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Abstract
Background—Excess mortality has declined among HIV infected patients but without evidence
of a decline in patients with AIDS. We assessed temporal changes in excess mortality and
elucidated risk factors for excess mortality in patients with AIDS diagnosed in the era of highly
active antiretroviral therapy (HAART).

Methods—We included 1,188 patients of the Longitudinal Study of Ocular Complications in
AIDS who were between 25-64 years old at enrollment and diagnosed with AIDS after 1995. We
calculated excess mortality as the age-, year- and sex-adjusted difference in mortality rates
between patients with AIDS and persons in the US general population, between 1999 and 2007,
and used a relative survival model to identify risk factors for excess mortality.

Results—There were an average of 50 excess deaths (95% CI 44-57) per 1,000 person years
between 1999 and 2007. Excess mortality almost halved with an annual decline of 8.0% per year
(3.0-12.7 p=0.002) but remained high at 36 excess deaths per 1,000 person years in 2007. Viral
load >400 vs. ≤400 copies/mL (risk ratio 3.4 [2.3-5.0]), CD4+ count <200 vs. ≥200 cells/μL (2.7
[1.9-3.9]) and cytomegalovirus retinitis (1.6 [1.2-2.1]) were the strongest risk factors for excess
mortality.

Conclusions—Excess mortality among patients with AIDS was nearly halved in the HAART
era and most strongly linked to stage of HIV disease. These results reflect the continuing
improvements in AIDS management but also highlight that excess mortality remains about five
times higher in patients with AIDS than in patients with HIV-infection but no AIDS.

Keywords
AIDS; mortality; Highly Active Antiretroviral Therapy; Cohort Studies

Correspondence and reprint requests to: Milo A. Puhan, Department of Epidemiology, Johns Hopkins Bloomberg School of Public
Health, 615 North Wolfe Street, Mail room 5010, Baltimore, MD 21205 USA, phone: 443-287-8777; fax: 410-502-4621,
mpuhan@jhsph.edu.
Potential conflicts of interest: All authors: no conflicts.

NIH Public Access
Author Manuscript
Clin Infect Dis. Author manuscript; available in PMC 2011 October 15.

Published in final edited form as:
Clin Infect Dis. 2010 October 15; 51(8): 947–956. doi:10.1086/656415.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
A recent analysis from the CASCADE HIV cohorts (Concerted Action on Seroconversion to
AIDS and Death in Europe) reported that excess mortality among HIV-infected persons has
decreased dramatically since the introduction of highly active antiretroviral therapy
(HAART).(1) Excess mortality, defined as deaths occurring in excess of the rate observed in
the general population, declined from 41 per 1,000 person years in the pre-HAART era to
only 6 per 1,000 person years in the years 2004 to 2006. The continued reduction in excess
mortality paralleled the uptake of HAART as first line treatment.

Comparing mortality rates among HIV-infected patients to rates in the general population
provides a natural reference point that indicates the impact of HIV infection upon survival at
a population level and is an index of the effectiveness of antiretroviral treatment.(1-7) In
addition, such comparisons may offer insights into factors that could explain the observed
variability in excess mortality rates encountered among HIV-infected patients. Accounting
for such variability can help formulate strategies on how to optimize HIV care.

Although HAART use has dramatically decreased death rates among persons with AIDS(6)
it is unknown to what extent HAART-related decreases in excess mortality observed among
HIV-infected persons exist among patients with AIDS. .. Also, although the recent analysis
of the CASCADE cohorts was based on a large number of patients, covariates evaluated to
assess the risks for excess mortality included age at seroconversion, sex and HIV exposure
category only. Other, potentially more important correlates of mortality such as CD4+ T-cell
count, cytomegalovirus (CMV) retinitis or quantitative plasma HIV RNA level (viral load)
have not been explored. The Longitudinal Study of Ocular Complications in AIDS
(LSOCA), funded by the National Eye Institute, is one of a few cohort studies limited to
persons diagnosed with AIDS but without further exclusions.(8, 9) Our aims here are to
assess the extent of decline in excess mortality over time and, to elucidate risk factors for
excess mortality among patients participating in LSOCA who have been diagnosed with
AIDS in the HAART era compared to persons in the general United States population.

Methods
LSOCA is a prospective observational study of patients with AIDS, who were at least 13
years of age at enrollment.(8, 9) Enrollees have AIDS diagnosed according to the 1993
Centers for Disease Control and Prevention case surveillance definition of AIDS. Patients
with incident and prevalent AIDS are included. Since September 1998, recruitment has been
performed at 19 clinical centers across the United States, located in urban areas with sizable
HIV-infected populations. The study protocol was reviewed and approved by institutional
review boards at each of the participating clinics and the coordinating center. The study is
conducted in accordance with the principles of the Declaration of Helsinki. Adult patients
have given written informed consent. For adolescents, a Consent Statement has been signed
by parents or guardians and an Assent Statement signed by adolescents and their parents or
guardians.

At enrollment, all participants provide a medical history, including information on AIDS-
related illnesses and antiretroviral therapy, and undergo an ophthalmologic examination.
Laboratory tests performed at enrollment and follow-up include hematology, lymphocyte
subset analysis, and, in patients with a major ocular complication, serum chemistry. More
detailed information about the study protocol, data forms and the study handbook is
available on www.lsoca.com.

In this analysis, we included patients enrolled between January 1999 and December
2007who were diagnosed with AIDS during the HAART era (from January 1996 onwards).
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We did not consider the year 1998 in the analyses because recruitment had just started with
too few patients enrolled (n=9) to provide a meaningful comparison to the death rates of the
general population. We excluded the year 2008 from the analyses because of the yet
incomplete reporting of final death data to the data coordination center. We also excluded
patients younger than 25 (n=20) or older than 64 years of age (n=15) because a comparison
of these age groups, that would need further stratification into calendar year and sex, against
mortality rates of the general US population would be too imprecise. We decided against
merging patients in these age groups with other age groups because mortality rates can
change substantially from one 5-year category to the next (for example, 1,596 deaths per
100,000 persons for 60-64 year old males in 1999 versus 2479 in the 65-70 year old males).

Statistical analysis
The primary aim of the analysis was to assess declines in excess mortality in patients with
AIDS enrolled in the LSOCA cohort. In an additional analysis, we assessed patient
characteristics associated with excess mortality.

We defined excess mortality as the age-, year- and sex-adjusted difference in mortality rates
between patients with AIDS and persons in the US general population. In a first step we
calculated mortality rates for patients enrolled in LSOCA for each calendar year
(1999-2007) and compared them to mortality rates of the US population adjusting for
calendar year, age and sex. We retrieved the mortality rates of the US population from the
Vital Statistics report of the US Center for Disease Control and Prevention.
(http://www.cdc.gov/nchs/nvss.htm) For the years 2006 and 2007, for which mortality rates
have not yet been released we used multiple imputation (“ice” command of STATA) to
generate age- and sex-stratified mortality rates for 2006 and 2007. We based the multiple
imputation on age-adjusted death rates from the Vital Statistics reports 1999 to 2005 (for
men and women separately) and used weights to indicate that the death rate estimates are
based on a large number of observations. We generated 100 data sets and took the medians
as an estimate of the age- and sex-stratified mortality rates for 2006 and 2007.

Based on these mortality rates we compared, for each year of follow-up, the observed
mortality rates (in the LSOCA cohort) with the mortality rates of the general US population,
adjusting for age and sex. We considered matched individuals from the US population to be
at risk until the corresponding LSOCA patient died or was censored (Ederer II method (10,
11)). In order to quantify the average extent of decline in mortality rates per year, we used
Poisson regression analysis with the number of excess deaths as the dependent variable and
the calendar year as independent variable and reported the average annual decline in %. In
addition, we extracted the number of excess deaths, observation time and excess mortality
per 1,000 person years from the publication on excess mortality in the CASCADE cohort in
order to compare (declines in) excess mortality observed among AIDS (LSOCA cohort) and
overall HIV-infected patients (CASCADE cohorts).

We stratified the analysis for moderate to high and for low CD4+ count (≥ or < 200 cells/
μL) at enrollment, which reflects the long-term prognosis based on CD4+ counts. We
conducted a number of sensitivity analyses to further assess the association of CD4+ count
status (≥ or < 200 cells/μL) and change of excess mortality over time. First, we repeated the
analysis excluding the years 1999 and 2000 because of the low number of enrollees in these
years. Second, we considered CD4+ counts of individual patients for each year of
observation following enrollment (no time lag between CD4+ measurement and year of
observation) because CD4+ counts vary within individuals over time (with and without
HAART). This analysis reflects the immediate association between CD4+ counts and
mortality. Third, we also considered 2- and 4-year lags between CD4+ measurements and
year of observation. Finally, we also planned to stratify the analysis for nadir CD4+ count

Puhan et al. Page 3

Clin Infect Dis. Author manuscript; available in PMC 2011 October 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.cdc.gov/nchs/nvss.htm


before enrollment into LSOCA but the number of patients with nadir CD4+ count ≥200
cells/mm3 was too low to provide a meaningful analysis.

To assess the association of potential risk factors with excess mortality we used a Poisson
regression model while offsetting the expected deaths, which adjusts for the mortality
observed in the general population (background mortality).(11, 12) The model provides
estimates of excess risk ratios, where the interpretation is similar to that of the risk ratio. The
risk factors included age, sex, race (white, black, other), type of HIV exposure (men having
sex with men, injection drug use, other), CD4+ cell count at enrollment into LSOCA
(categorized into CD4+ of <200, 200-499 and ≥500 cells/μL), nadir CD4+ cell count
(categorized into CD4+ of <100 and ≥100 cells/μL), plasma HIV RNA (viral load) level at
enrollment (categorized into<400 and ≥400 copies/mL), CMV retinitis, time since AIDS
diagnosis and calendar year of enrollment. To include all eligible patients in the analyses,
we assumed that viral load was above 400 (copies/mL) in the 64 patients (5.4%) with
missing data at study enrollment. We had complete data for the other variables. All analyses
were conducted using STATA (STATA™ for Windows, version 10.1, Stata Corp; College
Station, TX).

Results
As of 31 December 2008, there were 2,221 patients enrolled into LSOCA. We included
1,188 patients in the present analysis who were diagnosed with AIDS in the HAART era and
enrolled into LSOCA between January 1999 and December 2007. We excluded patients
with a diagnosis of AIDS before 1996 (n=863), enrollment in 1998 (n=9) or in 2008 (n=90),
patients with a missing date of AIDS diagnosis (n=36), patients below 25 (n=20) or above
64 (n=15) years of age.

Patients were predominantly male (76.2%), of non-hispanic white (38.9%) or black ethnicity
(41.4%), and diagnosed with AIDS more than a year before enrollment into LSOCA (61.6%,
Table 1). There was a wide distribution of CD4+ cell counts and HIV RNA (viral load)
levels and 19.6% of patients had CMV retinitis. Overall, 81.6% of patients received HAART
and the proportions of patients who received HAART did not change over time; this was
true for both patients who died (70.0%) or were censored (85.4%) between 1999 and 2008.

Decline in excess mortality in AIDS patients from 1999 to 2007
There were 293 (24.7%) patients who died, with an average duration of follow-up of 4.67
years (SD 3.07). Over the entire study period, the mortality rate was 53.5 per 1,000 patient
years (95% CI 47.7 to 60.0). The average excess mortality rate per year was 50.2 (95% CI
44.2 to 56.5) per 1000 person years. Excess mortality declined between 1999 and 2007 from
approximately 70 excess deaths per 1,000 person years in 1999 through 2001 to
approximately 40 excess deaths per 1,000 person years in 2006 and 2007 (Figure 1). Based
on a Poisson regression model the average annual decline was 8.0% (95% CI 3.0 to 12.7
p=0.002), Excess mortality in the CASCADE HIV cohorts averaged 9.1 excess deaths per
1,000 person years between 1999 and 2005, the average annual decline in excess mortality
in HIV patients enrolled in the CASCADE cohorts was 4.8% (95% CI 3.1 to 6.5, p<0.001).

For patients with low CD4+ cell count (<200 cells/ μL) the average excess mortality rate per
year was 74.0 (95% CI 64.5-84.4) per 1,000 person years and in patients with moderate to
high CD4+ counts (≥200 cells/ μL) it was 21.1 (95% CI 15.5 to 28.1) per 1,000 person years
(Figure 2). Excess mortality declined substantially in patients with low CD4+ cell count
between 1999 and 2007 (8.3% per year [95% CI 2.7 to 13.4], p=0.004) whereas there was no
decline in patients with moderate to high CD4+ cell counts (1.4% [95% CI -10.7 to 15.3],
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p=0.83). The interaction between CD4+ count status and year was not statistically
significant (p=0.16).

In the sensitivity analysis here we only considered the years 2001 to 2007, excess mortality
declined by 11.4% per year (8.3% [95% CI 4.8 to 17.5], p=0.001) in patients with low CD4+
cell count whereas there was no decline in patients with moderate to high CD4+ counts
(6.1% [95% CI -9.0 to 23.8], p=0.45). The interaction between CD4+ count status and year
was marginally significant (p=0.034). In additional sensitivity analyses where we considered
CD4+ count for each year of observation (no time lag between CD4+ measurement and year
of observation) and a 2- and 4-year lag we did not find statistically significant interactions
between CD4+ count status and year (p=0.24 for no time lag, p=0.68 for 2-year time lag and
p=0.18 for 4-year time lag) either that would indicate statistically significantly different
declines in excess mortality between patients with low and moderate to CD4+ count over
time.

Risk factors for excess mortality in AIDS patients
A high plasma HIV RNA (viral load,>400 copies/mL), and low CD4+ count (<200 cells/
μL) were the strongest independent factors (Table 2) in the relative survival model based on
Poisson regression and independently associated with an approximately 3-fold increased risk
for excess mortality (Table 2). Patients with CMV retinitis, no HAART, longer duration
since AIDS diagnosis and early enrollment into LSOCA were also at statistically
significantly higher risk for excess mortality. We did not find a statistically significant
association between sex, age, race and HIV exposure category with excess mortality.

The number of excess deaths per 1,000 person years varied greatly depending upon the
presence of the three strongest risk factors for increased excess mortality (plasma HIV RNA
(viral load) >400 copies/mL, CD4+ cell count <200/μL and CMV retinitis, Table 3). For
example, patients with none of these risks experienced 8 excess deaths per 1,000 person
years (95% CI 5-16), versus 128 (95% CI 82-201) excess deaths per 1000 person years in
patients with all three risk factors.

Discussion
Among persons who initiated HAART after having been diagnosed with AIDS, excess
mortality was nearly halved between 1999 and 2007 but remained high, with 36 excess
deaths per 1000 person years in 2007. Excess mortality was thus, on average, more than five
times higher than rates seen among HIV-infected patients in the CASCADE study.(1) The
mortality rates observed in LSOCA closely reflect those of the entire US AIDS population.
The Centers for Disease Control and Prevention (CDC) reported a mortality rate of 56.3 per
1,000 person years in 1999 with a decline to 30.0 per 1,000 person years in 2007
(www.cdc.gov/hiv/topics/surveillance/resources/reports). The extent of excess mortality was
linked to the presence of identifiable mortality risk factors. Calendar year, time since AIDS
diagnosis, higher plasma HIV RNA (viral load) levels, lower CD4+ cell counts and
diagnosis with CMV retinitis were each independent risk factors for excess mortality.
Depending on the presence of the latter three risks, the extent of excess mortality seen in
AIDS patients ranged from 8 extra deaths per 1,000 patient years (twice as many as
observed among all HIV-infected patients) to 128 extra deaths per 1,000 patient years, a
level 16 times that observed among all HIV-infected patients.(1)

Previous studies have demonstrated that HIV-related mortality rates have markedly declined
as a consequence of HAART introduction and prevalent use.(6, 7, 13) Results from
CASCADE further demonstrated that mortality rate declines were progressive through the
first decade of the HAART era despite stability in HAART use rates.(1) Potential reasons
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for continued declines in death rates include improvements in overall health care for HIV-
infected persons, earlier identification of HIV infection (making earlier HAART initiation
possible), trends toward earlier HAART use in general, more attention to patient adherence,
as well as improvements in the efficacy and tolerability of specific antiretroviral therapies
available. Our results suggest that, among patients with AIDS, the effects of improvements
in HAART management might be even more pronounced. The decline in excess mortality
that we observed is likely a consequence of progressive optimization of antiretroviral
management (for example, timing of therapy initiation, specific drug combinations used)
rather than an increased rate of HAART utilization overall; the proportion of patients
receiving HAART did not change between 1999 and 2007.

The stratified analyses suggested a possible association of CD4+ count and excess mortality.
Although this analysis was limited by the sample size and although the interaction between
CD4+ count and year was not statistically significant in neither the main nor in two
sensitivity analyses, it is remarkable that there was differential decline in excess mortality
depending on CD4+ counts. A possible explanation that needs more evidence that provide
by our study could be that further mortality reductions among patients with AIDS who had
higher CD4+ counts becoming increasingly difficult, even with the use of more effective
treatment, or is going to require substantially longer periods of follow-up.

The main limitation of our analysis was sample size. Our estimates of excess mortality
suffer from a lack of precision as do the analyses stratified for CD4+ count. Another
limitation of the present analyses is the focus on opportunistic infections of the eyes, which
may be overrepresented among all opportunistic infections in LSOCA patients. We did not
assess the (competing) risk of different opportunistic infections for excess mortality. There
is, however, very limited evidence on the prevalence of opportunistic infections and their
association with prognosis in AIDS patients from the USA. Furthermore, we did not explore
the influence of additional factors upon mortality such as use of specific types of HAART
because this was beyond the scope of this article. Finally, we focused on all-cause mortality
as do most excess mortality analyses, which informs public health on changes in mortality at
a population level and may serve as an index of the effectiveness of antiretroviral treatment.
However, mortality among HAART treated patients clearly may not only be due to AIDS-
related conditions, but also (and increasingly) is a consequence of co-morbid conditions (5,
18)

In conclusion, our study demonstrated that excess mortality among patients with AIDS was
nearly halved in the HAART era and most strongly linked to stage of HIV disease. These
results reflect the continuing improvements in AIDS management but also highlight that
excess mortality remains about five times higher than in patients with HIV-infection but no
AIDS.
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Figure 1. Decline in excess mortality between 1999 and 2007
The figure shows the decline in excess mortality in the LSOCA AIDS cohort and in the
CASCADE HIV cohorts between 1999 and 2007. The upper line in the graph shows the
number of excess deaths per 1,000 person years (solid rectangles) in patients with AIDS
enrolled in LSOCA and 95% confidence intervals. The dashed line represents the fitted line
based on a Poisson regression model. The annual decline in excess mortality averaged 8.0%
per year (95% CI 3.0 to 12.7, p=0.002). The lower line in the graph shows the number of
excess deaths per 1,000 person years (solid circles) in HIV patients enrolled in the
CASCADE cohorts and 95% confidence intervals. The dotted line represents the fitted line
based on a Poisson regression model. The annual decline in excess mortality averaged 4.8%
(95% CI 3.1 to 6.5, p<0.001).
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Figure 2. Decline in Excess Mortality Between 1999 and 2007, Stratified by CD4 Count at
Enrollment
The figure shows the decline in excess mortality in the LSOCA AIDS cohort stratified for
CD4+ count at study enrollment. The upper line in the graph shows the number of excess
deaths per 1,000 person years (solid circles) in patients with low CD4+ counts and 95%
confidence intervals. The dashed line represents the fitting line based on a Poisson
regression model, which showed an average annual decline in excess mortality of 8.3%
(95% CI 2.7 to 13.4, p=0.004). The lower line in the graph shows the number of excess
deaths per 1,000 person years (solid rectangles) in patients with moderate to high CD4+
counts at study enrollment and 95% confidence intervals. The dotted line represents the
fitting line based on a Poisson regression model. There was no change in excess mortality
(1.4%, 95% CI -10.7 to 15.3, p=0.83). The interaction between CD4+ count status and year
was not statistically significant (p=0.16).
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Table 1
Patient characteristics

Patient characteristics at enrollment Overall (n=1188) Vital status as of end of 2007

Alive (n=895) Dead (n=293)

Age groups, n (%)

 - 25-34 years 226 (19.0) 162 (18.1) 64 (21.8)

 - 35-44 years 538 (45.3) 404 (45.1) 134 (45.7)

 - 45-54 years 337 (28.4) 269 (30.1) 68 (23.2)

 - 55-64 years 87 (7.3) 60 (6.7) 27 (9.2)

Sex, n (%)

 - male 905 (76.2) 697 (77.9) 208 (71.0)

 - female 283 (23.8) 198 (22.1) 85 (29.0)

Race/Ethnicity, n (%)

 - White, non-Hispanic 462 (38.9) 357 (39.9) 105 (35.8)

 - Black, non-Hispanic 492 (41.4) 352 (49.3) 140 (47.8)

 - Hispanic 195 (16.4) 156 (17.4) 39 (13.3)

 - Other 39 (3.3) 30 (3.4) 9 (3.0)

Time since AIDS diagnosis

 - ≤ 1 year before enrollment into LSOCA (incident AIDS) 456 (38.4) 368 (41.1) 88 (30.0)

 - > 1 year before enrollment into LSOCA (prevalent AIDS) 732 (61.6) 527 (58.9) 205 (70.0)

Reason for AIDS diagnosis#

 - Clinical diagnosis 429 (37.7) 312 (36.6) 117 (40.9)

 - CD 4 count < 200 cells/μL 710 (62.3) 541 (63.4) 169 (59.1)

HIV-exposure category, n (%)

 - Men having sex with men 495 (41.7) 390 (43.6) 105 (35.8)

 - Injection drug use 86 (7.2) 60 (6.7) 26 (8.9)

 - Other 607 (51.1) 445 (49.7) 162 (55.3)

CD 4 T-cell count (cells/μL)

 - < 200 687 (57.8) 455 (50.8) 232 (79.2)

 - 200-499 375 (31.6) 330 (36.9) 45 (15.4)

 - ≥ 500 126 (10.6) 110 (12.3) 16 (5.5)

Nadir T-cell CD 4 count (cells/μL)

 - < 100 905 (76.2) 655 (73.2) 250 (85.3)

 - ≥ 100 283 (23.8) 240 (26.8) 43 (14.7)

HIV viral load at enrollment (copies/mL)

 - < 400 501 (42.2) 451 (50.4) 50 (17.1)

Cytomegalovirus retinitis, n (%) 233 (19.6) 156 (17.5) 77 (26.3)
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Patient characteristics at enrollment Overall (n=1188) Vital status as of end of 2007

Alive (n=895) Dead (n=293)

HAART treatment, n (%) 968 (81.6) 763 (85.4) 205 (70.0)

#
Available for 1139 patients
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Table 3
Excess deaths per 1000 person years (95% CI) for different risk profiles at enrollment

Patients with CD4+ T-cells ≥200 (copies/μL)

HIV viral load CMV retinitis No CMV retinitis

>400 44 (25-80) 26 (15-46)

≤400 14 (8-26) 8 (5-16)

Patients with CD4+ T-cells <200 (copies/μL)

HIV viral load CMV retinitis No CMV retinitis

>400 128 (82-201) 98 (64-150)

≤400 32 (18-55) 23 (13-39)

Adjusted for year, sex, age, race, exposure status, time since AIDS diagnosis, nadir CD4+ T-cell count and HAART treatment
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