,
17). The p values calculated under this statistic for
the models fitted to the various risk groups vary
from 0.24 to 0.98. The assessment for linear trend
was based on the comparison between the models
with linear time trend and the ones with indicators
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for the year of diagnosis. For the risk groups that
exhibit significant time trend in survival, compari-
sons of goodness of fit using the G? statistic do not
seem to show much improvement for the models
with the indicators for the year of diagnosis.

It is quite possible that the change in definition of
AIDS by the CDC in 1987, which broadened the
case definition to include presumptive diagnosis of
several conditions, including PCP (8), early diagno-
sis, overall improvement of medical care and treat-
ment, etc., could all affect the estimates. The re-
sults presented suggest that any explanations must
accommodate a differential effect on the risk
groups, because significant improvement in sur-
vival is not observed for the heterosexual popula-
tion.

The survival estimates presented here are based
on reported deaths rather than on reported AIDS
cases using standard survival methodology as in
several other analyses (5,6). Unlike these other
studies where patients had been closely followed up
after an AIDS diagnosis, there is a sizable fraction
of deaths in the CDC data that will never be re-
ported. Thus, the standard approach is not appro-
priate for analyzing the CDC data. Simply censor-
ing reported AIDS cases with no death certificates
at the time of analysis will cause severe bias. Figure
S shows the comparison between the two ap-
proaches; the upper two survival curves are based
on reported AIDS cases with death censored at two
different times, and the bottom one, which is the
same curve in Figure 3 for the same risk group, is
based on reported deaths. The survival curves
based on the reported AIDS cases show that 15-

FIG. 5. Survival distributions and 95% confidence intervals
(vertical bars) for the MSM risk group with Pneumocystis
carinii pneumonia based on reported AIDS cases with death
censored at the time of analysis, July 1991 (upper curve);
reported AIDS cases with death censored after June 1990
(middle curve); and reported deaths (bottom curve).
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18% of PCP cases would still be alive at the end of
5 years, a survival rate that is much higher for PCP
than those reported by most studies (2,6). This ex-
ample explains the upward bias in the estimates re-
ported by Rothenberg et al. (4) that was first recog-
nized by Lemp et al. (6). Note that censoring death
1 year prior to the time of analysis produced a less
biased estimate. However, such estimates from re-
ported AIDS cases are always biased unless we
have knowledge to separate the unreported deaths
from those who were still alive at the time of anal-
ysis.
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