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Abstract

Background—The widespread use of HAART has led to marked decreases in death rates in Brazil
in HIV-infected individuals. Nonetheless, there are scarce data on specific causes of death.

Methods—Death rates from a cohort of HIV-infected patients in Rio de Janeiro, Brazil were
analyzed in two-year periods, from 1997 to 2006. Poisson models and survival models accounting
for competing risks were used to assess association of co-variables. A standardized, validated
algorithm was used to ascertain specific causes of death.

Results—Of the 1,538 eligible patients, 226 (14.7%) died during the study period, corresponding
to a mortality rate of 3.2/100 person-years. The median follow-up time was 4.61 years (IQR = 5.63
years) and the loss to follow-up rate was 2.4/100 person-years. Overall, 98 (43.4%) were classified
as non-AlDS-related causes. Although opportunistic infections were the leading causes of death
(37.6%), deaths due to AIDS-related causes declined significantly over time (p<0.01). In the most
recent period (2005-2006) the rate of non-AIDS related causes of deaths was higher than that of
AIDS-related causes of death.

Conclusions—In the HAART era there has been a significant change in causes of death among
HIV-infected patients in Rio de Janeiro. As access to HAART improves, integration with other public
programs will become critically important for the long term success of HIVV/AIDS programs in
developing countries.
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Introduction

Methods

In the past decade, the introduction and widespread use of highly active antiretroviral therapy
(HAART) has led to marked decreases in mortality rates in low- and high-income countries
1-4 turning a deadly disease into a manageable chronic condition.

In developed countries, population-based and cohort studies have demonstrated that, although
HIV/AIDS-related conditions remain the most frequent causes of death, other conditions,
including diabetes mellitus (DM), cardiovascular diseases (CVDs), cancer, liver and renal
diseases, have become increasingly frequent in HIV-infected individuals 510, In fact, in some
populations, such as patients with CD4+ counts greater than 200 cells/mm3, non-HIV-related
causes of death are now more frequent than HIV-related ones 1.

Due to the increased survival, the HIV-infected population tends to become older 11, a factor
that in itself may contribute to the increased frequency of non-HIV/AIDS-related causes of
death. An association between certain HAART regimens, particularly those containing
protease inhibitors or abacavir, and risk of C\VD and conditions such as the metabolic syndrome
has been reported 12714, A possible contributing role of uncontrolled HIV replication on the
risk of non-HIV-related deaths has also been suggested 15.

In Brazil, where free access to HAART has been universal for all patients who qualify for
treatment under locally developed guidelines since 1996, mortality rates among HIV-infected
patients decreased sharply after the introduction of HAART, but have remained stable after
1999 3: 411} Recently, based on data from the national databases of death certificates, we
reported a significant increase between 1999 and 2004 in non-HIV-related conditions,
including CVD and DM, as causes of death 16.

In this study, we describe changes in temporal trends of causes of death in a cohort of HIV-
infected patients in Rio de Janeiro, Brazil.

Data sources

All patients included in the study were followed at Hospital Universitario Clementino Fraga
Filho (HUCFF). The hospital HIV database was originally designed to validate the World
Health Organization (WHO) HIV staging system and is described elsewhere 17. HUCFF is a
participating site of the ART-LINC collaboration (http://www.ispm.ch/artlinc.html) 1. 18 and
of CCASAnet (http://ccasanet.vanderbilt.edu), both of which are part of the leDEA network
(http://www.iedea-hiv.org). Patients who entered the cohort between 1997 and 2006, were aged
16 years or older, and had at least one follow-up visit were eligible for the present study.
Laboratory data, including CD4 counts and viral load, are electronically transferred from the
hospital database. Clinical data are abstracted from hospital charts immediately after
consultations by trained data abstractors who fill out specially designed forms that contain all
relevant fields and variables.

Vital status was ascertained either by abstracting information from medical charts or by linkage
with the Rio de Janeiro Mortality Database, using a previously validated algorithm 19,
Information from death certificates obtained through the linkage algorithm, which included
primary and contributing causes of death, was used in the ascertainment of causes of death as
described below. Patients were considered to be lost to follow-up if no vital status information
was available for more than one year.
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Ascertainment of causes of death

Causes of death were determined using the CoDe (Coding Causes of Death in HIV) protocol
20_ Briefly, extensive data were collected from all available sources, including death
certificates, medical records, autopsy reports, and information obtained from family members
by a trained physician or health care provider. Two independent reviewers attributed causes
of death based on the completed CoDE forms. If the attributed cause of death was the same
for both reviewers, it was considered to have been established. If there was disagreement
between the two reviewers, or both had coded the cause of death as unknown or unclassifiable,
the case was referred to a third reviewer for final classification.

Causes of death were classified as AIDS-related or non-AlDS-related based on the presence
or absence of an AIDS-defining condition, according to the Centers for Disease Control and
Prevention Classification 21, and as a primary or contributing cause of death. All deaths with
unknown primary and contributing causes for which at least one CD4 cell count was available
within 6 months prior to the date of death were classified as AIDS-related if CD4 counts were
< 200 cells/mm?3 and as non-AlDS-related if > 200 cells/mm3. Deaths that did not meet any of
the above criteria were classified as of unknown cause.

Underlying causes of death, which are defined by WHO as “(a) the disease or injury which
initiated the train of morbid events leading directly to death or (b) the circumstances of the
accident or violence which produced the fatal injury” 22 were further categorized according to
whether or not they were (a) AlIDS-related (according to CDC definitions): opportunistic
diseases; cancer; both cancer and opportunistic diseases; and undefined disease(s); or (b) non-
AlIDS-related: hepatitis/liver-related; infectious diseases; non-AlDS-related cancer; external
causes; CVD; other diseases; and unknown.

A separate analysis using an alternative CoDe classification 20 was also performed. According
to this definition, a death was considered to have been due to immunodeficiency-related causes
if it had a CDC AIDS-defining condition as primary or contributing cause of death, if the CD4
cell counts closest to death was < 50 cells/mm3 or if was due to non-sudden causes and the

CDA4 cell counts closest to death was < 200 cells/mm3). According to this classification, a death
was considered as non-immunodeficiency-related if none of the causes reported were a CDC
AIDS-defining condition and the CD4 cell counts closest to death was > 200 cells/mm3, or if
the death was sudden with CD4 cell counts closest to death between 50 and 200 cells/mm3,

Statistical analysis

Descriptive statistics are presented for the variables considered comparing living patients with
deceased patients due to AIDS-related, non-AlIDS-related, and unknown causes of death. For
continuous variables, non-parametric Kruskal-Wallis tests were used followed by pair-wise
Wilcoxon tests with Holm's multiple comparisons correction; for discrete variables, overall
Fisher exact tests were performed.

Two calendar year rates of AIDS- and non-AlDS-related causes of death and of CVD
(according to the CoDe protocol) per 100 person-years (py) were calculated and compared
over time to detect temporal changes. Poisson regression models were employed and
correlation and overdispersion were handled by using quasi-Poisson corrections for variance
estimation 23,

Survival analysis regression models were performed in the context of competing risks 24: 25,
This approach makes it possible to account for differences between non-informational
censoring due to study termination or independent losses to follow-up and informational
censoring, when losses to follow-up are due to death by causes other than the one(s) studied,
allowing for correct modeling of the main outcome and competing risk(s) 2>-2. Classically,
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event-specific hazards are modeled separately for the event of interest and the competing risk,
which tends to overestimate the cumulative mortality, since it considers that the competing
event does not exist. Another problem with this approach is that the assumption of
proportionality across covariates strata will usually be violated and inferences could be biased
26 A new approach proposed by Fine and Gray 28: 29 allows the estimation of the
subdistribution hazards for each event, which takes into account the competing risks, allowing
for unbiased estimation of the cumulative incidence functions (CIFs) and is implemented in
the ‘cmprsk’ library 30 in the R software. Adjusted hazard ratios (aHR) of the subdistributions
are reported for the models.

Variables analyzed included gender, age at start and at the end of observation or death,
transmission group [heterosexual, men who have sex with men (MSM), intravenous drug users
(IDV), other and unknown], baseline CD4 counts, use of HAART (both as a fixed or a time-
varying variable) and use of Pl-containing regimens.

All analyses were performed in R for Windows 31,

Institutional Review Board approval was obtained both from the Hospital Universitario
Clementino Fraga Filho, where the cohort is being followed, and the University of Pittsburgh.

Of the 1,633 potentially eligible patients, 95 (5.8%) females were excluded from the analysis
because they were followed only during pregnancy. Of the 1,538 eligible patients, who
contributed 7,037 person-years of follow-up, 226 (14.7%) were known to have died during the
study period, yielding a mortality rate of 3.2/100 person-years. Eighty-two deaths (36.3%)
were identified only through the linkage algorithm with the Rio de Janeiro Mortality Database;
compared to the mortality rate before the linkage algorithm was applied (2.0/100 py), the
retrieval of these cases represented a greater than 50% increase (difference = 1.2; 95%ClI =
0.9,1.4; p < 0.01). The median follow-up time was 4.61 years (IQR = 5.63 years) and the loss
to follow-up rate was 2.4/100 person-years.

Characteristics of all patients are described in Table 1. Compared to patients remaining in care,
those lost to follow-up were younger, more likely to be female, on HAART and on a Pl-based
regimen, had higher baseline CD4 cell counts, and a shorter follow-up time (p < 0.05 for all).

Of the 226 known deaths, 111 (49.1%) were classified as due to AIDS-related, and 98 deaths
(43.4%) as due non-AlDS-related causes; 17 (7.5%) were due to unknown causes. Patients
who died from non-AIDS related conditions contributed more follow-up time than patients
who died from AIDS-related conditions (median time = 3.39 py vs. 1.45 py, respectively, p <
0.01) (Table 1). Rates of death from AIDS-related causes (1.58/100 py) and from non-AIDS-
related causes (1.39/100 py) were not statistically different (p = 0.37).

Alive patients had higher baseline CD4 cell counts than deceased patients in pairwise
comparisons with both patients who died from AIDS- and from non-AlDS-related causes of
death (p < 0.01 for both comparisons). The difference in baseline CD4 counts between the
latter two groups did not reach statistical significance after multiple comparisons adjustment
(148 vs. 95 cells/fmm3, respectively, p = 1).

Causes of death are shown in Table 2. Opportunistic infections were the leading causes of death
(37.6%). Among non-AlIDS-related causes, infectious diseases were also the most frequent
causes (8.4%), followed by external causes (4.9%) and CVD (4.0%).
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Overall death rates remained fairly stable during the study period (p = 0.57). In contrast, AIDS-
related causes of death declined significantly over time (p < 0.01), and non-AlDS-related
causes of death increased over time, although not significantly (p = 0.46) (Table 3 and Figure
1). Nonetheless, in the most recent period analyzed (2005-2006) the rate of non-AlDS related
causes of deaths was higher than that of AIDS-related causes of death (1.59/100 py and
1.24/100 py, respectively). CVD as an underlying cause of death increased over time, although
the increase did not reach statiscal significance (p = 0.09) (Table 3).

The cumulative incidence functions for the hazards subdistributions for AIDS-related, non-
AIDS-related, and unknown causes of death in a competing risks framework are shown in
Figure 1C. The cumulative incidence of AIDS-related causes of death was higher than non-
AIDS-related causes of death at the beginning of the observation period, with a reversal of this
pattern during the subsequent seven years. In Table 4 we present models for the hazard
subdistributions of AIDS- and non-AlDS related causes of death, with age at the start of the
observation period as a time-dependent variable, adjusted for baseline CD4 cell count, gender,
and HIV transmission category. The models indicate that higher baseline CD4 cell counts were
strongly associated with protection for both AIDS- and non-AlDS-related causes of death (10%
and 13% per 50 cells increase, respectively) and that patients in the intravenous drug use
transmission category were at higher risk of dying of a non-AlDS-related cause of death (aHR
=4.96; 95% Cl: 2.34,10.52; p < 0.01), but not of an AIDS-related cause of death. Although
baseline age was not associated with non-AlDS-related causes of death, there was a 46%
increase in risk per 10 years of baseline age for AIDS-related causes of death, with a significant
and negative interaction over time (p = 0.02), indicating that risk decreased significantly over
time.

HAART and Pl use during the observation time were not significantly associated with non-
AIDS-related causes of death (HR = 0.7; 95%CIl: 0.44,1.09; p = 0.11 and HR = 1.23; 95%ClI:
0.82,1.86; p = 0.32, respectively).

Death rates due to causes not related to immunodeficiency increased significantly over time
(0.54 vs. 0.84 deaths per 100 py, in 1997-1998 and 2005-2006, respectively; p < 0.01), even
though death rates due to causes related to immunodeficiency were consistently and
significantly higher throughout the study period (data not shown).

Eight cases that lacked data on the causes of death were classified as AIDS-related based solely
on the CD4 cell count 6 months prior to death. A sensitivity analysis recoding these cases as
unknown did not change the results (data not shown).

Discussion

Our results show that overall mortality rates in a large cohort of HIV-infected patients in Rio
de Janeiro, Brazil, remained fairly stable between 1999 and 2006. This is in agreement with
other studies that showed that in Brazil, although mortality rates declined sharply after HAART
became widely available, they have remained stable since 19994 1. In our study, when AIDS-
and non-AlDS-related causes of death were examined separately, a decrease in AIDS-related
causes of death and an increase in non-AlDS-related causes of death were observed. When
more restrictive criteria were used to classify causes of death, non-immunodeficiency related
causes of death increased significantly over time.

Even though the temporal trend for non-AlIDS-related causes of death did not reach statistical
significance, in the most recent study period (2005-2006) non-AlDS-related causes of death
became more frequent than AIDS-related causes of death. Despite the small number of cases,
there was an increase of CVD as a cause of death during the study period, even though it did
not reach statistical significance (p = 0.09). Thus, the distribution and temporal trends for
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specific groups of causes of death we encountered are in agreement with reports from developed
countries, in which although opportunistic infections remain the main cause of death, non-
AlDS-related causes of death are becoming increasingly common 1+ 7,

In a regression model for the hazards subdistribution adjusted for possible confounders,
although baseline age was significantly associated with risk for AIDS-related causes of death,
the risk significantly decreased over time. On the other hand, baseline age had no significant
effect on the risk for non-AlIDS-related causes of death. These results indicate that, as patients
age because of longer survival times, they become at higher risk of dying from a non-AIDS-
related condition. These findings are in accordance with the recent description of HIV cohorts
tending to get older 11, as is the case in our cohort, where the median age significantly increased
from 33.25 years in 1997 to 39.0 years in 2006 (p < 0.01).

Our results are in agreement with several reports in the literature that have documented changes
in causes of death among HIV-infected patients in the HAART era, with decreases in AIDS-
related causes of death, and increases of cancer, cardiovascular and liver diseases °-10, For
example, using combined information on HIVV/AIDS surveillance with vital statistics data from
New York City, Sackoff et al. ® showed an increase in the proportion of non-HIV/AIDS-related
causes of death from 19.8% to 26.3% between 1999 and 2004, with substance abuse, CVD and
cancer as the top ranking conditions. In the HIV Outpatient Study, Palella et al. & showed that
non-AIDS-related causes of death increased from 13.1% to 42.5% between 1996 and 2004,
with CVD being the leading cause of death in this group in 2004. More recently, Lewden et al
9 showed significant increases in cancer, liver diseases and CVD as non-AlDS-related causes
of death in HIV-infected adults in France and Novoa et al 10 showed similar trends in Spain.
We have recently shown that in Brazil between 1999 and 2004 the proportion of hon-AIDS-
related causes of death reported on death certificates of patients that had HIVV/AIDS as one of
the causes of death increased significantly, as did CVD 16,

Among the main strengths of our study was the use of a database linkage algorithm that allowed
us to determine the vital status of patients who otherwise would be considered to be lost to
follow-up, which increased the death rate by 57% and kept the loss to follow-up rate at 2.4/100
person-years. Even though vital status was still missing for 170 patients lost to follow-up, we
believe this has not affected our results, as these patients tended to be younger and to have
higher CD4 cell counts than patients remaining in the cohort. Thus, if these losses to follow-
up were due to death, the likely cause is a non-AlIDS-related condition, as these characteristics
are associated with non-AlDS-related causes of death.32: 33 Another strength of our study was
the use of the CoDe algorithm 29, which allowed for a standardized classification of causes of
death, which would not be possible if only data abstracted from death certificates or medical
charts were used.

The main limitation of our study was the relatively small number of deaths (n = 226), which
made some of the models we used underpowered for associations. Another limitation was the
retrospective nature of the study, which did not allow us to investigate potentially important
variables, such as adherence to treatment, smoking status, hepatitis co-infection, and lipid and
cholesterol blood levels.

In conclusion, our results indicate that in the HAART era there has been a significant change
in causes of death among HIV-infected patients in Rio de Janeiro, Brazil. Although overall
death rates remained stable after 1999, deaths from AIDS-related causes decreased, while
deaths from non-AIDS-related causes increased to the point that the latter became more
common than the former. The major driving force behind this change appears to be longer
survival due to the significant decrease in deaths due to AIDS-related causes. Our findings
have major programmatic implications for developing countries. As access to HAART
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improves and HIV becomes a chronic condition, integration with other public programs, such

as

smoking cessation and control of hypertension will become critically important for the long

term success of HIV/AIDS programs in developing countries.
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Figure 1.

Tegmporal trends of deaths in the cohort. A — Overall death rates and 95% Cls and linear trend
over time (Poisson model); B — AIDS and Non-AlDS-related death rates and 95% Cls and
linear trend over time (Poisson model); C — Cumulative incidence functions (CIFs) of the
subdistributions of deaths associated with AIDS-, non-AIDS-related and unknown causes in
a competing risks framework.
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Table 2
Groups of specific causes of death
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Groups N %
AIDS-related
Opportunistic 85 37.6
Cancer 17 7.5
Both 2 0.9
Other 7 3.1
Non-AlIDS-related
Hepatitis/Liver 8 35
Infectious 19 8.4
Cancer 8 35
External 11 4.9
CVvD 9 4.0
Other 43 19.0
Unknown 17 75
Total 226 100

CVD - Cardiovascular diseases
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Table 4

Models for the hazards of the subdistributions and specific-hazards of deaths due to AIDS- and to non-AlDS-related
causes including baseline age (per 10 year increase), CD4 cell counts (per 50 cells increase), gender (reference: female)
and risk group (IDU vs. other), and an interaction term between baseline age and log of time under observation. Baseline

age treated as a time-dependent variable.
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Outcome Variables aHR (95% CI) p
Baseline Age (10 years) 1 1.46 (1.15,1.85) <0.01
Baseline CD4 (50 cells) 0.87 (0.82,0.92) <0.01
Deaths due to AIDS-related causes
Male gender 1.07 (0.71,1.59) 0.75
IDU 1.35(0.42,4.31) 0.61
Baseline Age (10 years) 2 1.30 (0.94,1.80) 0.12
Baseline CD4 (50 cells) 0.90 (0.86,0.95) <0.01
Deaths due to non-AIDS-related causes
Male gender 0.84 (0.56,1.26) 0.40
IDU 4.96 (2.34,10.52) <0.01

lNegative interaction with time (p = 0.02)

2Negative interaction with time (p = 0.77)

aHR: Adjusted hazard ratio

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2010 August 1.



