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Abstract

OBJECTIVES—Since 2006, the British Columbia HIV/AIDS Drug Treatment Program (DTP)
has expanded enrollment and dramatically increased its number of participants. We examined the
effect this expansion has had on the underlying cause of death in HIV-infected individuals.

METHODS—We analyzed data from participants aged 18 years and older in the DTP to measure
two-year mortality rates and causes of death from 2001-2012. We conducted tests of trend for all-
cause and cause-specific mortality, and compared demographics and characteristics of individuals.
Cox proportional hazard models were used to determine the risk of death.

RESULTS—38,185 participants received ART during the study period. Mortality declined from
3.88 per 100 person-years (PYRS) in 2001-2002 to 2.15 per 100 PYRs in 2011-2012 (p=0.019).
We observed significant decreases in HIV-related deaths (2.34 to 0.56 per 100 PYRs; p=0.023) and
deaths due to chronic liver disease (0.20 to 0.09 per 100 PYRs; p=0.013), cardiovascular disease
(0.24 to 0.05 per 100 PYRs; p=0.026), and suicides (0.47 to 0 per 100 PYRs; p=0.003).
Multivariate models, adjusted for age, gender, history of injection drug-use, AIDS diagnoses and
baseline CD4 cell counts demonstrated that initiation of ART in all time periods after 2001-02
were independently associated with reduced mortality (0p<0.001).

CONCLUSIONS—We observed declines in HIV-related mortality and certain non-HIV related
causes of death among participants in the BC DTP over the study period. These findings suggest
that there may be broader benefits to the increasingly liberal HIV treatment guidelines, including
reductions in death due to cardiovascular disease and chronic liver disease.
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INTRODUCTION

Since the introduction of highly active antiretroviral therapy (HAART) in 1996, there has
been a significant reduction in HIV-related morbidity and mortality worldwide, in
comparison to earlier time-periods.? By 2006, the introduction of HAART was estimated to
have saved at least 3 million life years in the United States, with recent studies suggesting
that life expectancy of HIV-infected individuals now approaching that of the general
population.2

During the early HAART implementation era, numerous studies in Europe and North
America had demonstrated a significant reduction in mortality, AIDS, and AIDS-defining
ilinesses, along with large increases in life expectancy.>~’ However, early studies found
HAART to reduce mortality primarily in patients with initial CD4 cell counts <200
cells/mm.38 Later studies have since demonstrated a mortality benefit for individuals
initiating ART at higher CD4 cell counts, including >350 cells/mm,3.7:9.10 and even >500
cells/mm.311

These studies have led to serial revisions of clinical guidelines for HIV treatment, which
have now recommended the initiation of HIV treatment earlier in the course of HIV
disease.12-15 Recent studies suggest one-third of deaths in HIV-infected patients is AIDS-
related.16 In British Columbia, revised treatment guidelines have dramatically increased the
number of individuals receiving HAART since 2006. This expansion has also been
associated with further decreases in new HIV diagnoses in the province, suggesting that
reduced HIV transmission to be a secondary benefit of increased HAART coverage.1’
However, the effects of this secondary HAART expansion on the clinical outcomes among
HIV-infected individuals in BC has not been well studied. In this study, we undertook an
analysis of all individuals who received HAART in BC over a 12-year period (ie. 2001-
2012) in order to examine the impact of this secondary HAART expansion on all-cause
mortality and cause-specific mortality.

METHODS

Since 1992, the BC HIV/AIDS Drug Treatment Program (DTP) has provided free
antiretroviral medications to all medically eligible HI\-infected individuals residing in the
province. Data for this study was drawn from the BC HIVV/AIDS Drug Treatment Program
database; the BC DTP database is a population-based cohort of antiretroviral-naive HIV-
infected adults aged 18 years and older enrolled in the DTP.2® The current dataset includes
all individuals who initiated HAART between January 1, 2001 and December 31, 2012, with
follow-up extending to the end of 2013. Ethical approval for the BC DTP database was
provided by the University of British Columbia Research Ethics Board.

Details of the cohort have been described in more detail elsewhere.18 Briefly, physicians
enrolling an HIV-infected individual in the DTP complete a drug request form, which
included basic socio-demographic and clinical information. All viral load (VL) testing and
most CD4 testing in British Columbia is conducted in laboratories at St. Paul’s Hospital and
are uploaded regularly into the DTP database. Additional information including hepatitis C
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status, history of injection drug use (IDU) and CD4 cell counts for individuals who did not
have their CD4 cell count testing performed at St. Paul’s Hospital are obtained from
physician-reported values on the prescription refill forms. HAART therapy was defined as
receiving at least three ARVs, with at least one nucleoside reverse transcriptase inhibitor
(NRTI) and at least one ARV from another class (including non-nucleoside reverse
transcriptase inhibitors or protease inhibitor). Medication adherence, expressed as a
percentage, was estimated using pharmacy dispensing data by dividing the number of
medication-days for which HAART was dispensed by the number of days of follow-up in
the first year of treatment. Deaths were identified through record linkages with the BC Vital
Statistics Agency and we used ICD-10 codes for the underlying cause of death (see
Appendix 1).

We calculated all-cause and cause-specific mortality rates (per 100 person years) and
mortality ratios of all participants who were receiving HAART with observation time
divided into two-year periods. For each time period, participants were required to have
started HAART at least 3 months before the end of the period to be incorporated in the
analysis. We used the Cochran-Armitage trend test to examine trends in two-year mortality
rates.

We also investigated the timing of HAART initiation on mortality among those who started
treatment during the study period (again with participants divided into two-year periods of
when they initiated treatment). Socio-demographic and clinical characteristics of individuals
initiating HAART in each period were compared using Chi-square and Kruskal-Wallis tests.
Cox proportional hazards models were used to determine the association between the two-
year period of HAART initiation and the time to death. We included age, gender, presence of
AIDS-defining illness (ADI), history of injection drug use, and baseline VL and CD4 count
as potential covariates in the model, The final multivariate model was constructed using a
backward stepwise procedure, with era of HAART initiation forced into the model. All
analyses were conducted using SAS version 9.3 (SAS, Cary, North Carolina, United States).

RESULTS

A total of 8,185 DTP participants were receiving HAART at some point during the study
period. The number of the DTP participants increased 56% from 4,002 patients in 2001—
2002 to 6,244 in 2011-2012. All-cause mortality rates among all DTP participants remained
constant or slightly increased for the first six years of the study (3.88, 4.16, and 4.24 per 100
person-years [PYRs], respectively) before declining from 2007-08 onwards. Overall
mortality decreased 45% from 3.88 per 100 PYRs in 2001-2002 to 2.15 per 100 PYRs in
2011-2012 (p=0.02 for trend; Table 1 and Figure 1A). Kaplan-Meier curves for survival
grouped by the year of initiation of ART is available in the Supplemental Material
(Supplemental Figure 1).

HIV-related mortality decreased 60% from 2.34 per 100 PYRs in 2001-2002 to 0.93 per 100
PYRs in 2011-2012 (0=0.02 for trend), as did the mortality from cardiovascular disease,
chronic liver disease, and suicides (all p<0.05 for trend; Table 1 and Figure 1B). However
the overall mortality rate from these causes were much lower (all less than 0.5 per 100
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PYRs) than HIV-related mortality. There were no significant changes in overall non-HIV
related mortality rates, nor in those due to non-AIDS cancers, chronic respiratory diseases,
infectious and parasitic disease, unintentional injuries, and other causes of death (all £>0.05;
Table 1).

There were 4,790 new antiretroviral naive patients enrolled on HAART from January 2001
to December 2012. The number of individuals newly initiating treatment increased from 555
and 575 in 2001-02 and 2003-04, respectively to 659, 875, 901 and 847 in each of the
subsequent two-year periods or on average by 9.6% every two years (Table 2). There were
significant differences in baseline characteristics (e.g. Aboriginal ancestry, baseline CD4,
baseline VL) and outcomes (e.g. virologic suppression, AIDS defining illness, death) when
compared across time periods. These results are detailed in Table 2.

A total 4,589 antiretroviral naive patients were included in the Cox proportional hazards
model for death for individuals newly initiating HAART in each two-year time-period (Table
3). Enrollment into the DTP during the later periods was associated with reduced hazard
ratios, including 2003-2004 (adjusted hazard ratio [aHR] 0.53), 20052006 (aHR 0.69),
2007-2008 (aHR 0.59), 2009-2010 (aHR 0.45), and 2011-2012 (aHR 0.52), even after
adjustment for other covariates (p<0.001). Additional factors associated with death in the
adjusted model included age of HAART initiation, female sex, AIDS-defining illness before
ART, baseline CD4 count, and history of injection drug use. These results are detailed in
Table 3.

DISCUSSION

From 2001-02 to 2011-12, there was a 45% reduction in all-cause mortality rates among all
HIV-positive individuals receiving HAART in British Columbia. In addition to this overall
reduction in mortality, there were reductions in the rates of deaths from HIV-related causes,
and certain non-HIV related causes of death including cardiovascular diseases, chronic liver
diseases, and suicides. Furthermore, individuals initiating HAART in 2011-12 were half as
likely to die as those who initiated in 2001-02, irrespective of age, sex, history of injection
drug use, baseline CD4 cell count, and HAART adherence. These findings coincided with a
large expansion in HAART coverage in BC in 2006, and suggest that there may be broader
benefits to HAART expansion apart from reduced mortality from HIV-related causes.

While much of the recent attention on expanding HIV treatment in British Columbia has
focused on reductions in new HIV diagnoses,” it is clear that there remain important
clinical benefits for individuals already infected with HIV as well. Our findings highlight the
mortality benefits of increasingly liberal treatment guidelines for HAART initiation, which
now allow for treatment at higher CD4 cell counts. Despite the increase in median CD4 cell
count during our study period, we demonstrated that these reductions in all-cause mortality
and HIV-related mortality are independent of baseline CD4 count. These findings were
similar to those published previously by the Antiretroviral Therapy Cohort Collaboration
(ART-CC) from a slightly earlier time period. The ART-CC study included 43,355 patients
enrolled across Europe and North America between 1996 and 2005, and reported a nearly
40% reduction in crude mortality rates from 1996-1999 to 2003-2005.2 The authors
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reported a life-expectancy of nearly two-thirds that of the general population, with the
greatest mortality attributed to AIDS-defining illnesses. Furthermore, in a subsequent study,
the authors reported greatly increased mortality hazard ratios attributable to AIDS-defining
illnesses, including non-Hodgkin’s lymphoma, progressive multifocal leukoencephalopathy,
and others.*

That HAART can influence clinical outcomes related to common chronic diseases was first
suggested by The Strategies for Management of Antiretroviral Therapy (SMART).19 In
addition to death from opportunistic diseases, patients without virologic suppression had a
60% increased hazard ratio for major cardiovascular, renal, and hepatic disease.1® The
authors suggested that these events were associated with the level of immunodeficiency, and
that continuous virologic suppression could improve outcomes through modulating immune
function. Our results support these observations in that we observed reductions in rates of
death from cardiovascular disease and chronic liver disease in our cohort during this era.
Furthermore, the reductions in cardiovascular disease, chronic liver disease, and suicide in
our cohort were persistent after adjustment for age, sex, and baseline CD4 cell count. Rates
of death due to suicide were also significantly reduced in later time periods, however, it is
unclear as to how earlier HIV treatment may have caused this. One possibility is that by
engaging participants into HIV care earlier in the course of their illness, this may have
fostered earlier and better access to mental health care for HIV-infected individuals.

There was a significant increase in median CD4 cell count in individuals enrolled in the BC
DTP over the study period, from 170 to 370 cells/mm? in the final time period. This
coincided with changes in therapeutic guidelines to prescribe HAART for patients at
increasingly higher CD4 cell counts, and unexpectedly also reduced the absolute number of
individuals initiating therapy with very low CD4 counts. In 2001-02, HAART was
recommended to be initiated before CD4 cell counts were <200 cells/mm3, with 60% of our
cohort initiating therapy below this threshold.20 In contrast, only 20% of DTP participants
initiated therapy in 2011-12 with CD4 cell counts <200 cells/mm3. Since 2012, international
guidelines have recommended treatment of all HIV-infected individuals, irrespective of CD4
cell count.15 Significant reductions in HIV-related mortality attest to the efficacy of
broadening HAART enrollment. However despite initiating more people on treatment with
increasingly greater CD4 cell counts, HIV-related mortality still accounted for 25% of all-
cause mortality in the later time periods. This finding has been reproduced in other
populations and suggests that further improvements in clinical outcomes can be attained.16

Readers must be cautious when interpreting our results. Firstly, our database only includes
only HIV-infected individuals who have accessed HAART in BC and does not include all
HIV-infected individuals in the province. A previous study of mortality in the BC DTP
between 1997 and 2005, found that, 40% of HIV and AIDS-related deaths in BC occurred in
individuals who had never accessed treatment.2 Our study also only included individuals
who were residing in BC and whom the program was not aware had moved to other
provinces, and therefore individuals who started ART in BC but passed away in other
provinces would not be captured in our analyses. However, the number of such individuals
are likely quite small. We found that the proportion of the HIV deaths which occurred
among DTP participants reflected almost 80% of the total HIV-related deaths in British
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Columbia in 2009-2010 (vital statistics data for the complete 2011-2012 time period was
not available).22 This suggests that more HIV-infected individuals are accessing the DTP
than in previous years. Furthermore, our analyses are performed by separating patients based
on year of initiation of ART in two-year time periods. Differential results with adopting a
longer time period are possible, although this would significantly reduce the ability to detect
trends in our analyses. A further limitation is that our death data was recorded using ICD-10
coding based on physician assessments recorded on death certificates, which may be
inherently limited by accuracy. In particular, we noted an increase in the number of deaths
attributed to “other causes” of in 2009-10 and 2011-12. This increase was primarily due to
increases in ill-defined or unknown causes of mortality and we do not have an explanation as
to why this increase occurred for these time periods. Even though this increase was not
statistically significant, it may have affected the trends for other diseases for which there was
a known cause of death. Finally, since this is an observational study, we can only
demonstrate an association between HAART expansion and subsequent reductions in
mortality, but we cannot definitively prove causality. It is possible that other confounding
factors may have caused the mortality reductions that we observed.

In conclusion, HAART expansion in BC over the past decade has resulted in a significant
decrease in new HIV diagnoses and mortality, while increasing life expectancy.®7 In this
study, we clearly demonstrated a decrease in both all-cause and cause-specific mortality in
HIV-infected individuals participating in the BC DTP over the past decade. Apart from
reductions in HIV-related mortality, deaths from cardiovascular disease, chronic liver
disease, and suicide have also significantly reduced. Our work suggest that a secondary
benefit of increasing HAART coverage in BC is a reduction of non-HIV-related mortality,
irrespective of baseline health status.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

A. All-Cause and HIV-Related Mortality Rates for DTP participants receiving HAART
B. Cardiovascular and Chronic Liver Disease Mortality Rates for DTP participants receiving
HAART
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Table 3
Cox Proportional Hazards Model for Death among DTP Participants who initiated HAART in 2001-2012
(N=4589)
Unadjusted | Adjusted
Variable
HR 95% CI) | pvalue | HR (@5% C) | p-value
Year of initiation of ART
2001-2002 1.00 (-) 1.00 (-)
2003-2004 0.84(0.66, 1.06) 0.75(0.59, 0.95)
2005-2006 0.78(0.61, 1) 0.69(0.54, 0.88)
<0.001 <0.001
2007-2008 0.59(0.46, 0.76) 0.59(0.46, 0.76)
2009-2010 0.39(0.28, 0.53) 0.45(0.32, 0.61)
2011-2012 0.4(0.27, 0.58) 0.52(0.36, 0.77)
Age at ART Initiation 1.04(1.03, 1.04) | <0.001 | 1.04(1.04,1.05) | <0.001
Sex
Female 1.22(1.01,1.46) | 0.04 | 1.41(1.16,1.71) | <0.001
AIDS defining illness before ART
Yes 1.66(1.37,2.01) | <0.001 | 1.29(1.05, 1.58) 0.02
Baseline VL (log10 c¢/mL) | 1.5(1.28,1.77) | <0.001 | NAT
Baseline CD4 (per 100 cells) | 0.73(0.69, 0.78) | <0.001 | 0.79(0.74,0.84) | <0.001
Third drug of baseline therapy
Unboosted PI 1.00 (-)
Boosted Pl 1.22(0.81, 1.85)
0.26 NAT
NNRTI 1.04(0.69, 1.59)
Other 1.27(0.67, 2.43)
History of injection drug use
No 1.00 (-) 1.00 (-)
Yes 2.65(2.19,3.21) | <0.001 | 2.74(2.25,3.34) | <0.001
Unknown 2.38(1.88, 3.01) 2.98(2.35, 3.78)

fNA denotes variables that were not included in the adjusted model.
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