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NUMBER OF STUDIES HAVE RE-
ported the dramatic de-
creases in mortality among
individuals infected with hu-
man immunodeficiency virus (HIV)
since the widespread introduction of
highly active antiretroviral therapy
(HAART) in industrialized coun-
tries.? It is important to provide up-
to-date and robust estimates of ex-
pected mortality as anti-HIV drugs and
strategies continue to improve. Such es-
timates help policy makers and those
planning health care to monitor the ef-
fectiveness of treatments at a popula-
tion level and provide an indicator of
the ongoing and likely future impact of
HIV disease on health care needs.
With mortality among HIV-infected
individuals decreasing to relatively low
levels compared with the pre-HAART
eraand with patients living to older ages,
itisalso of increasing interest to assess
how mortality rates of HIV-infected
individuals compare with those of the
general uninfected population, ie, the
“excess mortality.” Overall mortality
of HIV-infected individuals is likely to
be increasingly influenced by deaths that
would have occurred regardless of HIV

Context Mortality among human immunodeficiency virus (HIV)-infected individu-
als has decreased dramatically in countries with good access to treatment and may
now be close to mortality in the general uninfected population.

Objective To evaluate changes in the mortality gap between HIV-infected individu-
als and the general uninfected population.

Design, Setting, and Population Mortality following HIV seroconversion in a large
multinational collaboration of HIV seroconverter cohorts (CASCADE) was compared
with expected mortality, calculated by applying general population death rates matched
on demographic factors. A Poisson-based model adjusted for duration of infection was
constructed to assess changes over calendar time in the excess mortality among HIV-
infected individuals. Data pooled in September 2007 were analyzed in March 2008,
covering years at risk 1981-2006.

Main Outcome Measure Excess mortality among HIV-infected individuals com-
pared with that of the general uninfected population.

Results Of 16534 individuals with median duration of follow-up of 6.3 years (range,
1 day to 23.8 years), 2571 died, compared with 235 deaths expected in an equivalent
general population cohort. The excess mortality rate (per 1000 person-years) de-
creased from 40.8 (95% confidence interval [Cl], 38.5-43.0; 1275.9 excess deaths in
31302 person-years) before the introduction of highly active antiretroviral therapy
(pre-1996) to 6.1 (95% Cl, 4.8-7.4; 89.6 excess deaths in 14703 person-years) in
2004-2006 (adjusted excess hazard ratio, 0.05 [95% Cl, 0.03-0.09] for 2004-2006
vs pre-1996). By 2004-2006, no excess mortality was observed in the first 5 years fol-
lowing HIV seroconversion among those infected sexually, though a cumulative ex-
cess probability of death remained over the longer term (4.8% [95% Cl, 2.5%-8.6%]
in the first 10 years among those aged 15-24 years).

Conclusions Mortality rates for HIV-infected persons have become much closer to
general mortality rates since the introduction of highly active antiretroviral therapy. In
industrialized countries, persons infected sexually with HIV now appear to experience
mortality rates similar to those of the general population in the first 5 years following
infection, though a mortality excess remains as duration of HIV infection lengthens.
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studies of other diseases in which suc-
cessfully treated patients frequently live
for many years, such as Hodgkin dis-

infection, and mortality in the general
uninfected population provides a natu-
ral reference point for taking this into

account. This concept has been used in

ease* and thyroid® and other® cancers.
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A few studies have compared HIV-
infected and uninfected populations in
industrialized countries, reporting re-
ductions in the standardized mortal-
ity ratio in the early years of HAART
availability” and estimating a reduced
life expectancy of 17 years for HIV-
infected individuals compared with that
of the uninfected population.® Two fur-
ther studies specifically considering
those with a good initial response to
treatment found an increased mortal-
ity risk, even in this subgroup.®'°

These studies have not been able to
adjust for duration of HIV infection,
which is a key factor influencing mor-
tality risk and could confound other re-
lationships. Using a large data set of in-
dividuals with well-estimated HIV
seroconversion dates—thus avoiding
biases that can occur when duration of
infection is unknown'!'—we aimed to
evaluate changes over calendar time in
the excess mortality of HIV-infected in-
dividuals compared with expected mor-
tality in the general uninfected popu-
lation, adjusting for duration of HIV
infection. We further aimed to assess
changes over calendar time in the ef-
fects of prognostic factors and in the
overall and excess probability of death
at various stages of HIV infection. We
also report corresponding changes over
time in the uptake and use of HAART
in our population.

METHODS

Data were used from CASCADE (Con-
certed Action on Seroconversion to
AIDS and Death in Europe), which has
been described elsewhere.!* It is cur-
rently a collaboration of 23 cohorts of
individuals with well-estimated dates
of HIV seroconversion from Europe (20
cohorts from Denmark [1], France [4],
Germany [1], Greece [1], Italy [1], the
Netherlands [2], Norway [2], Spain [4],
Switzerland [1], and the United King-
dom [3]), Australia (2 cohorts), and
Canada (1 cohort). All eligible indi-
viduals are recruited, both prospec-
tively and retrospectively, to the con-
stituent cohorts through the clinical
centers where they receive their HIV
care, and an enrollment date is re-

52 JAMA, July 2, 2008—Vol 300, No. 1 (Reprinted)

corded for each participant. Of the 23
cohorts, 3 regional and 6 national co-
horts collect data on individuals from
anumber of HIV clinical centers across
the region or country, through the ab-
straction of medical records for all par-
ticipants from routine clinic visits.
These data are recorded on clinic re-
port forms and then entered into the in-
dividual cohort database. Data are then
extracted according to an agreed-on
standardized data exchange protocol
and submitted to the CASCADE coor-
dinating center (Medical Research
Council Clinical Trials Unit, London,
United Kingdom) on an annual basis,
where they are pooled. The remaining
14 single-clinic cohorts abstract data di-
rectly from their clinic database accord-
ing to the same standardized data ex-
change protocol and forward the data
to the coordinating center. Enroll-
ment averaged 317 individuals per year
overall from 1985-1987 and increased
to 801 per year over the 19-year pe-
riod 1988-2006. Six cohorts included
in the analysis had ceased recruitment
of new seroconverters in 1992, 1997 (2
cohorts), 2000, 2002, and 2004. These
6 cohorts make up 7.7% of data in-
cluded in the analyses. A subgroup of
participants represented by the UK co-
hort data presented herein were evalu-
ated in a previous study estimating
changes in survival over calendar time
after HIV seroconversion in a UK set-
ting.?

All cohorts received approval from
their individual ethics review boards ex-
cept for the Danish cohort, which re-
ceived approval from the National Data
Registry Surveillance Agency because
Danish law allowed collection and pool-
ing of anonymized clinical data with ap-
proval from this agency alone. Two eth-
ics review boards deemed their cohort
participants exempt from providing
signed informed consent. Signed in-
formed consent was obtained from all
others. Approval was also given by all
ethics review boards to pool anony-
mized data for analyses and dissemi-
nation.

Estimates of HIV seroconversion
dates are accurate to within 18, 12, and

6 months for 100%, 87%, and 63% of
individuals, respectively, and are based
on documented evidence of serocon-
version. In 95% of cases, this evidence
comprised a documented negative HIV
antibody test result, which must be
dated fewer than 3 years before the first
positive result, and seroconversion date
is estimated as the midpoint between
the last negative and first positive test
results. For the remaining 5% of cases,
alternative documented laboratory evi-
dence of seroconversion is available
(real-time polymerase chain reaction
positivity in the absence of HIV anti-
bodies, or antigen positivity with <4
bands on a Western blot).

We included all individuals 15 years
or older at seroconversion who had
sexual or injection drug use (IDU) ex-
posure to HIV and at least 1 day of fol-
low-up since enrollment into the co-
hort. Individuals infected through
hemophilia treatment (n=234) and oc-
cupational exposure (n=156) were ex-
cluded, as were 547 with unknown
exposure type. To avoid survivorship
bias, late-entry methods were used so
that, in cases in which seroconversion
was identified retrospectively, time
since seroconversion was only consid-
ered “at risk” from the date of enroll-
ment into the cohort. Data were pooled
in September 2007 and analyzed in
March 2008, with follow-up available
from May 1981 to June 2007. Fol-
low-up time was censored on the date
at which mortality data were assumed
to be complete for each contributing
cohort; death registration is compul-
sory in all countries represented in
CASCADE, and for 14 of the 21 co-
horts represented in the final analysis
there is active cross-checking with na-
tional death registers for individuals lost
to follow-up. As a further measure to
avoid underascertainment of death due
to reporting delays, we applied addi-
tional right-censoring on December 31,
2006.

Statistical Analysis

Changes over time in the overall risk
of death were calculated from a Cox
model stratified by cohort and ad-

©2008 American Medical Association. All rights reserved.
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justed for age at seroconversion, sex,
and HIV exposure category, with cal-
endar period of follow-up as a time-
updated covariate, categorized to
represent the era before extensive avail-
ability of HAART (pre-1996) and at
regular intervals thereafter (1996-
1997, 1998-1999, 2000-2001, 2002-
2003, and 2004-2006). We confirmed
that there was no evidence against the
proportional hazards assumption by a
test based on the Schoenfeld residu-
als, where P<.05 would indicate prob-
lems with the assumption.'*

For the analysis of excess mortality,
the expected number of deaths was cal-
culated by applying annual probabil-
ity of death data from the general popu-
lation to the study population,
considering individuals to be at risk un-
til their actual date of death or censor-
ing."” The general population mortal-
ity data were obtained from the Human
Mortality Database in July 2007,'° strati-
fied by age, sex, calendar year at risk,
and country, and were matched to the
study population on these factors. Race
and ethnicity were not reported. The
number of deaths among CASCADE in-
dividuals in each demographic stra-
tum was then modeled using a Pois-
son process, offsetting the expected
deaths. This is known as a relative sur-
vival model and provides adjustment for
background mortality without the need
for information on cause of death.® Time
since seroconversion was divided into
1-year intervals and included in the
model as a categorical variable,'” thus
effectively assuming a piecewise con-
stant hazard of excess mortality in each
1-year interval following seroconver-
sion. To check the sensitivity of our re-
sults to this assumption, we also re-
peated our analyses using 3-month and
6-month intervals in the first 2 years of
infection, thus allowing the hazard
function more flexibility close to
seroconversion.

Within this relative survival model
framework, we examined changes in the
risk of excess mortality over calendar
time of follow-up (time-updated), ad-
justing for age at seroconversion, sex,
and HIV exposure category. The rela-

tive survival models provide estimates
of excess hazard ratios (eHRs), the in-
terpretation of which is similar to that
of the familiar Cox hazard ratio. For ex-
ample, an eHR of 1.5 for male/female
would indicate that males have a 50%
higher risk of dying compared with fe-
males, after accounting for expected
background mortality. We then inves-
tigated the effects of age at seroconver-
sion, sex, and HIV exposure category
as potential prognostic factors for
excess mortality. Interactions with
calendar time were added to assess
whether these effects had changed over
calendar time. Two-sided P values for
individual model parameters and in-
teractions were produced using likeli-
hood ratio tests of nested models, and
for model-building purposes we con-
sidered P<<.05 to indicate statistical
significance.

Using subgroups based on the most
important factors from the final model,
we then calculated life-table estimates
of the cumulative survival and relative
survival function' by duration of in-
fection in each calendar period, by
multiplying interval-specific probabili-
ties. Hence the corresponding cumu-
lative overall (1 - cumulative survival)
and excess (1 -relative survival) prob-
ability of death at 5, 10, and 15 years
of HIV infection duration were de-
rived (as preplanned analyses). These
intervals were chosen because we an-
ticipated that reliable estimates could
be derived up to 15 years from HIV
seroconversion (in a prior report, stable
estimates of overall survival to 10 years
following HIV seroconversion were
generated,' and 5 additional years of fol-
low-up data are now available), and we
wished to describe changes in mortal-
ity patterns and allow comparison
across subgroups at a small number of
regular intervals of infection dura-
tion. Additional late entry and censor-
ing were applied at the beginning and
end, respectively, of the calendar pe-
riod in question; thus, estimates for each
period covered the entire duration of
infection (incorporating short-term in-
formation from the recently diag-
nosed individuals and longer-term in-

©2008 American Medical Association. All rights reserved.

formation from those diagnosed in the
past). This approach is known as pe-
riod analysis and has been commonly
used in population-based studies."’

Finally, in the same calendar peri-
ods, we described the time to starting
HAART (defined as at least 3 antiretro-
viral drugs representing at least 2 drug
classes or including abacavir or tenofo-
vir®) using Kaplan-Meier methods and
the proportion of time spent receiving
HAART. The numerator for the latter was
the amount of person-time spent receiv-
ing HAART as derived from the prescrip-
tion start and stop dates recorded for in-
dividual drugs during routine clinical
follow-up. Because therapy guidelines
recommend the initiation of HAART be-
fore CD4 cell count decreases to 200
cells/uL and HAART is typically initi-
ated at 200 to 350 cells/uL,**' we con-
sidered as the denominator only time at
risk after the first CD4 cell count below
350 cells/uL or after HAART initiation,
whichever came earlier.

All statistical analyses were per-
formed using Stata version 10 (Stata-
Corp, College Station, Texas).

RESULTS

Participants

The analysis included 16 534 individu-
als (TABLE 1) with median age at HIV
seroconversion of 29 years (interquar-
tile range [IQR], 24-36 years). The re-
ported exposure category was sex be-
tween males for 9465 individuals
(57%), IDU for 3047 (18%), and sex be-
tween males and females for 4022
(24%). For year of seroconversion, the
median was 1994 (range, 1980-2006).
The study observation time ranged from
May 1981 to December 2000, and all
but 1 cohort (representing 0.5% of the
data) contributed data to every calen-
dar period considered in the analysis.
The median duration of follow-up was
6.3 years (range, 1 day to 23.8 years),
with 16 344 individuals (99%) having
more than 1 month of follow-up. There
were 21 cohorts represented in the fi-
nal included data (after excluding 2
with only hemophilia patients), with
16 143 individuals (98%) belonging to
European cohorts. The median num-
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ber of individuals included per cohort
was 388 (range, 56-7000). For 2 con-
tributing cohorts the reported expo-
sure category was exclusively IDU and
for 1 cohort was exclusively sex be-
tween males; however, most individu-
als (16256 [98%]) were enrolled in co-
horts covering all 3 exposure categories.

Changes Throughout Calendar
Time in Excess Mortality Risk
and Prognostic Factors

A total of 2571 individuals had died as
of December 2006, compared with an es-
timated 235 deaths that would have been
expected in a matched general popula-
tion cohort (TABLE 2). The excess mor-
tality rate per 1000 person-years was 40.8
(95% confidence interval [CI], 35.8-
43.0;1275.9 excess deaths in 31 302 per-

son-years) pre-1996, decreasing in each
subsequent calendar period to 6.1 (95%
CI, 4.8-7.4;89.6 excess deaths in 14 703
person-years) in 2004-2006.

The overall adjusted hazard ratio of
death compared with pre-1996 was 0.57
(95% CI, 0.51-0.64), 0.20 (95% CI,
0.18-0.24), 0.15 (95% CI, 0.12-0.17),
0.13 (95% CI, 0.11-0.15), and 0.09
(95% CI, 0.07-0.11) in 1996-1997,
1998-1999, 2000-2001, 2002-2003, and
2004-2006, respectively. In the rela-
tive survival model adjusted for back-
ground mortality, as well as duration
of infection and prognostic factors, the
eHR of death compared with pre-1996
was 0.54 (95% CI, 0.48-0.60), 0.17
(95% CI, 0.14-0.20), 0.12 (95% CI,
0.10-0.14), 0.10 (95% CI, 0.08-0.12),
and 0.06 (95% CI, 0.05-0.08) in the

same periods, respectively. Older age
at seroconversion was associated with
a higher risk of excess mortality (eHR,
2.54; 95% CI, 2.10-3.07 for age =45
years compared with age 15-24 years;
P<.001), as was a reported exposure
category of IDU (eHR, 1.52; 95% CI,
1.36-1.69 [P<.001] compared with sex
between males). Females appeared to
be at lower risk than males (eHR, 0.80;
95% CI, 0.70-0.91 [P=.001]).

There was strong evidence for a
change over calendar time in the ef-
fects of age at seroconversion (P=.002),
exposure category (P<<.001), and
sex (P<.001) when these interac-
tions were added individually to our
model, although when all 3 were added,
only the exposure category interac-
tion remained statistically significant

Table 1. Characteristics of the Study Population

No. (%) by Calendar Period

[
Pre-1996

1
2004-2006

Characteristic 1996-1997 1998-1999 2000-2001 2002-2003 Total

Total No. seroconverting 9500 1615 1338 1446 1480 1155 16534
Se><Male 7365 (78) 1271 (79) 1031 (77) 1160 (80) 1169 (79) 975 (84) 12971 (78)

Female 2135 (22) 344 (21) 307 (23) 286 (20) 311 (21) 180 (16) 3563 (22)
Exposure category

Sex between males 5042 (53) 884 (55) 794 (59) 922 (64) 953 (64) 870 (75) 9465 (57)

Injection drug use 2482 (26) 226 (14) 149 (11) 98 (7) 64 (4) 28 (2) 3047 (18)

Sex between males-females 1976 (21) 505 (31) 395 (30) 426 (29) 463 (31) 257 (22) 4022 (24)
Age at seroconversion, y

15-24 2953 (31) 322 (20) 233 (17) 257 (18) 237 (16) 171 (15) 4173 (25)

25-34 4505 (47) 780 (48) 658 (49) 643 (44) 637 (43) 494 (43) 7717 (47)

35-44 1480 (16) 352 (22) 304 (23) 360 (25) 415 (28) 343 (30) 3254 (20)

=45 562 (6) 161 (10) 143 (11) 186 (13) 191 (13) 147 (13) 1390 (8)

Median (IQR) 27 (23-33) 30 (26-37) 31 (26-37) 32 (26-38) 33 (27-39) 33 (27-39) 29 (24-36)

Abbreviation: IQR, interquartile range.

]
Table 2. Changes in Overall and Excess Mortality Rates

Calendar Period

1
2004-2006

Mortality Pre-1996 1996-1997 1998-1999 2000-2001 2002-2003 Total
Person-years of follow-up 31302 14434 16656 18205 17323 14703 112624
Observed deaths 1332 481 231 212 188 127 2571
Expected deaths® 56.1 28.4 33.2 38.9 40.9 37.4 234.8
Excess deaths (95% Cl) 1275.9 452.6 197.8 1731 1471 89.6 2336.2

(1205.9-1345.9)  (410.9-494.3)  (170.2-225.3)  (147.4-198.9)  (128.4-170.9) (71.0-108.1)  (2241.4-2430.9)
Overall mortality rate (95% Cl), 42.6 33.3 13.9 11.6 10.9 8.6 22.8
per 1000 person-years® (40.3-44.8) (30.3-36.3) (12.1-15.7) (10.1-13.2) (9.3-12.4) (7.1-10.1) (21.9-23.7)
Excess mortality rate (95% Cl), 40.8 31.4 1.9 9.5 8.5 6.1 20.7
per 1000 person-years® (38.5-43.0) (28.5-34.2) (10.2-13.5) (8.1-10.9) (7.1-9.9) (4.8-7.4) (19.9-21.6)

Abbreviation: Cl, confidence interval.

aEstimated by applying general population mortality rates to a hypothetical cohort matched to the study population on age, sex, calendar year at risk, and country.
Calculated as 1000 X (observed deaths)/(person-years of follow-up).
CCalculated as 1000 X (excess deaths)/(person-years of follow-up).

54 JAMA, July 2, 2008—Vol 300, No. 1 (Reprinted)

©2008 American Medical Association. All rights reserved.

Downloaded from www.jama.com at unknown institution on July 21, 2008


http://jama.ama-assn.org

RISK OF DEATH AFTER HIV SEROCONVERSION VS MORTALITY IN THE GENERAL POPULATION

(TABLE 3). There was no overall effect
of exposure category in the pre-1996
period (P=.29). In each subsequent cal-
endar period, exposure category was
strongly predictive of excess mortality
(P<.001 in each period), with those ex-
posed through IDU at significantly
higher risk than those exposed through
sex between males (eHR, 3.71;95% CI,
2.05-6.73 in 2004-2006). Those ex-
posed via sex between males and fe-
males had a risk of excess mortality
similar to that of those exposed via sex
between males in every period except
2000-2001, when they were at higher
risk (eHR, 2.02; 95% CI, 1.18-3.45).

For age at seroconversion and sex
there was no evidence of variation over
calendar time in the final model (P=.40
and P=.45, respectively, for interac-
tion). Over all calendar periods there
was a clear gradient of increasing risk
of excess mortality with increasing age
at seroconversion. Females were at con-
sistently lower risk than males.

All estimates were very similar in 2
sensitivity analyses in which time since
seroconversion was split into smaller
intervals (3 and 6 months) for the first
2 years of infection.

Estimated Excess Mortality

by Duration of Infection
Considering those in the sexual HIV ex-
posure groups, mortality among HIV-
infected individuals decreased toward
background mortality levels between
pre-1996 and 2004-2006 (FIGURE). Be-
cause individuals in the IDU exposure
category are likely to be at higher risk
of mortality than the general popula-
tion regardless of HIV infection, this
category was initially excluded from es-
timates of the cumulative excess mor-
tality. Comparing the cumulative over-
all and excess probability of death, we
found that prior to 1996, excess mor-
tality above that expected in the gen-
eral population accounted for the vast
majority of total observed mortality in
CASCADE in all age groups and at all
stages of infection (TABLE 4). How-
ever, excess mortality decreased dra-
matically from 1996 onward. By 2004-
2006, there was no evidence of any
excess mortality to 5 years from sero-
conversion in any age group. How-
ever, in the longer term, some excess
mortality was still evident, with the cu-
mulative excess probability of death in
the first 10 years from seroconversion

estimated to be 4.8% (95% CI, 2.5%-
8.6%) in those aged 15 to 24 years and
4.3% (95% CI, 0.0%-10.5%) in those 45
years or older at seroconversion, though
in the latter age group this excess mor-
tality represented less than half of the
total 10-year mortality of 12.2%.

Among individuals exposed through
IDU, in contrast, mortality in 2004-
2006 was higher than background lev-
els, even early in infection (estimated cu-
mulative excess probability of death in
the first 5 and 10 years, 4.8% [95% CI,
1.4%-13.6%] and 6.2% [95% CI, 2.2%-
14.3%], respectively, among those ex-
posed through IDU who were younger
than 45 years at seroconversion).

To further explore the differences be-
tween HIV exposure groups, we con-
sidered causes of death in 2004-2006.
Of the 127 individuals who died in this
period, 95 had known cause of death (as
recorded in clinic records or death cer-
tificates), the most common being AIDS
for 27 individuals (28%), non-AIDS ma-
lignancy for 14 (15%), and suicide or in-
tentional harm for 13 (14%). The pat-
tern of causes of death among those
exposed through IDU differed from that
of other groups: no non-AIDS malig-

Table 3. Excess Hazard Ratios (eHRs) Obtained Using a Multivariate Model for Excess Mortality?®

eHR (95% CI) by Calendar Period

Pre-1996 1996-1997 1998-1999 2000-2001 2002-2003 2004-2006 Val’:e b
No. of deaths 1332 481 231 212 188 127
Calendar period® 1 [Reference] 0.51 (0.39-0.67) 0.12(0.08-0.18) 0.05(0.03-0.09) 0.07 (0.04-0.11) 0.05 (0.03-0.09)
Age at seroconversion, y
15-24 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 7]
25-34 1.54 (1.34-1.78)  1.13(0.90-1.42) 1.07 (0.75-1.52) 1.37 (0.94-2.00) 1.03 (0.68-1.55) 1.08 (0.62-1.91) 20
35-44 2.05(1.71-2.45) 1.67(1.23-2.27) 1.85(1.15-2.98) 2.42(1.46-4.02) 1.59(0.91-2.79) 1.38 (0.64-2.98)
=45 2.37(1.84-3.06) 2.81(1.90-4.16) 2.81(1.40-5.61) 2.62(1.12-6.13) 1.94 (0.75-5.02) 2.71 (1.03-7.11)
P valued <.001 <.001 .003 .004 21 .20
Exposure category
Sex between males 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] ]
Injection drug use 0.99 (0.86-1.14) 1.65(1.30-2.09) 3.46 (2.39-5.02) 5.21(3.38-8.04) 4.77 (3.06-7.44) 3.71 (2.05-6.73) <.001
Sex between males-females  0.85 (0.68-1.05) 0.79 (0.56-1.11) 1.563(0.92-2.53) 2.02 (1.18-3.45) 1.61(0.90-2.89) 1.56 (0.74-3.29) _|
P valued .29 <.001 <.001 <.001 <.001 < .001
Sex
Male 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 45
Female 0.76 (0.63-0.93) 0.95(0.72-1.25) 0.55(0.36-0.84) 0.83(0.56-1.23) 0.74(0.47-1.17) 0.75(0.40-1.41)
P valued .006 72 .006 .35 .20 .37

Abbreviation: Cl, confidence interval.

2Results are from multivariate relative survival model adjusted for all main effects and all interactions with calendar period. All P values calculated from likelihood ratio tests of nested

models.
For variation of effect between calendar periods.

CCalendar period effect estimates apply to the reference groups of age at seroconversion (15-24 y), sex (male), and exposure category (sex between males).

dFor variation of effect within calendar period.
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nancies were reported, and there was a
higher proportion of reported liver-
related causes (7/22 [32%], compared
with 2/73 [3%] among sexual expo-
sure groups). The proportion of deaths
reported as suicide among those ex-
posed through IDU was only slightly
higher than among those with re-
ported exposure category of sex be-
tween males (4/22 [18%] vs 8/51 [16%]).

Uptake of HAART

The median time from HIV serocon-
version to starting HAART was 1.6
(IQR, 0.7-3.5) years in 1996-1997 and
1.4 (IQR, 0.6-3.4), 1.8 (IQR, 0.7-5.6),
2.4 (IQR, 0.8-6.7), and 2.2 (IQR, 1.0-
4.8) years in 1998-1999, 2000-2001,
2002-2003, and 2004-2006, respec-
tively. After excluding time at risk
when HAART would not be indicated,

]
Figure. Reduction in All-Cause Mortality pre-1996 to 2006 and Comparison With That of the

General Population, by Age Group
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the proportion of person-time spent
receiving HAART increased from 17%
in 1996-1997 to 54%, 66%, 69%, and
73% in the same calendar periods, re-
spectively. As expected, the use of
nonnucleoside reverse transcriptase
inhibitor (NNRTI)-based regimens in-
creased over time and by 2004-2006,
the proportion of person-time receiv-
ing NNRTI-based HAART was approxi-
mately equal to that spent receiving
protease inhibitor (PI)-based HAART
(40% and 42% of person-time on
HAART, respectively, compared with
18% and 71%, respectively, in 1998-
1999, when the first NNRTIs were avail-
able). Ritonavir boosting of PI regi-
mens also increased from 7.0% of
person-time receiving PI-based HAART
in 1996-1997 to 10.7%, 32%, 63%, and
79% in 1998-1999, 2000-2001, 2002-
2003, and 2004-2000, respectively.

COMMENT

We found that the gap in mortality rates
between HIV-infected individuals in our
study and the general population nar-
rowed in every calendar period from
1996 onward. Considering the first years
following the widespread introduction
of HAART, we have estimated an 88%
reduction in excess mortality in 2000-
2001 compared with pre-1996, corre-
sponding closely to the 87% reduction
in the standardized mortality ratio in
1997-2001 compared with pre-1996, as
reported by the Swiss HIV cohort.” Our
more recent data show that reductions
have continued to 2004-2006, with ex-
cess mortality in this period 94% lower
than pre-1996 levels. Corresponding to
these reductions, the uptake of HAART
increased, and though this leveled off af-
ter 2001, there followed an increasing
use of NNRTI-based HAART as the first-
line treatment regimen and a substan-
tial increase in the boosting of PI-based
regimens.

Despite the major reductions in ex-
cess mortality, a significantly in-
creased risk of death remained among
individuals of all ages in 2004-2006. A
number of other studies comparing
mortality in HIV-infected and unin-
fected populations have also found a
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significant remaining excess mortal-
ity,'® though we found a relatively low
level of excess mortality among those

45 years or older compared with 1
study®; however, since that study con-
sidered time-updated acquired age

rather than age at HIV seroconver-
sion, it is likely that those contribut-
ing to the 45 years or older age groups

- _________________________________________________________________________________________]
Table 4. Estimated Cumulative Overall Probability of Death by Duration of HIV Infection Among Sexual Exposure Groups in CASCADE and

Cumulative Excess Probability of Death Compared With That of the General Population?

Calendar Period

Age at/Time Since I
Seroconversion Pre-1996 1996-1997 1998-1999 2000-2001 2002-2003 2004-2006
15-24y
Sy
Overall probability, % 8.3 4.9 2.9 0.8 1.3 0
Excess probability, % 7.9(6.3t09.8) 45(2.91t06.9) 25(1.3t04.6) 0.4 (-0.1t02.0) 0.9 (0.11t03.3)
(95% Cl)
10y
Overall probability, % 42.2 21.0 7.4 4.5 4.7 5.4
Excess probability, %  41.5(35.5t048.1)  20.2 (16.6 t0 24.3) 6.5(4.4t09.4) 3.7 (22t06.1) 39(.1t06.8) 4.8 (2.5108.6)
(95% Cl)
15y
Overall probability, % NAP 37.2 12.5 8.8 1.4 8.1
Excess probability, % NAP 36.2(27.9t0459 11.2(7.4t016.4) 76@9t011.3) 10.2(7.3t0 14.0 7.0@.2t011.2)
(95% Cl)
25-34y
5y
Overall probability, % 1.1 5.0 2.0 1 0.4 0.3
Excess probability, % 10.5(9.0to 12.2) 4.4(3.2t05.9 1.4(0.7t02.5) 04(-01to1.4) -0.1(-04t00.6) -0.2(-0.4t00.7)
(95% Cl)
10y
Overall probability, % 48.3 21.1 59 53 2.7 2.0
Excess probability, %  47.5(43.3t051.8) 19.9(17.0t0 23.2) 4.7 (3.2t0 6.5) 4.1(2.8t05.8) 1.5(0.6t02.9) 0.9 (0.0to0 2.4)
(95% Cl)
15y
Overall probability, % NAP 35.6 12.3 10.8 6.3 7.5
Excess probability, % NAP 34.0(24.8t045.1) 10.2(6.8t0 14.7) 8.7(6.2t011.9) 4.1(2.5t06.9) 55(3.5t08.1)
(95% Cl)
35-44y
Sy
Overall probability, % 16.0 8.2 3.3 1.2 1.6 0.8
Excess probability, % 14.9 (12.4 to 17.9) 7.1 (4.7t010.4) 2.3(0.9t04.5) 0.1 (-0.61t0 1.8) 05(-0.3t02.3) -0.2(-0.7t01.0)
(95% Cl)
10y
Overall probability, % 61.4 28.9 10.3 4.5 7.2 3.7
Excess probability, %  60.3 (54.2t066.4) 26.7 (21.7 to 32.5) 7.8(4.9t011.7) 1.9(0.1t04.7) 47(2.5t07.9) 1.3 (-0.3t0 4.0
(95% Cl)
15y
Overall probability, % 68.2 67.1 29.1 13.3 14.0 7.2
Excess probability, %  66.5 (68.6t0 74.2)  65.3 (40.8t087.5) 25.3 (16.5t0 36.5) 8.6 (4.2t0 14.9) 9.4 (5.7 t0 14.2) 2.4(-04106.8)
(95% Cl)
=45y
Sy
Overall probability, % 23.0 16.2 11.8 3.4 8.9 49
Excess probability, %  19.8 (15.3t025.3) 13.0(8.3t0 19.1) 8.4 (4.5t0 13.7) -0.3 (-2.1t0 3.4) 5.4 (2.0t0 10.4) 1.5(-0.8t0 5.6)
(95% Cl)
10y
Overall probability, % 59.6 52.1 22.2 15.4 16.3 12.2

Excess probability, %

55.8 (45.2 to 66.5)

47.4(37.31058.2)

14.6 (8.5 10 22.2)

7.5(2.310 14.6)

8.4 (3210 15.6)

4.3(0.0t0 10.5)

15y

(95% C)
Overall probability, % NAD NAD 28.6 23.4 25.3 24.9
Excess probability, % NAP NAP 16.1 (6.6 to 28.5) 97(1.0t021.4) 115(3.3t022.2) 11.9(3.41023.1)

(95% Cl)

Abbreviations: CASCADE; Concerted Action on Seroconversion to AIDS and Death in Europe; Cl, confidence interval.
@Estimates are calculated as 100 minus the life-table based % cumulative survival and relative survival probabilities.

NA indicates not applicable because of insufficient individuals remaining alive and at risk to calculate estimates.
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had longer duration of infection, which
was unknown in that study.

To our knowledge, no study to date
has made a comparison of mortality
among HIV-infected and uninfected in-
dividuals adjusted for duration of HIV
infection, and our results provide esti-
mates, hitherto unavailable, of the cu-
mulative excess probability of death as
duration of HIV infection increases. In-
terestingly, we found that by 2004-
2006, the risk of death in the first 5
years following seroconversion was
similar to that of the general popula-
tion, with the excess probability of
death becoming apparent only later in
the course of infection. Our long-term
cumulative mortality estimates for
2004-2006 include data from individu-
als infected in the mid-1990s or ear-
lier who may have started antiretrovi-
ral treatment later in the course of
infection and with regimens inferior to
those currently available; thus, such es-
timates may be pessimistic in terms of
the long-term outlook for more re-
cently infected individuals. Neverthe-
less, it is likely that even with current
standards of HIV management, some
long-term excess mortality would re-
main because problems of toxicity, re-
sistance, and therapy adherence are
likely to increase with time receiving
HAART.

We found that older age was highly
predictive of excess mortality prior to
1996, and this effect broadly contin-
ued in later calendar periods, despite
suggestions in the literature that in-
creasing age is associated with better ad-
herence to HAART.?> Another large
study® found an association between
older age and overall mortality follow-
ing HAART initiation. It is of interest
that the effect persisted in our analysis
adjusted for natural aging, which ap-
peared to account for more than half
of the total mortality in individuals 45
years or older in 2004-2006. Some stud-
ies have found that older individuals ex-
perience slower immune recovery fol-
lowing HAART initiation,***> which
could reflect the state of thymic func-
tion and may in part account for their
continuing excess risk of death.?

58 JAMA, July 2, 2008—Vol 300, No. 1 (Reprinted)

Individuals exposed through IDU
had a higher excess risk of death
throughout the HAART era, with a
4-fold higher risk compared with the
reported exposure category of sex be-
tween males in 2004-2006. It is un-
likely that HIV infection is the only fac-
tor leading to increased mortality rates
among those exposed through IDU,
who, as well as accounting for the di-
rect risks of substance abuse, may be
more likely to be diagnosed with men-
tal health-related illnesses*” and coin-
fections,” the effects of which may have
been masked prior to 1997 by the mor-
tality burden of HIV disease itself. On
the other hand, the increasing separa-
tion of those exposed through IDU
since 1997 as a group with higher ex-
cess mortality may point to differ-
ences in access and adherence to
therapy. Indeed, we found a lower up-
take of HAART among those exposed
through IDU compared with other
groups, while lower therapy adher-
ence among such individuals has been
described in the literature.”

Our study has some limitations. Ide-
ally we would like to quantify the ex-
cess mortality associated with HIV in-
fection. To this end, we have compared
mortality in CASCADE with that in the
general population. Although we
matched by age, sex, calendar time, and
country, it is likely that HIV-infected
individuals in our study differ from the
general population in other ways. Rates
of smoking have been shown to be high
among some HIV-infected popula-
tions®’; other risk behaviors, socioeco-
nomic factors, and race/ethnicity are
also likely to differ among HIV-
infected persons. Those exposed
through IDU in particular are likely to
be at higher risk of mortality than the
general population regardless of HIV in-
fection, and we have presented our es-
timates of the cumulative excess mor-
tality proportion excluding this group.
Nonetheless, our results are interpret-
able as estimates of the excess mortal-
ity among HIV-infected individuals,
who may differ from a general popu-
lation not only in being infected with
HIV but also in other factors.

A second limitation is that HIV se-
roconverters are not representative of
the total HIV-infected population; mor-
tality estimates derived from serocon-
verters, by definition diagnosed and
monitored from an early stage, are likely
to be optimistic compared with the ex-
perience of the wider HIV-infected
population. In particular, further re-
search will be needed before our find-
ing of no excess mortality in the first 5
years of infection in 2004-2006 can be
generalized beyond those diagnosed
early in infection.

Despite these limitations, serocon-
verters provide a unique opportunity
to study and adjust for the effect of du-
ration of HIV infection on mortality and
excess mortality. Our results show the
progress in reducing mortality among
HIV-infected individuals toward the lev-
els experienced by the general unin-
fected population. However, there is
continuing excess mortality, particu-
larly evident in those infected for 10
years or more. Ongoing monitoring of
excess mortality will be important as
new treatment advances are imple-
mented in an attempt to further re-
duce mortality rates among HIV-
infected individuals.
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