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Abstract 

Background: Within the context of aging with HIV in the combination antiretroviral therapy 

(ART) era, the set of four papers that make up this dissertation aimed to: summarize the 

existing evidence on the risk of myocardial infarction (MI) among people living HIV (PLHIV) 

(Chapter 2); characterize changes over time in rates and causes of death among HIV-

positive and HIV-negative individuals (Chapter 3); assess the impact of the changing 

causes of death on life expectancy and potential gains in life expectancy over time 

(Chapter 4); estimate the incidence of MI and its association with HIV infection, ART, and 

other explanatory variables, among HIV-positive and HIV-negative individuals (Chapter 

5). 

Methods: A systematic review and meta-analysis of MI risk among PLHIV was initially 

performed. Next, data from the COAST studya linked population-based, retrospective 

cohort study containing longitudinal data on over half a million HIV-positive and HIV-

negative adults in British Columbia (BC)were assessed to investigate several issues 

pertinent to aging with HIV. With the hope of producing evidence to inform relevant 

programmatic and clinical guidelines/policies among aging HIV-positive individuals, a 

series of analyses were performed to examine mortality changes over time, cause-deleted 

life expectancy, and the risk of MI among HIV-positive compared to HIV-negative 

individuals.  

Results: We observed significant declines in mortality and dramatic shifts in the causes 

of death between 1996 and 2012 among HIV-positive compared to HIV-negative 

individuals. Although HIV/AIDS continues to account for the greatest burden of mortality 

among PLHIV, other non-AIDS-defining conditions have become increasingly relevant. 

Consequently, our results suggest that managing cardiovascular diseases and non-AIDS-

defining cancers among PLHIV has the same effect on life expectancy in this population 

as in HIV-negative individuals. Increasing age, male sex, and HIV infection (including 

exposure to some ART regimens) were found to be associated with a higher risk of MI. 

Conclusion: Taken together, our findings highlight the increasing need to concurrently 

consider multiple factors, including HIV infection itself, other emerging non-HIV-related 

conditions, exposure to ART, and demographic and clinical risk factors, as part of the effort 

to address and improve the care of aging HIV-positive individuals.    
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Chapter 1. 
 
Background, Rationale and Objectives 

1.1. Abstract 

Chapter 1 sets the broad context for my doctoral work and provides an outline of the 

contents of the dissertation. I begin the chapter by providing an overview of the 

epidemiology of HIV, its burden on a global and local scale (Canada and then British 

Columbia), and how the introduction of combination antiretroviral therapy (ART) has 

dramatically transformed the health and survival outlook of those infected with the virus. 

Next, I describe some of the current challenges that have emerged as HIV-positive 

individuals grow old and age successfully in the ART era. Within this context of aging with 

HIV, I discuss the gaps in knowledge that underlie the focus of my doctoral work. Following 

this, I introduce the specific objectives and hypotheses of my research and describe the 

study setting and design for the individual analyses performed as part of my doctoral 

research. Finally, I end the chapter with an outline of the structure of the dissertation, 

including a brief overview of the contents of the subsequent chapters.  

 

1.2. HIV Epidemiology and Combination Antiretroviral 
Therapy 

The HIV/AIDS pandemic is one of the most important health threats of the 21st century 

and continues to be a major public health challenge globally. From the beginning of the 

pandemic until the end of 2015, over 35 million people around the world died as a result 

of HIV infection (1). In 2015 alone, an estimated 1.1 million people died from HIV-related 

causes. With 2.1 million new HIV infections in 2015, approximately 37 million people are 

now believed to be living with HIV (1). Although the burden of HIV is higher in low- and 

middle-income countries (1), it is still a significant health problem in high-income countries 

such as Canada. As of 2011, over 18,000 individuals died in Canada due to causes 

attributable to HIV infection, although the annual number of deaths has been decreasing 

since 1996 (2). Recent estimates from the Public Health Agency of Canada shows that 
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the number of people living with HIV (PLHIV) in Canada continues to rise, from an 

estimated 64,000 in 2008 to 75,500 as of the end of 2014, including an estimated 2,570 

new HIV infections in 2014 (2). Across Canada, the number of new HIV diagnoses has 

generally remained stable since 1995, except for Saskatchewan, where the number is 

increasing, and British Columbia (BC), where a steady decline has been observed (2, 3). 

It is widely believed that the decrease in the rate of new HIV diagnoses in BC is driven by 

the scaling up of combination antiretroviral therapy (ART) coverage, including the 

implementation of the Treatment as Prevention (TasP) strategy and other harm reduction 

programs (3).   

Indeed, HIV infection has claimed many lives and continues to. However, since the 

introduction of ART in 1996 as a treatment for HIV infection, the survival prognosis of 

PLHIV is considerably better and their life expectancy has increased significantly (4-7). 

ART is a combination of at least three anti-HIV drugs from different medication classes 

that helps to suppress HIV viral replication and is the standard treatment used for 

managing HIV disease (8). Although ART does not cure HIV, it has been shown to bring 

about considerable reductions in HIV/AIDS-related morbidity and mortality (5, 9-11) and 

has thus enabled PLHIV to live healthier and longer lives (5-7). ART has transformed HIV 

from what was once a fatal diagnosis—indeed, a disease that was often viewed as a death 

sentence—to a chronic condition that can be managed effectively with lifelong treatment.  

 

1.3. Aging With HIV: Current Issues 

Despite the success of ART in reducing HIV/AIDS-related morbidity and mortality, 

improving overall survival, and increasing the life expectancy of PLHIV, a growing body of 

evidence has demonstrated that several non-HIV/AIDS-related comorbidities are 

becoming increasingly common among PLHIV (12-14). As HIV-positive individuals are 

aging in the ART era, they now have more opportunity to develop age-related 

comorbidities such as renal diseases, liver diseases, cardiovascular diseases (CVD), and 

non-AIDS-defining cancers that are frequently observed in the older general population. 

HIV/AIDS, therefore, lies at the crossroads of many comorbidities. A consequence of this 

rising trend of comorbidities is multi-morbidity (15), which subsequently results in 

polypharmacy (16). 
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That these developments can complicate HIV care and management, especially with 

regards to managing HIV infection alongside concurrently occurring comorbidities, has 

become a source of growing concern for both PLHIV and their physicians (17). The 

increasing prevalence of aging HIV-positive individuals, therefore, presents new and 

exceptional challenges in terms of managing the complex future health needs of HIV-

positive men and women. Given the gradual shift in the epidemiologic and clinical profile 

of HIV-positive individuals and the limited understanding of the impact of these 

developments on the long-term prognosis as individuals age with HIV in the ART era (18), 

there is a need to characterize and better understand the determinants and impacts of 

these comorbidities on overall health and longevity over time. Furthermore, it is critical to 

understand how the frequency and risk of these comorbidities may differ from those 

observed in the general population. Such a comparison with the general population is 

frequently undertaken in chronic disease studies (19, 20). 

 

1.4. Rationale and Relevance of My Doctoral Work 

BC is one of the provinces where the majority of PLHIV in Canada reside (~18%) (3). In 

BC as well as in the rest of Canada, there is limited understanding and evidence regarding 

the changing nature of the causes of morbidity and mortality in the population of PLHIV in 

the ART era and how these compare to what is observed among HIV-negative individuals.  

Furthermore, within the HIV literature in general, it is unclear how the evolving changes in 

the causes of death may impact the current and future life expectancy of PLHIV. Will some 

of these increasingly observed causes of illness and death among PLHIV affect life 

expectancy importantly as was the case with HIV/AIDS until ART was introduced? Also, 

will they have a differential impact on the life expectancy of PLHIV compared to HIV-

negative individuals?  

Among the increasingly prevalent non-HIV/AIDS-related comorbidities, CVD is gaining 

prominence as an important health problem and is now one of the leading causes of death 

among HIV-positive individuals (14, 21). Despite its increasing relevance, issues around 

aging with HIV from a CVD perspective remain contentious. Moreover, although the risk 

of myocardial infarction (MI) among PLHIV—the most widely studied CVD outcome—has 
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been examined in other settings (22, 23), the evidence is inconclusive and there is a 

paucity of data regarding this risk in Canada specifically. Does HIV infection and exposure 

to ART regimens increase the risk of MI among PLHIV in a setting with universal health 

care and free access to ART?  

These gaps in knowledge necessitated this study. Within this context, generating local 

evidence around these issues will provide new insights that will help inform current and 

future HIV care and management strategies and add to the growing literature on these 

topics.  

 

1.5. Conceptual Framework 

Historically, explanations to understand the findings of studies on the epidemiology, 

clinical aspects, and impact of HIV/AIDS among PLHIV have been primarily based on the 

biomedical model of disease and individual/behavioral approaches, where the burden of 

disease was assumed to relate to clear-cut etiology (i.e., the HIV virus), specific population 

group (e.g., men who have sex with men), prevention program (e.g., sexual abstinence-

only programs), and treatment strategies (e.g., ART) (24, 25). As is becoming increasingly 

evident (26, 27), such construct alone does not fully characterize the complexity of the 

HIV/AIDS epidemic nor is it particularly useful in addressing the challenges with the 

disease or coming up with long-term and sustainable solutions to the health problems 

facing PLHIV today.  

In terms of the conceptual framework, my doctoral work draws upon two intersecting 

theories, namely: (i) the Life Course Perspective in Health; and (ii) the Syndemic Theory 

in HIV/AIDS. The Life Course Perspective in Health takes into consideration the 

simultaneous interplay of multiple factors—acting and reacting—to shape the health 

outcomes experienced by people during their lifetime (28). These factors may include our 

biology (e.g., sex), socio-demographic (e.g., age, race, gender—a socially derived 

construct), socio-economic (e.g., income and social position including geography—where 

people live), individual/personal lifestyle choices and behaviours (e.g., smoking, 

substance use and abuse), structural (e.g., unstable housing, homelessness, 

criminalization of drug use, criminalization of sex work) and environmental (e.g., exposure 
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to air pollutants) elements—all of which are unique features in themselves, but which can 

sometimes intersect to exacerbate the important role they individually play in shaping 

human health experience. The Syndemic Theory in HIV/AIDS, first introduced by Singer 

(27), discusses how a broader set of political, economic, and social factors connive to 

bring about a set of interconnected problems such as drug abuse, mental health, and 

addiction, which additively increase a human’s vulnerability to diseases and contributes to 

the overall burden of disease in a population. Syndemic is a term with origins in medical 

anthropology and refers to the co-occurrence of multiple diseases or health problems that 

synergistically interact to exacerbate the resultant burden of disease (29). 

The common thread linking these two frameworks is broadly centred around the social 

determinants of health, which briefly refers to the range of social, economic and 

environmental factors that influence an individual’s health or that of a population. The 

impact of the social determinants of health is clearly apparent in HIV/AIDS and was 

postulated as a major explanation for the heightened vulnerability to poor health outcomes 

including AIDS among socio-economically disadvantaged individuals in the northeastern 

USA (30). In this context, Singer (27) views HIV/AIDS as “a disease of compromised 

health and social conditions, a disease of poverty” and, therefore, reconceptualized it 

within a broader syndemic that includes many other health problems.  

Based on the underlying themes in the proposed conceptual frameworks discussed 

above, especially in relation to the intersection between the social determinants of health 

and multiple co-occurring conditions (including HIV/AIDS, mental health, substance use 

addiction, age-related comorbidities such as renal diseases, liver diseases, CVD, and non-

AIDS-defining cancers), my work draws upon these theories and uses them as a lens to 

better understand how they synergistically contribute to shaping the overall disease 

burden and life expectancy experience of HIV-positive and HIV-negative populations.  

 

1.6. Objectives and Hypotheses 

The overarching aim of my doctoral work is to generate evidence related to aging with HIV 

in the ART era in terms of the evolution of the causes of morbidity and mortality over time, 

its impact on life expectancy, and the risk of MI among HIV-positive individuals compared 
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to HIV-negative individuals. Although the empirical data from this work will be specific to 

BC, the findings may be generalizable to other Canadian and international jurisdictions 

with comparable health care systems and treatment strategies. 

The specific objectives and hypotheses are:  

1. To systematically review the literature on CVD and perform a series of meta-

analyses to estimate the risk of MI in HIV-positive individuals according to 

stratifications by HIV status or exposure to ART. It is hypothesized that the 

risk of MI among HIV-positive individuals will differ according to exposure to 

specific ART class or regimen. 

2. To characterize the changes in mortality rates and causes of death over time 

in a population-based cohort of HIV-positive individuals in BC and compare 

these patterns of death to those observed in a random sample of HIV-negative 

individuals drawn from the general population in BC over the same period. It is 

hypothesized that the causes of death will change progressively over time, 

and deaths from chronic conditions and other complications associated with 

natural aging will be increasingly frequent among HIV-positive men and 

women. 

3. To examine the impact of specific causes of death on life expectancy in terms 

of the changes in cause-deleted life expectancy and potential gains in life 

expectancy (PGLE) over time among HIV-positive compared to HIV-negative 

individuals in BC. It is hypothesized that the effects of CVD-related deaths on 

overall life expectancy will increase substantially with time among HIV-positive 

individuals. 

4. To estimate the risk of MI in a population-based cohort of HIV-positive 

individuals compared to a control group of HIV-negative individuals in BC. It is 

hypothesized that HIV-positive individuals will have a higher risk of MI 

compared to HIV-negative individuals. 
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1.7. Study Setting and Design 

Except for the meta-analysis of MI (Chapter 2 [Objective 1]), where data collected as part 

of a systematic literature review were used, the individual studies (Chapter 3 [Objective 

2]; Chapter 4 [Objective 3]; and Chapter 5 [Objective 4]) conducted as part of my doctoral 

work were based on population-level data from the Comparative Outcomes And Service 

Utilization Trends (COAST) study. 

1.7.1. The COAST Study 

The COAST study, which follows a retrospective cohort study design, is a large, 

population-based study comprised of two distinct cohorts: (i) all known HIV-positive adults 

(≥ 19 years of age) in BC (n = 13,907); and (ii) a comparison cohort of HIV-negative adults 

identified from a 10% random sample of the general population in BC (n = 516,340). In 

brief, COAST was designed to characterize health outcomes and health care utilization of 

PLHIV since the introduction of ART and to evaluate differences in these parameters from 

those observed in the general population. The study contains a broad range of de-

identified health-related data arising from a unique data linkage between two provincial 

data sources: (1) the British Columbia Centre for Excellence in HIV/AIDS (BC-CfE) Drug 

Treatment Program (DTP) (31), which centrally manages the distribution of ART in BC; 

and (2) Population Data BC (32), which is a province-wide data holding containing 

population health data for all British Columbians. These data sources are further described 

in subsequent sections below.  

In terms of recruitment, participants were recruited into the study in the period between 

April 1, 1996 and March 31, 2013 based on meeting the age eligibility criterion (≥ 19 years 

of age), being HIV-positive (for the HIV-positive cohort), and being residents of BC. HIV 

diagnosis was based on the presence of at least one detectable HIV plasma viral load 

(pVL) and/or an initiation of ART as indicated in the BC-CfE Drug Treatment Program 

registry. The HIV case identification was supplemented through administrative health 

records review of International Classification of Diseases (ICD) 9 and 10 codes for records 

with at least one documentation of having received care for an HIV/AIDS-related medical 

condition or death. The following HIV-related ICD 9/10 codes were used: (i) ICD-9 codes 

042–44, V08, 795.71, 795.8; (ii) ICD-10 codes B20-24, R75, Z21; and (iii) ICD-10-CA 

codes B20-24, R75, Z21. To avoid potential misclassification, we applied a validated HIV 
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case-finding algorithm—an additional criteria of one or more inpatient and/or three or more 

outpatient ICD-9/10 codes—to potential cases identified within administrative health 

records (33). The random sample in the COAST study was created by executing a 

computer-generated simple random sampling technique to draw a 10% sample from a 

combined pool of all distinct individuals with a Personal Health Number (PHN) in the 

general population of BC who met the age eligibility criterion between April 1, 1996 and 

March 31, 2013. The PHN is a unique identifier that tracks health care system encounters 

for all BC residents. Based on the 10% randomly generated sample of adults from the 

general population of BC, the HIV-negative comparison cohort was created by excluding 

all known HIV-positive individuals. 

1.7.2. The BC-CfE Drug Treatment Program 

Established in 1992, the BC-CfE Drug Treatment Program has been mandated by the BC 

provincial government to manage the distribution of ART, which is accessible at no cost 

to all PLHIV living in BC (4). To monitor the trajectory of HIV disease, including the clinical 

and virologic outcomes of PLHIV, this program maintains a database that prospectively 

collects demographic, immunologic, virologic, ART use, and other clinical data on all HIV-

positive individuals who have ever accessed ART through the BC-CfE. The guidelines 

informing the treatment strategies for PLHIV in BC reflect current evidence and best 

practices as put forward by the BC-CfE therapeutic guidelines committee (34) and have 

been generally consistent with those published by the International Antiviral Society-USA 

panel (35, 36).  

1.7.3. Population Data BC 

Population Data BC is BC’s repository of individual-level longitudinal data from health 

administrative databases—data that are collected by public bodies such as the BC 

Ministry of Health and BC Cancer Agency, for all 4.6 million BC residents (32). These data, 

which are electronically stored at Population Data BC, are used mainly for cross-

disciplinary research on the determinants of health, well-being, and development. As part 

of a legally binding research agreement, Population Data BC makes these data available 

to researchers for the purposes of research. They also facilitate linkages of these data to 

external data sources (e.g., BC-CfE DTP), such as the linkage we performed in the 

COAST study. Population Data BC holds a broad array of data including health care and 
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health services data, population and demographic data, occupational health data, early 

childhood data, and integrated cadastral data.  

1.7.4. Data Linkage 

The data linkage performed between the BC-CfE DTP and Population Data BC as part of 

the COAST study enhanced the comprehensiveness of the study’s data. It allowed us to 

link records belonging to the same individual across multiple data sources and over time. 

In terms of the process, data linkages were performed by matching individuals in the HIV-

positive and HIV-negative cohorts to BC Ministry of Health registries and other 

administrative data sets through established linkage techniques including manual, 

deterministic, and probabilistic matching. Following linkage, the identifying data used for 

the linkage process were separated from the content data and the final de-identified data 

were assigned with new non-identifying record IDs. Although the final linked data were de-

identified and void of any identifying information, personal identifiers such as an 

individual’s name, date of birth, and unique PHN were used to facilitate the linkage 

process. The process of data linkage (37) was conducted by Population Data BC and 

approved by data stewards representing the various data providers, namely the BC-CfE, 

BC Cancer Agency, BC Ministry of Health, BC Vital Statistics Agency, and PharmaNet. 

Specific to the COAST study, the linked dataset includes data containing information on 

medically necessary health services covered by the BC Medical Services Plan (MSP) 

(BC's universal insurance program) (38); Consolidation file (central demographics file) 

(39); Discharge Abstract Database (records of hospitalizations) (40); data from 

PharmaCare (BC's public drug insurance program) (41); PharmaNet (all prescription 

drug dispensations) (42); mental health and cancer diagnoses and care data (43, 44). In 

addition, it also includes population, demographic, and geographic data such as age and 

sex, geo-spatial codes indicating residence to the three-digit postal code level, as well as 

mortality data on BC residents (39, 45). The administrative data—namely, MSP Payment 

Information File (38); Consolidation file (39); Discharge Abstracts Database (Hospital 

Separations file) (40); PharmaCare (41); and PharmaNet (42); Mental Health (43); BC 

Cancer Agency Registry Data (44); and Vital Statistics Deaths (45) —are collected 

longitudinally and housed in Population Data BC, which is located at the University of 

British Columbia, Vancouver. Except for HIV-specific information, data on other disease 

and health outcomes such as injury can be assessed longitudinally within the COAST 
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study using validated ICD-9/10 diagnostic codes reflecting the specific health or disease 

state. Therefore, the assessment of disease-specific states is limited by the accuracy of 

the ICD-9/10 coding used for attribution of these states.  

1.7.5. Ethical Approval 

Ethics approval for the studies conducted as part of my doctoral work, including applicable 

approvals for the COAST study, were obtained from the Simon Fraser University Office of 

Research Ethics and the University of British Columbia/Providence Health Care Research 

Ethics Board. The study complies with the BC Freedom of Information and Protection of 

Privacy Act (FIPPA) and did not require informed consent, as it was conducted 

retrospectively for research and statistical purposes only using anonymized data.  

 

1.8. Overview of Dissertation 

This paper-based dissertation consists of four analytic chapters that are organized 

chronologically according to the specific objectives of the dissertation, as well as this first 

descriptive introductory chapter and a final summary and discussion chapter.  

Chapter 1 provides a synopsis of the background, rationale, and aims underlying this 

doctoral research endeavour. In addition, I describe in detail the development and make-

up of the COAST study, which formed the basis for most of the analyses performed as 

part of my doctoral work. I am currently working on a manuscript describing the COAST 

study (‘cohort profile’ manuscript) and will submit it for publication consideration as soon 

as it is completed.  

Chapter 2 is a systematic review and meta-analysis of the risk of MI among PLHIV. A 

manuscript describing the methods and results of the systematic review and meta-analysis 

has been submitted for publication and is currently under review.  

Chapter 3, published in the BMC Infectious Diseases journal (46), characterizes how 

mortality rates and causes of death have changed in the period between ART introduction 

in 1996 and 2012 among HIV-positive and HIV-negative individuals in BC.  
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Chapter 4 extends the findings from Chapter 3 by examining the potential shifting impact 

of various causes of death on the life expectancy of HIV-positive compared to HIV-

negative individuals in BC, in terms of the cause-deleted life expectancy and potential 

gains in life expectancy over time. This study is particularly novel in that it is the first to 

characterize the effects of the changing causes of death on life expectancy among HIV-

positive individuals. A manuscript of this analysis has been submitted for publication and 

is currently under review.  

Chapter 5 addresses a similar research question as Chapter 2 but uses a different 

analytical strategy and examines the issue from a specific geo-political context—the BC 

experience. Using data from the COAST study, this chapter examines the risk of MI among 

a cohort of HIV-positive individuals in BC compared to HIV-negative individuals. 

Chapter 6 summarizes the findings from the individual studies (Chapters 2 to 5) and 

discusses the implications of these findings for research and policy. Guided by the 

collective findings from Chapters 2 to 5, I make public health recommendations pertinent 

to the management of the men and women living and aging with HIV in BC and elsewhere. 
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Chapter 2.1 
 
Risk of Myocardial Infarction Among People Living 
with HIV: An Updated Systematic Review and Meta-
analysis  

2.1. Abstract 

Background: Cardiovascular disease (CVD) is one of the leading non-AIDS causes of 

death among HIV-positive individuals. However, the evidence surrounding specific 

components of CVD risk remains inconclusive. We conducted a systematic review and 

meta-analysis to estimate the relative risk (RR) of myocardial infarction (MI) among HIV-

positive compared to HIV-negative individuals. We examined MI risk within subgroups of 

HIV-positive individuals according to exposure to combination antiretroviral therapy (ART), 

ART class/regimen, CD4 cell count, and viral load levels.  

Methods: We searched MEDLINE, EMBASE, Cochrane Central Register of Controlled 

Trials (CENTRAL), and Cochrane Database of Systematic Reviews up until April 6, 2017. 

Furthermore, we scanned recent HIV conference abstracts (CROI, IAS/AIDS) and the 

bibliographies of relevant articles. We included original studies published after December 

1999 that reported comparative data relating to the rate of MI among HIV-positive 

individuals. Data were pooled using random-effects meta-analysis.   

Results: Of the 7,888 identified records, 31 were included in the review. The pooled RR 

suggests that HIV-positive individuals have a greater risk of MI compared to HIV-negative 

individuals (RR=1.60; 95% confidence interval [CI]: 1.42-1.81). Depending on risk 

stratification, there was moderate variation according to ART uptake (RR for ART-treated 

HIV-positive individuals vs. HIV-negative individual = 1.80; 95% CI: 1.17-2.77; RR for 

ART-untreated HIV-positive individuals vs. HIV-negative individual: 1.25; 95% CI: 0.93-

1.67). We found certain ART characteristics including cumulative ART exposure, 

                                                 
1 A version of this chapter has been submitted for publication: O. Eyawo, G. Brockman, C.H. 
Goldsmith, M.W. Hull, S.A. Lear, M. Bennett, S. Guillemi, C. Franco-Villalobos, E. Mills, J.S.G. 
Montaner, R.S. Hogg. Risk of myocardial infarction among people living with HIV: an updated 
systematic review and meta-analysis 
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any/cumulative use of protease inhibitors as a class, and specific ART drugs (e.g., 

abacavir) to be importantly associated with greater MI risk.  

Conclusion: These results indicate that HIV infection, abacavir exposure, and cumulative 

ART use in general, including certain exposure to specific ART class/regimen, are 

associated with an increased risk of MI.  

 

2.2. Introduction 

Cardiovascular disease (CVD) is one of the leading non-AIDS causes of death and 

disability among people living with HIV (PLHIV) in the combination antiretroviral therapy 

(ART) era (1, 2). Although HIV-positive individuals are believed to be at higher risk of CVD 

compared to HIV-negative individuals (3, 4), the results and conclusions from the studies 

that have examined the nature of the risk of CVD, in particular myocardial infarction (MI), 

among HIV-positive individuals have been conflicting. While some cohort studies have 

suggested a positive association between ART including specific drug (e.g., abacavir) or 

drug class (e.g., protease inhibitors [PI]) use and MI or CVD risk (5-9), others have not 

(10-12). Furthermore, there has been a lack of agreement between observational studies 

(8, 11, 13) and randomized controlled trials (RCT) (14, 15). Therefore, the evidence 

regarding the nature and extent of the risk of MI and other CVD events among HIV-positive 

individuals is far from uniform.  

Four meta-analyses have been previously conducted in an attempt to synthesize the data 

on CVD risk among HIV-positive individuals (16-19). The four studies were limited in scope 

by one of the following: assessing only the association between ART use and risk of CVD 

(16); including trials that lacked MI event adjudication (17); including trials where CVD 

events were not among the pre-specified outcomes of interest (18); or amalgamating all 

CVD events (e.g., MI, stroke) as a single outcome (19). In addition, this latter meta-

analysis was fraught with a number of methodological ambiguities (20).  

Given these limitations, coupled with the publication of several new and updated study 

reports on the topic, we sought to undertake an updated systematic review and meta-

analysis of studies assessing the risk of CVD among PLHIV. Considering the scope, 

diversity, and differences in the etiology of CVD events, coupled with the complexity 
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surrounding the available evidence, we elected to focus primarily on MI as the outcome of 

interest for this meta-analysis, as it is the most widely researched CVD outcome among 

HIV-positive individuals. The objective of our study was to estimate the risk of MI among 

HIV-positive relative to HIV-negative individuals. Additionally, we examined MI risk within 

subgroups of HIV-positive individuals according to exposure to ART, ART class, specific 

ART regimen, CD4 cell count, and plasma viral load (pVL) levels. 

 

2.3. Methods 

2.3.1. Search Strategy and Selection Criteria 

The systematic review and meta-analysis were performed in accordance with the PRISMA 

Statement (21). A protocol describing the inclusion criteria and analysis methods for this 

systematic review was specified in advance, registered and published in the international 

prospective register of systematic reviews (PROSPERO) (22).  

The search strategy (see Appendix Table A1) was developed in consultation with a 

medical librarian at Simon Fraser University, British Columbia (BC), Canada. The search 

terms were based on a combination of indexed and free-text terms reflecting clinical 

outcomes of interest to the review and included the following keywords: HIV; human 

immunodeficiency virus; acquired immunodeficiency syndrome; HIV/AIDS; stroke; 

myocardial infarction; cardiac death; cerebrovascular disease; ischemic heart disease; 

cardiovascular disease; and CVD. These terms were used in combination to execute the 

searches, which were current up to April 6, 2017. Using the Ovid platform, we searched 

the following electronic databases: MEDLINE, EMBASE, Cochrane Central Register of 

Controlled Trials (CENTRAL), and the Cochrane Database of Systematic Reviews. In 

addition, we screened the abstracts from several years of the International AIDS Society 

Conference (AIDS 2012, 2014, 2016; IAS 2013) and the Conference on Retroviruses and 

Opportunistic Infections (CROI 2014, 2015, and 2016). We also searched the reference 

lists of relevant articles and previous systematic reviews for additional eligible publications. 

Finally, we set up automatic PubMed literature alerts to identify any new relevant article 

published while the review was under development.  
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We included original research published in English where at least one of the participant 

groups were PLHIV and presenting comparative data on the incidence of either MI, stroke, 

cardiac death, or composite CVD outcome. We included studies in which results were 

stratified according to HIV status, CD4 cell count, pVL levels, ART use, or exposure to 

particular ART class or regimen. Studies involving non-human populations, children, as 

well as those reporting only intermediate, surrogate, or CVD biomarker outcomes were 

excluded (for additional information, see ‘study selection’ in Appendix A). To reflect the 

current context of HIV treatment and disease management, we selected studies published 

from the year 2000 onwards. Although both observational studies and RCTs were eligible 

for inclusion, we did not include RCTs that were not designed to assess CVD events as a 

pre-specified outcome to avoid bias. Working independently and in duplicate, two 

reviewers (OE and GB) scanned the titles and abstracts of the retrieved records for 

eligibility. The full-text articles of potentially eligible studies were obtained and reviewed in 

greater details. Disagreements in study selection were resolved through discussion and, 

where necessary, a third investigator (RSH) was invited to facilitate consensus.  

2.3.2. Data Extraction and Quality Assessment 

The same two reviewers (OE and GB) conducted data extraction independently using a 

pre-designed data abstraction sheet. We extracted data on study descriptors, sample 

characteristics, outcome assessment, risk estimate for relevant comparisons, and study 

quality features. Where necessary, we sought clarification directly from study authors 

through email contact. In cases where data from the same study described the same event 

risk in multiple publications, we extracted data from the most comprehensive report while 

supplementing missing information from the others.  

The quality of the included studies was assessed according to risk of bias criteria based 

on the type of study design. Briefly, for RCTs we evaluated the adequacy of reporting of 

the following key validity domains (23): sequence generation; allocation concealment; 

blinding; selective outcome reporting; description of loss to follow-up; use of intent-to-treat 

analysis; and funding source. For observational studies, we evaluated the reporting of 

study design features including participant selection, comparability of groups, exposure, 

and outcome assessments (24). 



20 

2.3.3. Data Analysis 

We calculated the kappa statistic as a measure of the inter-reviewer agreement for the 

selection of articles meeting the inclusion/exclusion criteria. For interpretation, we defined 

a priori the interval for the kappa result using Landis and Koch criteria (25). For effect 

measure, we assumed the incidence rate ratio (IRR), odds ratio (OR), and hazard ratio 

(HR) with corresponding sampling variance to be numerical approximate measures of the 

relative risk (RR) for a given association of interest with the underlying assumption of a 

generally low event risk (< 20%) (26), and thus combined them as previously described 

(27-29). We tested this assumption in sensitivity analyses by performing separate meta-

analyses where studies presenting results reported using a similar effect measure type 

were pooled. For modelling purposes, the random-effects model was selected a priori over 

the fixed effects model, as the purpose of the meta-analysis was to provide an 

unconditional inference about the set of potential studies available for a given research 

question, based on the studies eventually included in the meta-analysis, which were 

assumed to be a random sample of all available studies (30, 31). Given the expected 

variability among eligible studies, we pooled studies using the DerSimonian-Laird random-

effects model (32). To minimize bias in our pooled estimates, adjusted risk estimates were 

not combined with unadjusted estimates. The final set of studies that adjusted for 

confounders did not consistently adjust for the same set of confounders but were deemed 

to have sufficient internal validity to permit pooling. Given the limitations of the I2 statistics 

with observational studies and Cochran Q test when the number of studies is small (33, 

34), we assessed heterogeneity by visual inspection of the forest plots, although the I2 and 

Cochran Q are reported in the plots for completeness sake. We were unable to perform 

meta-regression analyses to assess the potential effect of study-level covariates on the 

pooled estimate due to insufficient studies (< 10) (23) in each of the meta-analyses. A p-

value < 0.05 was considered statistically significant. The meta-analysis was conducted 

using the metafor package of the R statistical program (version 3.3.1) (31).  

 

2.4. Results 

Of 7,888 records identified through the database search, the final screening process 

yielded 55 potentially eligible publications—31 of these had relevant data on MI and were 
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included in this meta-analysis (Figure 2.1). Overall, there was near perfect agreement 

between reviewers on the inclusion of studies (kappa statistic = 0.94; 95% confidence 

interval [95%CI]: 0.89, 0.99). The included studies, most of which were conducted in the 

United States and Europe, were published between 2000 and 2016 (see Appendix Table 

A2: characteristics of the included studies). The mean duration of follow-up varied across 

studies from approximately two to eight years. All 31 publications were non-randomized 

studies and included two nested case-control studies (11, 35), one cohort/nested case-

control study (36), and 28 cohort studies, 12 of which were prospective studies, by design 

(3, 7, 8, 13, 37-44). Twenty-six studies were published as full-text journal articles, while 

the rest were available as conference abstracts.  

In general, the quality of the studies was considered to be low to moderate. Five studies 

did not provide sufficient information necessary to assess the study quality, as they were 

reported and available as conference abstract/poster only (38, 45-48). The eligibility 

criteria were clearly defined in the majority of studies (94%) and the description of study 

participants/groups was sufficient (100%); however, the exposure or outcome was not 

adequately ascertained in 14 studies (45%) (8, 12, 36, 41, 44, 47, 49-55), two (14%) of 

which were published as abstracts (46, 47) (see Appendix Table A3: risk of bias in the 

included studies). 

2.4.1. Meta-analysis of the Risk of MI 

Below, we summarize the results of the meta-analyses of MI risk according to the various 

risk stratifications assessed. To avoid duplication of reporting, only statistically important 

RR are stated in text, although both statistically significant and insignificant results are 

presented in the figures (forest plots).  

HIV serostatus 

The pooled RR from the five studies that met eligibility for the assessment of MI risk 

according to HIV serostatus suggests that HIV-positive individuals are more likely to have 

an MI event compared to HIV-negative individuals (RR: 1.60; 95%CI: 1.42, 1.81) (3, 36, 

54, 56, 57). In post hoc analysis, two lower quality studies were added to the meta-analysis 

(46, 48). This led to an increase in the magnitude of the risk (RR: 2.02; 95%CI: 1.60, 2.55). 

Figure 2.2 shows the forest plots for the association between HIV serostatus and MI risk. 
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Two studies assessed the risk of MI by HIV serostatus according to whether ART 

treatment was received (41, 58). Relative to HIV-negative individuals, the pooled RR of 

MI was significantly higher among ART-treated HIV-positive individuals (RR: 1.80; 95%CI: 

1.17, 2.77) but not ART-untreated HIV-positive individuals (RR: 1.25; 95%CI: 0.93, 1.67).  

CD4 cell count and plasma viral load 

The pooled RR based on combining data from three studies suggests that low CD4 cell 

count (< 200 cells/mm3) is associated with higher MI risk compared to CD4 ≥ 200 (RR: 

1.60; 95%CI: 1.25, 2.04) (3, 38, 51). Conversely, a high pVL (≥ 100,000 copies/mL) was 

found to be associated with increased MI risk compared to pVL < 100,000 (RR: 1.45; 

95%CI: 1.11, 1.90), based on the pooled results from two studies (Figure 2.3) (44, 51).  

Recent treatment exposure compared to not recent exposure 

With regards to recent treatment exposure (i.e., within the preceding six months), four 

eligible studies with data on nucleoside reverse transcriptase inhibitors (NRTI) exposure 

assessed the risk of MI associated with recent compared to not recent abacavir exposure 

(36, 37, 45, 49). The pooled result from these four studies suggests that recent abacavir 

exposure is associated with increased risk of MI compared to not recent exposure (RR: 

1.71; 95%CI: 1.39, 2.10). Similarly, recent didanosine (RR: 1.29; 95%CI: 1.04, 1.60) (36, 

39, 49) and lamivudine (RR: 1.50; 95%CI: 1.18, 1.90) (13, 36, 49), exposure is associated 

with increased risk of MI compared to not recent exposure. In contrast, there was no 

association between recent tenofovir (36, 39, 49), zidovudine (13, 36, 49), stavudine (13, 

36, 49), and emtricitabine (36, 49) exposure and MI risk compared to not recent exposure 

(Figure 2.4). Based on pooling data from two studies with data on non-nucleoside reverse 

transcriptase inhibitors (NNRTI) exposure (36, 49), no association was found between 

recent efavirenz or nevirapine exposure and MI risk compared to not recent exposure 

(Figure 2.5). Based on pooled results from the studies assessing the MI risk of individual 

PIs, recent indinavir exposure was associated with increased MI risk compared to not 

recent exposure (RR: 1.46; 95%CI: 1.08, 1.95) (36, 49). Recent exposure to other PI 

regimens including atazanavir (36, 49), lopinavir (36, 49), ritonavir (36, 49), nelfinavir (36, 

49), and saquinavir (36, 49) was not found to be significantly associated with MI risk 

compared to not recent exposure (Figure 2.6).  
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Any treatment exposure compared to no exposure  

In terms of any treatment exposure, our meta-analysis did not find an association between 

exposure to ART and risk of MI compared to no exposure (Appendix Figure A1) (43, 58). 

Based on the pooled results from six studies with data on NRTI exposure (8, 11, 13, 36, 

47, 51), individuals receiving abacavir were more likely to have an MI compared to those 

who did not receive abacavir (RR: 1.58; 95%CI: 1.25, 2.00). We found a similar association 

between didanosine exposure and MI risk (RR: 1.48; 1.16, 1.90) (13, 36, 51). No important 

association was found between exposure to tenofovir (36, 51), zidovudine (13, 36), 

stavudine (13, 36, 51), and emtricitabine (36, 51) and MI risk, based on our pooled results 

(Appendix Figure A2). The meta-analysis of studies with data on NNRTI exposure did not 

find any evidence of an association between either efavirenz (36, 52) or nevirapine 

exposure (36, 51) and MI risk compared to no exposure (Appendix Figure A3). The pooled 

RR from four studies demonstrates that PI exposure is associated with an increase in the 

risk of MI events compared to no exposure (RR: 1.49; 95%CI: 1.16, 1.91) (3, 6, 42, 47). 

When the analysis was limited to two studies comparing recent PI exposure to no 

exposure (3, 47), similar results were found (RR: 1.40; 95%CI: 1.16, 1.69 [data not 

shown]). For the individual PIs, there was no association between atazanavir (36, 51, 53), 

saquinavir (36, 51), or nelfinavir exposure (36, 51) and MI risk compared to no exposure 

(Appendix Figure A4). 

Cumulative treatment exposure per year of exposure 

With regards to cumulative treatment exposure, three eligible studies provided relevant 

data regarding the risk of MI and cumulative ART exposure (12, 51, 55). We found that 

cumulative exposure to ART was associated with an increase in the risk of MI per year of 

exposure (RR: 1.12; 95%CI: 1.06, 1.18) (Appendix Figure A5). For exposure to NRTI 

regimens, we estimated an increase in MI risk per year of exposure to abacavir (RR: 1.08; 

95%CI: 1.01, 1.15) based on pooling data from two eligible studies (12, 39). Similar to 

abacavir exposure, cumulative zidovudine exposure was associated with an increase in 

MI risk per year of exposure (RR: 1.05; 95%CI: 1.01, 1.10) (11, 13). There was no 

association between cumulative exposure to didanosine (11, 13), tenofovir (11, 39), 

lamivudine (11, 13), or stavudine (11, 13) and MI risk per year of exposure (Appendix 
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Figure A6). The overall RR suggests that cumulative NNRTI exposure as a class (RR: 

1.02; 95%CI: 0.97, 1.08) (40, 55, 58) or as individual drugs (nevirapine and efavirenz) (11, 

39) is not significantly associated with increased risk of MI events per year of exposure 

(Appendix Figure A7). Three eligible studies reported data assessing the risk of MI 

associated with cumulative exposure to PIs as a class (40, 55, 58). There was an increase 

in risk of MI per year of exposure to PIs (RR: 1.14; 95%CI: 1.03, 1.26). For individual 

drugs, cumulative exposure to lopinavir with ritonavir (RR: 1.19; 95%CI: 1.03, 1.39) (11, 

39), but not nelfinavir (11, 39), was found to be associated with an increase in the risk of 

MI events per year of exposure (Appendix Figure A8). 

The strength and direction of the overall RR from the various meta-analyses remained 

robust in sensitivity analyses where only estimates reported using similar effect measures 

were pooled. For example, HIV-positive individuals continued to have higher risk of MI 

events compared to HIV-negative individuals when pooled using either IRRs (overall 

effect: 1.56; 95%CI: 1.26, 1.95) or HRs (overall effect: 1.75; 95%CI: 1.24, 2.48) effect 

measures only, compared to a RR of 1.60; 95%CI: 1.42, 1.81, obtained from pooling 

results reported using multiple relative effect measures (Figure 2.2).   

 

2.5. Discussion 

This updated systematic review and meta-analysis assessing the risk of MI among PLHIV 

reflects contemporary evidence from the modern ART era and found the following: (1) 

HIV-positive individuals have a greater risk of MI compared to HIV-negative individuals; 

and among PLHIV, (2) low CD4 cell count (< 200 cells/mm3) and high pVL (> 100,000 

copies/mL) are associated with increases in MI risk compared to higher CD4 cell counts 

and lower pVL; (3) cumulative ART exposure is associated with a greater risk of MI per 

year of exposure; (4) among NRTIs, any type of exposure to abacavir, cumulative 

exposure to zidovudine, and recent exposure to either didanosine or lamivudine are 

significantly associated with higher risk of MI; (5) compared to no exposure, any or 

cumulative exposure to PIs as a class, cumulative exposure to lopinavir with ritonavir, and 

recent indinavir exposure are associated with higher risk of MI; and (6) NNRTIs assessed 

either as a class or individually are not associated with increased MI risk.   
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A previous meta-analysis (19), comparing CVD risk among HIV-positive and HIV-negative 

individuals, reported estimates (RR: 1.61) for the association between HIV-seropositivity 

and CVD risk that are similar to our findings (RR: 1.60). Relative to HIV-negative 

individuals and similar to what we found (RR: 1.80), this study also reported a higher risk 

of CVD among ART-treated HIV-positive individuals (RR: 2.00). We suspect that the 

higher MI risk among ART-treated HIV-positive individuals may be due to a combined 

effect of HIV itself and ART, both of which have been individually shown to contribute to 

MI risk (3, 5, 54, 59).  

Specific to abacavir and MI risk, our findings were similar to reports from a previous meta-

analysis of observational studies of MI (16), but different from those of the meta-analysis 

of RCTs (17, 18) or reports from aggregate clinical trial studies (14, 15) that suggested no 

risk associated with abacavir exposure. Although observational studies and RCT results 

regarding MI and CVD risk due to abacavir exposure among PLHIV are largely at odds, 

the Simplification with Tenofovir-Emtricitabine or Abacavir-Lamivudine (STEAL) trial is the 

first RCT to support observational studies finding increased risk of CVD with exposure to 

abacavir (60).  

Unlike our results where a class-level effect was evident for PIs, pooled aggregate clinical 

trial data after one year of treatment with four different PI-based regimens did not find 

evidence of an increased risk associated with PI compared to NRTI regimen (RR: 1.69; 

95%CI: 0.54, 7.48) (61). When we pooled data of individual PIs separately, we did not 

observe the same class-level results. In our analysis, different PI regimens carried 

different risks. For example, while recent indinavir exposure and cumulative lopinavir-

ritonavir exposure were associated with increased MI risk, nelfinavir did not appear to 

contribute to MI risk irrespective of the type of exposure data that were pooled.  

In terms of the scope and design, our study differs from previous meta-analyses on this 

topic in several ways. First, we used an expanded search strategy, including more data 

sources in addition to conference abstracts, compared to prior meta-analyses (16-19). 

Second, as the association of HIV and ART may affect the risk of MI and other CVD events 

differently, we did not assess the risk of CVD in general, as was done in previous meta-

analysis (19). Third, we used more recent risk estimates from studies with longer follow-

up such as the Data Collection on Adverse Events of Anti-HIV Drugs (D:A:D) study. 

Fourth, we included only studies published after 2000 with reported data from the post-
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ART era. The historical nature of some of the studies included in previous meta-analyses 

may have limited their relevance in contemporary times. Fifth, and finally, we analyzed 

several additional drug exposure comparisons that had not been previously examined.  

The mechanism by which HIV infection contributes to the development of MI is not known. 

However, several explanations have been proposed in terms of the potential mechanistic 

pathways. Probable mechanisms are believed to involve chronic inflammation and 

immunodeficiency/CD4 cell depletion that typically accompanies both controlled and 

uncontrolled HIV disease and may contribute to accelerated atherosclerosis and 

subsequent MI through a triggering of an inflammatory cascade of events resulting in 

coronary artery thrombosis or plaque rupture (3, 62-64). Apart from the mechanism 

directly implicating HIV infection through CD4 cell depletion or indirectly via inflammatory 

response to HIV infection, HIV- or ART-induced dyslipidemia (5, 54, 65), including other 

metabolic abnormalities like insulin resistance and diabetes (66), altered fat distribution 

(66), and endothelial dysfunction (65), all of which are common among PLHIV, has also 

been suggested to be a potential contributor to the association observed between HIV 

infection and MI. It is also likely that behavioural risk factors such as smoking, which is 

more common among HIV-positive individuals (5, 67), may account for part of the 

association that was observed between HIV infection and MI risk.  

There are several important considerations that should be taken into account in the 

interpretation of the results of this study. Accurate characterization of the risk of MI and 

CVD outcomes in general may be confounded by a number of factors that may have 

affected our conclusions. The first concern has to do with the differences in the risk factors, 

drug exposure, HIV-related variables, or population considered in the included studies. No 

two studies of HIV-positive individuals can have participants with the same demographic, 

clinical, and drug exposure profile—all of which play a role in overall health outcomes. 

Therefore, heterogeneity arising from differences in study design features may have 

influenced the results and thus the overall conclusions drawn. Although we observed 

heterogeneity across results of studies included in some of the meta-analyses, this is a 

common limitation in meta-analysis, especially in those involving observational studies 

(33). Our a priori choice of employing the random-effects modeling strategy was driven in 

part by this expected variability among studies (30). It is unclear how differences in MI 

definition may have affected our results. While some studies retrospectively assessed MI 

and relied on International Classification of Diseases (ICD) codes only, others followed 
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participants over time and prospectively assessed and validated the MI events (5, 37). 

Furthermore, our study combined results presented using several different relative effect 

measures with the assumption that these represent approximately the same numerical 

value. In sensitivity analyses, we did not find any evidence of bias in our pooled estimates, 

as these did not differ significantly from the pooled estimates we obtained when we 

combined studies reporting results using the same effect measure. Furthermore, we 

reached comparable conclusions with a previous meta-analysis that did not combine HR 

estimates with OR and RR (16).  

In conclusion, this updated systematic review and meta-analysis suggests that HIV 

infection and ART use in general, including exposure to specific ART class (e.g., PIs) and 

regimen (e.g., abacavir), are associated with increased risk of MI. In terms of the 

implications of our findings, although we show that ART use is associated with increased 

MI risk, we believe that the overall benefits of using ART for the treatment of HIV clearly 

outweighs its unfavourable impact on cardiac outcomes. This assertion is based on the 

totality of the evidence to date about ART’s effectiveness in relation to both its known 

benefits and its potential adverse effects on cardiovascular outcomes (68-70).  

Given the multiple potential contributory and mechanistic pathways to developing MI 

among PLHIV and the complexity/feasibility in designing a large enough study to tease 

apart the potential contributions of each of the factors shown to be associated with MI risk 

among PLHIV, managing the known modifiable risk factors for CVD outcomes among 

PLHIV would be an excellent first step to reducing the incidence and risk of MI among 

PLHIV. Additional efforts are needed to promote behavioral and lifestyle changes such as 

regular exercise and smoking cessation that may help to mitigate the effects of known risk 

factors of MI. Finally, given the lack of consistency between observational studies and 

RCT results with respect to the risk of MI among PLHIV, additional rigorously conducted 

studies in real-world populations are urgently needed to definitively validate our findings 

from this review.  
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Figure 2.1 Flow diagram of study selection 

Legend:  
* Includes several conference abstract records captured through the database search.  
** From search of conference abstracts from IAS 2013; AIDS 2012, 2014, 2016; CROI 2014, 
2015, and 2016 conference abstracts.  
ART, combination antiretroviral therapy; CVD, cardiovascular disease; MI, myocardial infarction  
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Figure 2.2 Forest plot of the meta-analysis of the risk of MI according to HIV 

status 

Legend: ART, combination antiretroviral therapy; CI, confidence interval; HR, hazard ratio; IRR, 
incidence rate ratio; MI, myocardial infarction; RR, relative risk; SMR, standardized morbidity ratio 
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Figure 2.3 Forest plot of the meta-analysis of CD4 cell count, plasma viral load 
(pVL) levels and risk of MI  

Legend: CI, confidence interval; HR, hazard ratio; IRR, incidence rate ratio; MI, myocardial 
infarction; OR, odds ratio; RR*, relative rate 
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Figure 2.4 Forest plot of the meta-analysis of recent exposure to drugs of the 
NRTI class and risk of MI 

Legend: CI, confidence interval; HR, hazard ratio; IRR, incidence rate ratio; MI, myocardial 
infarction; NRTI, nucleoside reverse transcriptase inhibitors; OR, odds ratio; RR*, relative rate 
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Figure 2.5 Forest plot of the meta-analysis of recent exposure to drugs of the 
NNRTI class and risk of MI  

Legend: CI, confidence interval; MI, myocardial infarction; NNRTI, non-nucleoside reverse 
transcriptase inhibitors; OR, odds ratio 
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Figure 2.6 Forest plot of the meta-analysis of recent exposure to drugs of the 
PI class and risk of MI 

Legend: CI, confidence interval; MI, myocardial infarction; PI, protease inhibitors; OR, odds ratio 
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Chapter 3.2 
 
Changes in Mortality Rates and Causes of Death in a 
Population-based Cohort of People Living with and 
without HIV from 1996 to 2012  

3.1.  Abstract 

Background: Non-HIV/AIDS-related diseases are gaining prominence as important 

causes of morbidity and mortality among people living with HIV (PLHIV). The purpose of 

this study was to characterize and compare changes over time in mortality rates and 

causes of death among a population-based cohort of people living with and without HIV in 

British Columbia (BC), Canada. 

Methods: We analyzed data from the Comparative Outcomes And Service Utilization 

Trends (COAST) study, a retrospective population-based study created via linkage 

between the BC Centre for Excellence in HIV/AIDS (BC-CfE) and Population Data BC, 

and containing data for HIV-positive individuals and the general population of BC, 

respectively. Our analysis included all known HIV-positive individuals aged 20 years of 

age or older in BC and a 10% random sample of HIV-negative individuals of a similar age 

in BC followed from 1996 to 2012. Deaths were identified through Population Data BC, 

which contains information on all registered deaths in BC (BC Vital Statistics Agency 

dataset) and classified into cause of death categories using International Classification of 

Diseases (ICD) 9 and 10 codes. Age-standardized mortality rates (ASMR) and mortality 

rate ratios (MRR) were calculated. Trend test were performed. 

Results: Among 13,729 HIV-positive and 510,313 HIV-negative individuals, 3,401 (25%) 

and 47,647 (9%) died during the 5,620,150 person-years (PY) of follow-up, respectively. 

All-cause and cause-specific mortality rates were consistently higher among HIV-positive 

compared to HIV-negative individuals, except for neurologic disorders. All-cause ASMR 

                                                 
2 A version of this chapter has been published. O. Eyawo, C. Franco-Villalobos, M.W. Hull, A. 
Nohpal, H. Samji, P. Sereda, V.D. Lima, J. Shoveller, D. Moore, J.S.G. Montaner, R.S. Hogg; 
Comparative Outcomes And Service Utilization Trends (COAST) study. Changes in mortality rates 
and causes of death in a population-based cohort of persons living with and without HIV from 1996 
to 2012. BMC Infect Dis. 2017;17(1):174.  
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decreased from 126.75 (95% CI: 84.92-168.57) per 1,000 population in 1996 to 21.29 

(95% CI: 17.79-24.79) in 2011–2012 (83% decline; p < 0.001 for trend), compared to a 

change from 7.97 (95% CI: 7.61-8.33) to 6.87 (95% CI: 6.70-7.04) among HIV-negative 

individuals (14% decline; p < 0.001). Mortality rates from HIV/AIDS-related causes 

decreased by 94% from 103.85 per 1,000 population in 1996 to 6.72 by the 2011–2012 

era (p < 0.001). Significant ASMR reductions were also observed for hepatic/liver disease 

and drug abuse/overdose deaths. ASMRs for neurologic disorders increased significantly 

over time. Non-AIDS-defining cancers are currently the leading non-HIV/AIDS-related 

cause of death in both HIV-positive and HIV-negative individuals. 

Conclusion: Despite the significant mortality rate reductions observed among HIV-

positive individuals from 1996 to 2012, these individuals still have excess mortality risk 

compared to HIV-negative individuals. Additional efforts are needed to promote effective 

risk factor management and appropriate screening measures among PLHIV. 

 

3.2. Introduction 

The widespread uptake of combination antiretroviral therapy (ART) has led to substantial 

reductions in morbidity and mortality associated with HIV/AIDS (1-3). Over the last 20 

years, ART regimens have become not only more effective and less toxic, but also simpler 

in terms of pill burden and frequency, thus enhancing adherence (4, 5). This has translated 

into improvement in survival among ART-treated people living with HIV (PLHIV) (6). Today 

in many regions, HIV/AIDS is widely viewed as a manageable chronic condition (7), with 

the life expectancy of HIV-positive individuals receiving ART approaching that of the 

general population in some settings (8-10). 

Improved survival rates now observed among HIV-positive individuals treated with ART 

have been accompanied by a gradual shift in their morbidity and mortality patterns in some 

studies (11, 12). Non-HIV-specific diseases, including non-AIDS-defining cancers, 

cardiovascular diseases (CVD), and renal and liver diseases, are becoming more 

prevalent with many HIV-positive individuals now experiencing one or more of these 

comorbid conditions (11-16). As a result, causes of death among PLHIV have shifted in 

several important ways. In particular, deaths from these chronic diseases and other 
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complications typically associated with natural aging have gained prominence as 

individuals are living longer on ART. Therefore, it is important to monitor changes in the 

causes of death as this information will be useful in projecting future morbidity and 

mortality trends. Ultimately, such knowledge will provide guidance that may inform how 

risk factors for such increasingly common adverse health outcomes are addressed in this 

population. 

Although decreases in all-cause mortality rates have been well documented among HIV-

positive individuals in British Columbia (BC), Canada (1, 6, 17-21), changes in cause-

specific deaths in this population following ART introduction are less well characterized. 

Furthermore, it is unclear how the trends and causes of death among HIV-positive 

individuals in this setting compare to those of the general (HIV-negative) population. Given 

the changing pattern of causes of death reported among HIV-positive individuals in other 

settings after ART introduction (11-14), we hypothesized that similar patterns may be 

observed among HIV-positive BC residents. Our objective was, therefore, to characterize 

the changes in mortality rates and causes of death over time following ART introduction 

among a population-based cohort of HIV-positive individuals in BC. Secondly, we 

compared these patterns of death to those observed in a population-based sample of HIV-

negative individuals drawn from the general BC population over the same time period.  

 

3.3. Methods 

3.3.1. Study Population and Setting 

We used data from the Comparative Outcomes And Service Utilization Trends (COAST) 

study. COAST is a large population-based retrospective cohort study including longitudinal 

data of HIV-positive adults (≥ 19 years of age) and a control group from the general 

population of BC residents meeting the same age criterion and recruited into the cohort in 

the period between April 1, 1996 and March 31, 2013. Briefly, the COAST cohort was 

designed to characterize health outcomes and health care utilization of PLHIV since the 

introduction of ART and to evaluate differences in these parameters from those observed 

in the general population. COAST contains de-identified health-related data arising from 

a unique data linkage between the BC Centre for Excellence in HIV/AIDS (BC-CfE) Drug 
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Treatment Program (DTP) (22) and Population Data BC (23). The DTP manages the 

province-wide antiretroviral therapy dispensation program. It prospectively collects 

demographic, immunologic, virologic, ART use, and other clinical data on all known HIV-

positive individuals who have ever accessed ART, which is accessible at no cost through 

the BC-CfE. Population Data BC is BC’s electronic repository of individual-level 

longitudinal data from health administrative databases (24-31)—data that are collected by 

public bodies for all 4.6 million BC residents.  

The follow-up for this analysis started at cohort entry and ended on December 31, 2012. 

The current analysis was limited to COAST study participants 20 years of age or older 

with at least one day of follow-up since entering the cohort. This age criterion was 

necessary to facilitate age groupings by five-year categories and thus permit age 

standardization of mortality rates. The study population was comprised of two distinct 

cohorts distinguished by their HIV status. The HIV-positive cohort included all age-eligible 

individuals known to be HIV-positive during the follow-up period. HIV diagnosis was based 

on the presence of at least one detectable HIV plasma viral load (pVL) and/or an initiation 

of ART as indicated in the BC-CfE DTP registry. The HIV case identification was 

supplemented through an administrative health records review of International 

Classification of Diseases (ICD) 9 and 10 codes for records with at least one 

documentation of having received care for an HIV/AIDS-related medical condition or 

death. The following HIV-related ICD 9/10 codes were used: (i) ICD-9 codes 042–44, V08, 

795.71, 795.8; (ii) ICD-10 codes B20-24, R75, Z21; and (iii) ICD-10-CA codes B20-24, 

R75, Z21. To avoid potential misclassification, a validated HIV case-finding algorithm was 

applied—an additional criteria of one or more inpatient and/or three or more outpatient 

ICD-9/10 codes—to potential cases identified within administrative health records (32). To 

obtain the HIV-negative cohort, a computer-generated simple random sampling technique 

was applied to draw a 10% sample from a combined pool of all distinct individuals with a 

Personal Health Number (PHN) in the general population of BC who met the age eligibility 

criterion for the COAST study (≥ 19 years of age) between April 1, 1996 and March 31, 

2013. The PHN is a unique identifier that tracks health care system encounters for all BC 

residents. The final HIV-negative cohort included individuals from the general population 

of BC over the same time frame, excluding any known HIV-positive individuals. As per the 

analytical plan for this analysis, as described above, eventually only those individuals aged 

20 years or older were included.  
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3.3.2. Outcome and Definitions 

Our primary outcome was death from any cause. Deaths were identified through the BC 

Vital Statistics Agency mortality dataset (31), which contains information on all registered 

deaths in BC and was accessed through a data linkage conducted by Population Data 

BC. As part of the death registration in BC as well as elsewhere in Canada, a medical 

certificate of cause of death is completed by a medical examiner, coroner, or other certifier 

and elicits relevant information on the nature of the death. Deaths were classified based 

on the underlying cause of death information into categories by causes using ICD-9 codes 

for deaths through 1999 and ICD-10 codes for deaths from 2000 onwards. The causes of 

death were grouped into the following categories: HIV/AIDS-related; cancers; CVD; 

chronic respiratory diseases; drug abuse and overdose; hepatic and liver diseases; 

neurologic disorders; renal diseases; suicides; unintentional injuries (including accidents); 

other infectious and parasitic diseases (excluding HIV and viral hepatitis); and ‘other 

causes’, which included all causes of death not listed in the aforementioned categories. 

Since deaths from cancers such as Kaposi sarcoma, cervical, and Non-Hodgkin’s 

lymphoma are typically regarded as AIDS-defining, codes for such deaths occurring within 

the HIV-positive cohort were grouped under the ‘HIV/AIDS-related’ cause of death 

category and excluded from the ‘cancer’ category. Table 3.1 lists the ICD-9/10 codes 

associated with the causes of death categories.  

3.3.3. Statistical Analysis 

Crude all-cause and cause-specific mortality rates per 1,000 person-years (PY) were 

calculated from the observed number of deaths and PYs of observation. To account for 

differences in the age structure and to permit comparability between the HIV-positive and 

HIV-negative cohorts, age-standardized mortality rates (ASMR) were computed using the 

direct standardization method with the 1991 Canadian censual population as the reference 

standard population. The 1991 Canadian population is typically used for the 

standardization of age-specific disease rates in Canada. Additionally, the ASMRs in the 

cohorts were compared per calendar interval. The observation period was divided into 11 

calendar intervals: 1996; 1997–1998; 1999–2000; 2001–2002; 2003–2004; 2005–2006; 

2007–2008; 2009–2010; and 2011–2012. Although shorter than the other calendar 

intervals, available data from April to December 1996 was included in order that mortality 

around the period of ART introduction could be captured. The remaining 10 calendar 
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intervals were two-year periods each to capture the changes over time. In sensitivity 

analyses, we investigated trends over time in ASMRs among HIV-positive individuals 

according to antiretroviral drug uptake (ever vs. never) and use of triple-drug ART at 

treatment initiation (yes vs. never), both compared to HIV-negative individuals. We 

calculated the mortality rate ratio (MRR) as an estimate of the relative risk (RR) comparing 

HIV-positive and HIV-negative individuals by dividing the ASMRs of HIV-positive 

individuals by those of HIV-negative individuals. The 95% confidence intervals (CI) for the 

mortality rates and rate ratios were calculated by Normal approximation assuming a 

Poisson distribution (33, 34). Population figures for the Canadian standard population 

were obtained from Statistics Canada (35). As a sensitivity analysis for comparison 

purposes only, we repeated the standardization of the mortality rates using the latest 

available Canadian censual population (2011) (35). 

 

3.4. Results 

3.4.1. Participant Characteristics 

From April 1996 to December 2012, 13,729 HIV-positive and 510,313 HIV-negative 

individuals—a combined 524,042 persons—contributed a follow-up of 108,990 PYs 

(median: 7.22 [25th, 75th percentile: 2.96, 12.97] years per person) and 5,511,160 PYs 

(median: 12.70 [4.76, 16.75] years per person) of observation, respectively, to the 

analysis. The baseline characteristics of the study participants are described in Table 3.2. 

Compared to HIV-negative individuals, HIV-positive individuals were more likely to be 

older at cohort entry (median age: 38 vs. 36 years, p < 0.001) and more likely to be male 

(80% vs. 50%, p < 0.001). Roughly one-quarter of the HIV-positive individuals had no 

record of HIV treatment initiation. Among those who had ever received ART, 

approximately 37% initiated therapy with an AIDS-defining CD4 cell count (< 200 

cells/mm3).  

3.4.2. Mortality During Follow-up 

During the approximately 17 years of observation, a total of 3,401 HIV-positive (25%) and 

47,647 HIV-negative individuals (9%) died. Compared to HIV-negative individuals, HIV-



47 

positive individuals were more likely to die young (median age: 46 vs. 80 years, p < 0.001), 

with approximately 75% of the deaths occurring before or at 55 years of age compared to 

87 years of age among HIV-negative individuals (Table 3.2).  

Table 3.3 shows the number of deaths and crude mortality rates (CMR) by age, sex, and 

cause of death. The proportion of deaths among HIV-positive women (25.3%) was not 

significantly different from the proportion among HIV-positive men (24.7%) (p = 0.529). 

Conversely, the proportion of deaths among HIV-negative women was lower compared to 

HIV-negative men (9.2% vs. 9.5%, p < 0.001).  

3.4.3. Causes of Death 

Figures 3.1 and 3.2 show the distribution and annual changes in the proportion of deaths 

across causes among the study participants during the observation period. Although 

HIV/AIDS-related deaths accounted for 50% of the total deaths among HIV-positive 

individuals during follow-up (Figure 3.1), the proportion of deaths from HIV/AIDS-related 

causes dropped from 79% in 1996 to 27% by 2012 (p < 0.001) (Figure 3.2). Overall, the 

top non-HIV/AIDS-related causes of death during the study follow-up are, in decreasing 

order: drug abuse and overdose (11.2%); cancers (8.5%); CVD (7.0%); and hepatic and 

liver diseases (4.4%). The majority of deaths classified under ‘other causes’ included 

deaths from unknown causes and a myriad of other conditions. This cause of death 

category accounted for 7.9% and 13.1% of mortality among HIV-positive and HIV-negative 

individuals, respectively. 

Among HIV-positive individuals, the proportion of deaths due to HIV/AIDS decreased 

significantly over time since 1996 (p < 0.001), while those from non-HIV/AIDS-related 

causes either remained stable or increased over time (Figure 3.2). In 1996, CVD and non-

AIDS-defining cancers accounted for less than 2% of deaths among HIV-positive 

individuals compared to 29% in 2012 (p < 0.05). Non-AIDS-defining cancers, which 

accounted for less than 1% of the deaths in 1996, have recently emerged to become the 

leading non-HIV/AIDS-related cause of death, accounting for 17% of all deaths among 

HIV-positive individuals by 2012 (p < 0.001). Among deaths attributable to non-AIDS-

defining cancers, lung cancer was the most commonly observed cancer type in both HIV-

positive and HIV-negative individuals. In decreasing order, this was followed by cancers 

of the liver, colon, pancreas, anus, rectum, stomach, and prostate among HIV-positive 
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individuals; and colon, breast, prostate, pancreas, bladder, esophagus, stomach, and 

ovaries among HIV-negative individuals. 

Among HIV-negative individuals, CVD (32%) and cancers (29%) accounted for over 60% 

of the deaths during follow-up. In terms of trend, the proportion of deaths from CVD 

decreased over time (p < 0.001), while deaths due to cancer increased (p = 0.02), 

overtaking CVD as the leading cause of death in more recent years (Figure 3.2). 

Consequently, in both HIV-positive and HIV-negative individuals, our results demonstrate 

that cancers are now the leading non-HIV/AIDS-related cause of death. Compared to HIV-

positive individuals where deaths due to drug abuse and overdose were among the 

leading cause of death, this category accounted for the least proportion of deaths among 

HIV-negative individuals during follow-up.  

3.4.4. Changes in Age-Standardized Mortality Rate 

Figures 3.3 and 3.4 describe the changes over time in the all-cause and cause-specific 

ASMRs, by HIV status. Among HIV-positive individuals, the all-cause ASMR decreased 

from 126.75 (95% CI: 84.92-168.57) per 1,000 population in 1996 to 21.29 (95% CI: 17.79-

24.79) in 2011–2012 (p < 0.001 for trend). In the HIV-negative population, the all-cause 

ASMR changed over the same time period, from 7.97 (95% CI: 7.61-8.33) per 1,000 

population to 6.87 (95% CI: 6.70-7.04), respectively (p < 0.001 for trend) (Figure 3.3a). 

This represents an 83% drop in all-cause ASMR from 1996 to the 2011–2012 era among 

HIV-positive individuals compared to a 14% drop among HIV-negative individuals. The 

age-adjusted relative risk of death in HIV-positive compared to HIV-negative individuals 

decreased from 15.90 (95% CI: 11.40-22.19) in 1996 to 3.10 (95% CI: 2.63-3.66) in the 

2011–2012 era, representing an 81% reduction in the relative risk of mortality over time. 

When stratified by sex, the relative risk of death comparing HIV-positive to HIV-negative 

individuals was similar in males and females as of 1996 (13.70 vs. 13.72). By the 2011–

2012 era, the relative risk of death comparing HIV-positive and HIV-negative men was 

2.33 (95% CI: 1.94-2.80), whereas it was 4.65 (95% CI: 3.35-6.45) among HIV-positive 

women compared to HIV-negative women (Figures 3.3b and 3.3c). 

The ASMR from HIV/AIDS-related deaths decreased significantly from 103.85 in 1996 to 

6.72 per 1,000 population in the 2011–2012 era (p < 0.001 for trend), representing a 94% 

reduction in the death rate from HIV/AIDS-related causes (Figure 3.4a). Over the study’s 
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observation period, significant reductions in mortality rates among HIV-positive individuals 

were also observed for mortality from hepatic and liver disease, as well as from drug abuse 

and overdose. Although the proportion of deaths attributable to CVD and non-AIDS-

defining cancers significantly increased over time (p < 0.05) among HIV-positive 

individuals (Figure 3.2a), the mortality rates from CVD and cancer decreased over time 

(Figures 3.4b and 3.4f), albeit not significantly (p > 0.05). There was a statistically 

significant increase over time in mortality rates and the proportion of deaths attributable to 

neurologic disorders (Figures 3.2a and 3.4j; p < 0.05). For chronic respiratory disease, 

renal disease, and other infectious and parasitic disease deaths, mortality rate increases 

were observed but were not significant. 

Among HIV-negative individuals, statistically significant mortality rate reductions were 

observed over time for deaths attributable to CVD, cancers, chronic respiratory diseases, 

suicides, unintentional injuries, and other infectious and parasitic diseases; however, 

mortality rates attributable to neurologic disorders increased significantly over time.  

3.4.5. Sensitivity Analyses 

Although we observed slightly higher ASMRs (data not shown) when we standardized 

rates using a 2011 Canadian censual population compared to the main analyses that used 

a 1991 censual population, the overall trends remained unchanged. The slight increase in 

mortality rates is likely because the 2011 censual population has a higher proportion of 

individuals in older age groups than the 1991 population. In separate analyses stratified 

by antiretroviral therapy uptake (ever vs. never) and initiation of therapy with triple-drug 

ART (yes vs. never on therapy), we observed significant mortality rate reductions over 

time across all groups (Figures 3.5 and 3.6). During the analytic period, individuals who 

were never on ART had mortality rates ranging from 1.4 to almost 5 times higher than 

among those ever on ART or those initiating treatment with triple-drug ART. Of note, 92% 

of individuals ever on ART in this study initiated therapy on a triple-drug ART. 
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3.5. Discussion 

Since the introduction of ART in 1996, this is the first population-based study in Canada 

to characterize changes in mortality and causes of death among PLHIV as compared to 

HIV-negative individuals from the same geographical and health care setting. Compared 

to HIV-negative individuals, our results demonstrate that the causes of death among HIV-

positive individuals in BC have changed dramatically over time. We observed significant 

mortality rate reductions in all-cause, HIV/AIDS-related, drug abuse and overdose, and 

liver disease mortality among PLHIV in the period from 1996 to 2012. Despite the 

remarkable decline in mortality from HIV-related causes, HIV/AIDS is still the leading 

cause of death among HIV-positive individuals and the relative risk of death remains in 

excess of that for HIV-negative individuals. Relative to other causes of death, the 

proportion of total mortality attributable to non-AIDS-defining cancers and CVD has 

increased among HIV-positive individuals since ART introduction; however, this did not 

necessarily translate into a trend of increasing mortality rates from these causes, a finding 

that may be due to the overall increased survival in the population. In both HIV-positive 

and HIV-negative individuals, we observed significant increases over time in mortality 

rates from neurologic disorders. 

In our study, the overall proportion of deaths due to HIV/AIDS-related causes (50.2%) was 

comparable to what has been reported in Spain (40.4%) (36), Italy (41.4%) (16), Denmark 

(44.4%) (37), England and Wales (46.0%) (38), France (47.3%) (39), the United States 

(51.4%) (15), and from multinational cohort collaborations such as Antiretroviral Therapy 

Cohort Collaboration (ART-CC) study (49.6%) (14) but higher than that reported in the 

Data Collection on Adverse Events of Anti-HIV Drugs [D:A:D] study (28.7%) (40). While 

our overall findings are broadly consistent with the mortality declines and cause of death 

trends presented in previous studies of HIV-positive individuals from other settings (13-

16, 38, 40, 41), variations in the range of such estimates may exist across studies and are 

likely due to heterogeneity in the population (e.g., by age, sex, CD4 cell count levels, ART 

history, underlying clinical characteristics, ethnicity), differences in the observation period, 

or the coding scheme for causes of death categories. In sensitivity analyses stratified by 

ART uptake (ever vs. never), we observed a better mortality prognosis among those who 

had ever been treated with ART, thus demonstrating the benefit associated with ART. This 

is supported by a recent BC study among HIV-positive individuals receiving ART since 
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2001, which demonstrated that ART initiation was independently associated with reduced 

mortality (21).  

The current study reflects major changes since the introduction of ART in terms of non-

HIV/AIDS-related causes; in 1996, only 21% of the deaths among HIV-positive individuals 

were attributable to non-HIV/AIDS-related causes, as compared to 73% by 2012. Our 

results confirm two recent reports suggesting that non-AIDS-defining cancers are currently 

the leading non-HIV/AIDS-related cause of death among HIV-positive individuals (40, 42). 

Similarly, we observed that cancers have also recently overtaken CVD to become the 

principal cause of death among the HIV-negative population. Like the D:A:D study (40) 

but unlike a report from the HIV Outpatient Study (15), we observed a statistically 

significant mortality rate decrease from hepatic and liver disease deaths. Contrary to a 

finding among HIV-positive haemophiliacs in Canada (43), liver disease is an important 

cause of death especially among individuals co-infected with HIV and the hepatitis C virus 

(44), although not the main non-HIV/AIDS-related cause of death in the current study. The 

observed increase in mortality rates attributable to neurologic disorders is likely a reflection 

of the increased longevity in both populations. 

Our results indicating that HIV-positive individuals continue to have a mortality risk ratio 

that is decreasing as time passes but remains approximately three times more than in 

HIV-negative individuals as of 2011–2012 is supported by comparable findings from other 

studies that have compared mortality rates among persons with and without HIV infection 

(37, 45). We suspect the continuing high relative risk of death among HIV-positive 

compared to HIV-negative individuals may in part be explained by the higher prevalence 

of behavioural risk factors such as smoking, alcohol abuse, and other lifestyle factors that 

are more common among HIV-positive individuals and predisposes them to higher 

mortality risk compared to HIV-negative individuals. In addition, HIV-positive individuals 

may be at higher risk of death compared to HIV-negative individuals simply because of 

their HIV-positive status, which is synonymous with a compromised immune system, 

especially when the virus is not successfully suppressed with ART. With a weaker or 

compromised immune system, HIV-positive individuals may fall ill more easily than their 

HIV-negative counterparts and thus are at a higher risk of death. Our results also suggest 

that compared to their HIV-negative counterparts, HIV-positive women have a worse 

mortality prognosis than HIV-positive men. A potential hypothesis and explanation for this 

would be that HIV-positive women may be accessing health care at more advanced 
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disease states compared to HIV-positive men. Furthermore, as has been previously 

speculated (8), women living with HIV in this setting are more likely weighted towards 

injection drug users or sex workers, and men more likely towards men who have sex with 

men.  

Readers should interpret our findings in light of the potential strengths and limitations of 

the study. The HIV-positive cohort includes the vast majority of all known HIV-positive 

adults in BC, irrespective of whether they had ever received ART. Despite universal 

access to HIV treatment in BC, approximately 25% of HIV-positive individuals had no 

record of HIV treatment initiation during this study (1996 to 2012). Reassuringly, the rates 

have declined substantially with the implementation of the Treatment as Prevention (TasP) 

strategy in BC (46-48), as in a 2008 study we found that 40% of those who died from HIV 

did not access treatment (49). Our HIV-negative cohort includes randomly sampled BC 

residents who accessed the same universal health care system as the HIV-positive 

participants, thus minimizing potential selection bias that may arise from using an external 

comparison group. Unlike most clinic-based cohorts (11, 13, 16, 36, 39, 40, 50), the 

relatively large, linked, and population-based nature of the COAST study is unique to BC 

and has allowed us to ascertain mortality and cause of death information for all study 

participants through the same source, the BC Vital Statistics Agency (31), which is the 

provincial office that collects vital statistic records in BC. However, since this dataset does 

not capture deaths of BC residents that occur out-of-province, such deaths were 

unaccounted for in our analyses. We suspect that this number is small and that it would 

have affected the HIV-positive and HIV-negative cohorts equally. Finally, our cause of 

death assessment is limited by the accuracy of the ICD-9/10 coding used for attribution of 

the underlying cause of death, and the study as a whole is limited by unmeasured 

confounding due to its observational nature. 

 

3.6. Conclusion 

To sum up, our results suggest that significant improvements have been made in reducing 

mortality over time from HIV/AIDS-related and several non-HIV/AIDS-related causes of 

death among PLHIV. Despite this progress, HIV-positive individuals still have excess 

mortality risk compared to their HIV-negative counterparts. Additional efforts are needed 
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to promote effective risk factor management and appropriate screening measures. 

Ongoing monitoring of mortality trends by cause will be important and will provide the 

necessary data to enable us to optimally target our efforts at the conditions that influence 

morbidity and mortality outcomes. Ultimately, in both HIV-positive and HIV-negative 

populations, the management of cancers and CVD as well as their known risk factors will 

be key to improving overall survival outcomes.  
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Table 3.1 Cause of death categories and the applicable International 
Classification of Diseases (ICD) 9 and 10 codes 

Cause of death  ICD-9 code ICD-10 code 
HIV/AIDS-related 042-044 B20-B24 
Cancer a 140-239 C00-D48 
Cardiovascular diseases 410-414, 428, 430-438, 362.3 I00-I99   
Chronic respiratory diseases 491, 492, 496, 493 J40-J46 
Drug abuse and overdose 304, 305, E850-E858 F10-F19, F55, X40-X45, T40  
Hepatic and liver diseases 070, 570-572, 275, 456, 155, 782.4 B15-B19, K70-K77  
Neurologic disorders 320-327, 330-359 F03, G00-G99 
Renal diseases 250.4, 403-404, 580-590, 593, 

792.5, V45.1, V42.0 
N00-N07, N17-N19, N25-N27 

Suicides E950-E959 X60-X84, Y87.0 
Unintentional injuries (including 
accidents) b 

800-999, E800-E999 V01-Y89 

Other infectious and parasitic 
diseases c 

001-139, 480-487 A00-B99, J10-J18  

Other causes All codes not previously listed All codes not previously listed 
Legend:  
a. Since deaths from cancers such as Kaposi sarcoma, cervical, and Non-Hodgkin’s lymphoma are typically regarded as AIDS-
defining, codes for such deaths occurring within the HIV-positive cohort were grouped under the ‘HIV-related’ cause of death 
category and excluded them from the ‘cancer’ category. The applicable codes are: 176, 180, 200, 202 (ICD-9) and C46, C53, C82 
C83 (ICD-10). 
b. Excludes suicides and drug abuse and overdose codes. 
c. Excludes HIV and viral hepatitis codes. 
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Table 3.2 Characteristics of study participants  

Characteristic
s 

Entire sample, n (%) Dead, n (%) 
HIV-positive 
(N = 13,729) 

HIV-negative 
(N = 510,313) 

p-
value 

HIV-positive 
(N = 3,401) 

HIV-negative 
(N = 47,647) 

p-
value 

Age at study 
entry, median 
(Q1, Q3) years 

38 (32, 46) 36 (24, 50) <0.001 41 (34, 49) 71 (59, 78) <0.001 

Age at death, 
median (Q1, 
Q3) years 

   46 (39, 55) 80 (69, 87) <0.001 

Sex   
<0.001   <0.001 

Male 11,017 
(80.25) 256,440 (50.25)  2,716 (79.86) 24,394 (51.20)  

Female 2,712 (19.75) 253,873 (49.75)  685 (20.14) 23,253 (48.80)  
Follow-up time, 
median (Q1, 
Q3) years 

7.22  
(2.96, 12.97) 

12.70  
(4.76,16.75) <0.001 3.91  

(1.16, 7.60) 
8.42  
(4.25, 12.58) <0.001 

Antiretroviral 
therapy ever? 

        

Yes 10,165 
(74.04)    2,377 (69.89)    

No 3,564 (25.96) --  1,024 (30.11) --  
Legend: Q1, 25th percentile; Q3, 75th percentile 
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Table 3.3 Frequency of deaths and crude mortality rates (CMR) by age, sex, and cause of death (1996–2012) 

Characteristics 
HIV-positive HIV-negative 

Deaths (%) p-value PY (per 
1,000) 

CMR per 1,000 PY 
(95%CI) 

Deaths (%) p-value PY (per 
1,000) 

CMR per 1,000 PY 
(95%CI) 

Age at cohort entry (years) 
 

<0.001 
   

<0.001 
  

20-34 873 (17.44)  43.31 20.16 (18.82-21.50) 1,929 (0.78)  2,321.61 0.83 (0.79-0.87) 
35-49 1,723 (25.92)  52.75 32.66 (31.12-34.21) 4,733 (3.50)  1,716.51 2.76 (2.68-2.84) 
50-64 582 (34.13)  11.24 51.78 (47.58-55.99) 9,639 (13.52)  916.26 10.52 (10.31-10.73) 
65+ 223 (60.43)  1.7 131.37 (114.13-148.62) 31,346 (56.48)  556.77 56.30 (55.68-56.92) 

Sex 
 

0.529 
   

<0.001 
  

Male 2,716 (24.65)  88.76 30.60 (29.45-31.75) 24,394 (9.51)  2,704.30 9.02 (8.91-9.13) 
Female 685 (25.26)  20.23 33.85 (31.32-36.39) 23,253 (9.16)  2,806.86 8.28 (8.18-8.39) 

Antiretroviral therapy ever? 
 

<0.001 
  

       
Yes 2,377 (23.38)  90.95 26.14 (25.08-27.19) 

 
 

  

No 1,024 (28.73)  18.04 56.75 (53.28-60.23) 
 

 
  

Cause of death 
 

 
   

 
  

All-cause 3,401 (24.77)  108.99 31.20 (30.16-32.25) 47,647 (9.34)  5,511.16 8.65 (8.57-8.72) 
HIV/AIDS-related 1,698 (12.37)  108.99 15.58 (14.84-16.32) 0 (0.00)  5,511.16 0.00 (0.00-0.00) 
Cancers 297 (2.16)  108.99 2.72 (2.42-3.03) 13,950 (2.73)  5,511.16 2.53 (2.49-2.57) 
Cardiovascular diseases 238 (1.73)  108.99 2.18 (1.91-2.46) 15,295 (3.00)  5,511.16 2.78 (2.73-2.82) 
Chronic respiratory 
diseases 

52 (0.38)  108.99 0.48 (0.35-0.61) 2,179 (0.43)  5,511.16 0.40 (0.38-0.41) 

Drug abuse and overdose 380 (2.77)  108.99 3.49 (3.14-3.84) 696 (0.14)  5,511.16 0.13 (0.12-0.14) 
Hepatic and liver diseases 150 (1.09)  108.99 1.38 (1.16-1.60) 755 (0.15)  5,511.16 0.14 (0.13-0.15) 
Neurologic disorders 19 (0.14)  108.99 0.17 (0.10-0.25) 3,273 (0.64)  5,511.16 0.59 (0.57-0.61) 
Renal diseases 21 (0.15)  108.99 0.19 (0.11-0.28) 746 (0.15)  5,511.16 0.14 (0.13-0.15) 
Suicides 88 (0.64)  108.99 0.81 (0.64-0.98) 712 (0.14)  5,511.16 0.13 (0.12-0.14) 
Unintentional injuries 87 (0.63)  108.99 0.80 (0.63-0.97) 1,792 (0.35)  5,511.16 0.33 (0.31-0.34) 
Other infectious and 
parasitic diseases 

101 (0.74)  108.99 0.93 (0.75-1.11) 1,998 (0.39)  5,511.16 0.36 (0.35-0.38) 

Other causes 270 (1.97)  108.99 2.48 (2.18-2.77) 6,251 (1.22)  5,511.16 1.13 (1.11-1.16) 
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Legend: CI, confidence intervals; CMR, crude mortality rate; PY, person-years 
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Figure 3.1 Overall distribution of the proportion of deaths by cause and HIV 

status in BC from 1996 to 2012 

Legend:  
* Values are in the format ‘median age (25th percentile-75th percentile)’ years.  
Note: The ‘cancer’ category in Figure 3.1a excludes deaths attributable to Kaposi sarcoma, 
cervical, and Non-Hodgkin’s lymphoma, as these have been accounted for within HIV/AIDS-
related deaths.   
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Figure 3.2 Annual changes in the proportion of deaths by cause and HIV status 

in BC from 1996 to 2012 

Legend:  
* Except for the first bar,1996, which is nine months long. 
Note: The ‘cancer’ category in Figure 3.2a excludes deaths attributable to Kaposi sarcoma, 
cervical, and Non-Hodgkin’s lymphoma, as these have been accounted for within HIV/AIDS-
related deaths.   
CVD, cardiovascular diseases. 
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Figure 3.3 Changes over time in all-cause age-standardized mortality rates 

overall and by HIV status and sex in BC from 1996 to 2012  

Legend: CI, confidence interval; MRR, mortality rate ratio  
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Figure 3.4 Changes over time in cause-specific age-standardized mortality 

rates by HIV status in BC from 1996 to 2012  

Legend: The ‘cancer’ mortality line graph for HIV-positive individuals in Figure 3.4f (red line) 
excludes deaths attributable to Kaposi sarcoma, cervical, and Non-Hodgkin’s lymphoma, as 
these have been accounted for within HIV/AIDS-related deaths.  
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Figure 3.5 Trends in age-standardized mortality rates by HIV and antiretroviral 

(ARV) drug uptake status in BC from 1996 to 2012  
Legend: ARV, antiretroviral (drug); CI, confidence interval 

 
Figure 3.6 Trends in age-standardized mortality rates by HIV and highly active 

antiretroviral therapy (HAART) status at treatment initiation in BC 
from 1996 to 2012  

Legend: ARV, antiretroviral (drug); CI, confidence interval; HAART, highly active antiretroviral 
therapy  



68 

Chapter 4.3 
 
Cause-deleted Life Expectancy Among People Living 
with and without HIV: A Population-level Analysis  

4.1. Abstract  

Background: Life expectancy is a major indicator of population health. Our objective was 

to assess the impact of various causes of death on the life expectancy of HIV-positive and 

HIV-negative individuals in the combination antiretroviral therapy (ART) era.  

Methods: This was a population-level retrospective cohort study. HIV-positive individuals 

aged 20 years of age or older and a 10% random sample of HIV-negative individuals of a 

similar age from the general population of British Columbia (BC), Canada, from 1996 to 

2012 were considered. We calculated cause-specific mortality rates for 12 major causes 

of death. Cause-deleted abridged life tables were constructed to estimate the cause-

deleted life expectancy at exact ages and the potential gains in life expectancy (PGLE) 

assuming hypothetical elimination of cause-specific deaths within a competing risk 

framework.  

Results: At age 20, the PGLE due to elimination of HIV/AIDS-related deaths among HIV-

positive individuals decreased significantly over time from 16.60 years (1996–1997) to 

6.54 years (2010–2012) (p < 0.05, test for trend). Eliminating deaths from cardiovascular 

diseases (CVD) increased the PGLE over the same period by approximately eight-fold 

from 0.16 to 1.30 years (p < 0.05). PGLE due to non-AIDS-defining cancers appeared to 

increase from 0.17 to 2.06 years, albeit non-significantly (p = 0.06). Among HIV-negative 

individuals, CVD and cancers accounted for the greatest impact on PGLE, but the 

magnitude of this impact decreased over time. As of 2010–2012, the impact on PGLE of 

eliminating CVD and non-AIDS-defining cancer deaths among HIV-positive individuals 

                                                 
3 A version of this chapter has been submitted for publication: O. Eyawo, C. Franco-Villalobos, J. 
Shoveller, M.W. Hull, V.D. Lima, P. Sereda, A.C. Justice, J.S.G. Montaner, R.S. Hogg, For The 
Comparative Outcomes And Service Utilization Trends (COAST) Study. Cause-deleted life 
expectancy among persons living with and without HIV infection: a population-level analysis 
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was comparable to that observed among HIV-negative individuals (CVD: 1.30 vs. 1.37 

years; non-AIDS-defining cancers: 2.06 vs. 2.67 years). 

Conclusions: CVD and non-AIDS-defining cancer-related mortality among HIV-positive 

individuals now have a similar impact on life expectancy as in the population of HIV-

negative individuals. Nevertheless, the impact of HIV/AIDS-related mortality on the life 

expectancy of people living with HIV (PLHIV) is considerable, especially given the free 

HIV/AIDS care in this setting. Managing these conditions will be key to improving future 

life expectancy. 

 

4.2. Introduction  

The use of combination antiretroviral therapy (ART) for the treatment of HIV infection has 

led to significant reductions in HIV/AIDS-related morbidity and mortality among people 

living with HIV (PLHIV) (1-3). HIV cohort studies in both low- and high-income settings 

suggest that the life expectancy of PLHIV treated with modern ART has improved 

markedly since 1996 and is approaching that of the general population (4-6).  

Improvements in life expectancy of PLHIV have, however, been accompanied by a 

morbidity and mortality burden that is becoming increasingly diverse. Analyses of life 

expectancy—a key indicator of population health and mortality—principally use all-cause 

mortality data (4-7), which among PLHIV has largely been from deaths due to AIDS-

defining illnesses, especially in the early days of the HIV epidemic (3). However, the 

causes of morbidity and mortality in this population have shifted dramatically over time (8-

10). While AIDS-related mortality has decreased considerably, deaths from other causes 

including non-AIDS-defining cancers and cardiovascular diseases (CVD) have increased. 

These changes may have critical implications for life expectancy over time. While there is 

a growing body of evidence that has documented changes over time in the causes of 

death observed in PLHIV (8-13), their specific impact on life expectancy has not been well 

characterized. As such, life expectancy analyses that consider the potential role of the 

various causes of death can help quantify the magnitude of this burden and provide 

additional insights on future life expectancy. 
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This chapter presents a study on cause-deleted life expectancy in a population-level 

cohort of PLHIV. In terms of mortality as an event, various risks compete for the life of an 

individual and requires consideration in cause-specific mortality analyses (14). Within a 

competing risk framework, the primary objective was to evaluate the impact of various 

causes of death on the life expectancy of HIV-positive men and women. The results are 

presented in terms of the cause-deleted life expectancy and potential gains in life 

expectancy (PGLE) over time after hypothetical elimination of cause-specific deaths. 

Secondarily, we assessed how the burden of the changing mortality causes on life 

expectancy in PLHIV compares to that observed among HIV-negative individuals within a 

universal health care setting.   

 

4.3. Methods  

4.3.1. Study Population 

Participants for this study were selected from the Comparative Outcomes And Service 

utilization Trends (COAST) study in British Columbia (BC), Canada. Details about COAST 

have been reported elsewhere (10). Briefly, COAST is a large population-based 

retrospective cohort study of HIV-positive and HIV-negative adults (≥ 19 years of age) 

arising from a unique data linkage between the BC Centre for Excellence in HIV/AIDS 

(BC-CfE) Drug Treatment Program (DTP) (15) and eight provincial health administrative 

databases. These eight health databases are housed at Population Data BC (16), which 

is BC’s electronic repository of individual-level longitudinal data collected by public bodies 

for all 4.6 million BC residents. Information in these databases includes inpatient and 

outpatient billings data, demographic, mortality, mental health, cancer data, and drug 

dispensation data (17-24). The BC-CfE DTP manages ART dispensation, which is 

accessible at no cost to all PLHIV who are BC residents. This program prospectively 

collects demographic, immunologic, virologic, ART use, and other clinical data on all 

PLHIV who have ever accessed ART.  

Eligible participants for this analysis were 20 years of age or older at cohort entry and 

included all individuals known to be HIV-positive in BC between April 1, 1996 and 

December 31, 2012. The HIV-positive individuals were identified based on the presence 



71 

of at least one detectable HIV plasma viral load and/or an initiation of ART as indicated in 

the BC-CfE DTP registry. HIV diagnosis was further supplemented through a validated 

HIV case-finding algorithm applied to health administrative databases and requiring one 

or more inpatient and/or three or more outpatient International Classification of Diseases 

(ICD) 9 and 10 codes indicative of HIV infection (25). As a comparison, a cohort of HIV-

negative individuals meeting the age eligibility criteria was identified from a computer-

generated 10% simple random sample of the BC general population, after excluding all 

known HIV-positive individuals. Study participants were followed from cohort entry until 

death, last contact date, or December 31, 2012, whichever was earlier.  

4.3.2. Measures  

The primary outcomes were cause-deleted life expectancy and PGLE, both expressed in 

years. Life expectancy at a given age represents the average number of additional years 

that an individual will be expected to live, assuming the current age-specific mortality rates 

for all causes of death combined continue to apply. Cause-deleted life expectancy, on the 

other hand, estimates the average number of additional years that an individual at a given 

age will be expected to live, assuming deaths attributable to a specific cause are 

eliminated (26). Essentially, this is obtained by reconstructing the life table without 

considering deaths from a specific cause. The PGLE that would result from the 

hypothetical elimination of select cause-specific deaths was estimated by taking the 

difference between the life expectancy before (i.e., expected life expectancy) and after 

(i.e., cause-deleted life expectancy) elimination of deaths due to a specific cause. The 

magnitude of the cause-deleted life expectancy and PGLE due to elimination of a given 

cause-specific death reflects the burden of that disease/condition on life expectancy. 

Deaths during follow-up were identified through the linked BC Vital Statistics Agency 

mortality registry that contains information on all registered deaths in BC (19). Deaths were 

classified based on the underlying cause of death information into the following 12 

categories by causes using ICD-9 codes for deaths through 1999 and ICD-10 codes for 

deaths from 2000 onwards: HIV/AIDS-related (including AIDS-defining cancers: Kaposi 

sarcoma, cervical cancer, and Non-Hodgkin’s lymphoma); cancers (excluding AIDS-

defining cancers in PLHIV); CVD; hepatic and liver diseases; neurologic disorders; renal 

diseases; chronic respiratory diseases; suicides; drug abuse and overdose; unintentional 

injuries (including accidents but excluding suicides and drug abuse and overdose); other 
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infectious and parasitic diseases (excluding HIV and viral hepatitis); and ‘other causes’, 

which includes all deaths not covered in the aforementioned categories. The ICD 9/10 

codes used for classifying deaths into categories are provided in Table 4.1.  

4.3.3. Statistical Analysis 

To assess changes over time and ensure there were a sufficient number of deaths for the 

estimation of cause-specific mortality rates, the study follow-up period was partitioned into 

six calendar intervals, namely: 1996–1997; 1998–2000; 2001–2003; 2004–2006; 2007–

2009; and 2010–2012. Using five-year age groupings starting at age 20 and terminating 

at age 80+ years, we calculated all-cause and cause-specific mortality rates by dividing 

the number of deaths by the person-years (PY) of observation. Mortality rates were 

expressed as deaths per 1,000 PY with 95% confidence intervals (CI), which were 

calculated by Normal approximation assuming a Poisson distribution (27, 28).  

Based on the methods proposed by Chiang (29), cause-deleted abridged life tables were 

constructed from age- and cause-specific mortality rates to estimate the cause-deleted life 

expectancy and PGLE  at exact ages. Using standard demographic techniques and based 

on competing risk theory (29), we calculated the probability qx of dying in the age interval 

x to x+n or the net probability of death that an individual alive at an exact age x would die 

before age x+n, assuming a specific cause of death were eliminated. The cause of death 

was assumed to act independently of other competing risks of death, as there is no simple 

statistical technique for cause of death analysis when risks are dependent (14). While it is 

impossible to guarantee that this assumption of independence is fully satisfied, our choice 

of cause-specific death groupings helped to ensure that this is approximately true. For 

example, among PLHIV, deaths attributable to cancers did not include AIDS-defining 

cancers and conversely, HIV/AIDS-related deaths included AIDS-defining cancers. 

Additionally, a constant relative intensity of risk of death (force of mortality) was assumed 

within age categories across the entire range (29).  

Cause-deleted life expectancy and PGLE at exact ages were reported by HIV status and 

further stratified by calendar interval and cause of death. Trend test over time were 

performed using Kendall rank correlation (30). Due to the relatively small number of HIV-

positive women in the study, we did not stratify results according to calendar interval for 

the analysis by sex. To better examine the impact of select cause-specific deaths, we 
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conducted a sensitivity analysis according to HIV status to test the robustness of the PGLE 

at exact ages to partial elimination of deaths in two different calendar eras (1996–1997 vs. 

2010–2012). Partial elimination of cause-specific deaths was performed in 10% 

increments. The following cause-specific deaths were selected based on their relevance 

as estimated from the results of the main analysis: HIV/AIDS; CVD; hepatic and liver 

disease; cancers; and drug abuse and overdose. In additional sensitivity analyses, we 

tested the validity and robustness of the independence assumption using the case of 

hepatocellular cancer and hepatic/liver disease deaths as an example. Analyses were 

performed using R Statistical Program version 3.2.2 (Vienna, Austria) and Microsoft 

Excel© 2016.   

 

4.4. Results  

4.4.1. Participant Characteristics 

The analysis included 13,729 HIV-positive and 510,313 HIV-negative individuals. The total 

follow-up time was 108,990 PYs (median: 7.22 [25th, 75th percentile: 2.96, 12.97] years 

per person) and 5,511,160 PYs (median: 12.70 [4.76, 16.75] years per person) of 

observation in the HIV-positive and HIV-negative groups, respectively. Briefly, members 

of the HIV-positive cohort were predominantly male (80%) and were slightly older at entry 

into the study compared to those of the HIV-negative cohort (38 vs. 36 years, p < 0.001). 

The proportion of men and women was similar in the HIV-negative cohort. Table 4.2 shows 

the characteristics of study participants stratified by HIV status and the frequency of 

deaths according to causes. 

4.4.2. Mortality and Life Expectancy 

During follow-up from 1996 to 2012, 3,401 HIV-positive (25%) and 47,647 HIV-negative 

individuals (9%) died (Table 4.2). Although mortality attributable to HIV/AIDS-related 

causes accounted for half of the deaths among HIV-positive individuals during the study 

observation period, we observed a marked decline in the frequency of such deaths over 

time (p < 0.05; test for trend [Figure 4.1]). In contrast, the proportion of deaths from non-

HIV/AIDS-related causes, including CVD and non-AIDS-defining cancers, increased or 
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remained stable over time. Among HIV-negative individuals, CVD and cancers accounted 

for the largest proportion of mortality. While the proportion of deaths from CVD appear to 

decrease with time (p = 0.06), those from cancers and neurologic disorders increased 

significantly (p < 0.05).  

Figure 4.2 compares the life expectancy of HIV-positive and HIV-negative individuals at 

exact ages during the start and end periods of the study (1996–1997 vs. 2010–2012). 

Compared to the 1996–1997 era, there has been a marked improvement in life expectancy 

as of 2010–2012 across all ages in both HIV-positive and HIV-negative individuals, 

although this was more evident in the HIV-positive cohort. Among HIV-positive individuals, 

we estimated an additional life expectancy at age 20 of 42.6 years by the 2010–2012 era 

compared to 18.2 years in 1996–97, representing over a doubling of the additional years 

lived during this period.  

4.4.3. Cause-Deleted Life Expectancy and Potential Gains in Life 
Expectancy 

Irrespective of the cause of death eliminated, the cause-deleted life expectancy at age 20 

years was higher among HIV-positive men compared to HIV-positive women, but lower 

among HIV-negative men compared to HIV-negative women (Table 4.3). In Table 4.4, we 

provide an example of a cause-deleted abridged life table for PLHIV where deaths due to 

HIV/AIDS were hypothetically eliminated. Among HIV-positive individuals, we estimated a 

cause-deleted life expectancy at age 20 years of 34.8 additional years of life in 1996–1997 

assuming deaths attributable to HIV/AIDS were eliminated in that period, compared to an 

expected life expectancy (i.e., without elimination of cause-specific deaths) of 18.2 years 

over the same period (Table 4.3). Relative to HIV/AIDS, the improvement in life 

expectancy based on the hypothetical elimination of deaths from non-HIV/AIDS-related 

causes during this period was small. We estimated the cause-deleted life expectancy to 

be 18.4, 18.4, 19.1, and 20.3 years for CVD, non-AIDS-defining cancers, hepatic/liver 

diseases, and deaths from drug abuse and overdose, respectively, compared to an 

expected life expectancy of 18.2 years in 1996–1997.  

Figure 4.3a-4.3l shows the trend in PGLE over time following the hypothetical elimination 

of cause-specific deaths at age 20 years stratified by HIV status and according to causes 

of death. Apart from HIV/AIDS, deaths due to hepatic/liver diseases and drug abuse and 
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overdose appeared to be the only conditions whose elimination were associated with 

important improvements in PGLE as of 1996–1997. The elimination of deaths attributable 

to HIV/AIDS remained associated with the greatest advancement of life expectancy during 

the study follow-up, although the relative impact of most non-HIV/AIDS-related deaths 

increased during the same period, as illustrated in Figure 4.3a-4.3l. The PGLE attributable 

to the potential elimination of deaths due to HIV/AIDS decreased from 16.60 years in the 

1996–1997 era to 6.54 years by the 2010–2012 era, representing an almost three-fold 

decrease over time (p < 0.05, test for trend). During the same period, the PGLE from 

eliminating CVD and chronic respiratory diseases increased significantly from 0.16 years 

to 1.30 years and from 0.02 to 0.38 years, respectively (p < 0.05). This represents 

approximately 8- and 19-fold increases, respectively, in PGLE since the 1996–1997 era. 

The elimination of non-AIDS-defining cancers appears to increase PGLE by about 12-fold 

over time from 0.17 years to 2.06 years, although this was only marginally significant (p = 

0.06). Hypothetical elimination of deaths from hepatic/liver diseases and drug abuse and 

overdose led to an absolute reduction in PGLE from 0.86 years to 0.65 years (p = 0.47) 

and from 2.07 years to 1.71 years (p = 0.27) over time, respectively. The elimination of 

the remaining eight causes of death led to small and statistically insignificant increases in 

PGLE over time (p > 0.05).  

Although the hypothetical elimination of CVD and cancers was estimated to be the most 

impactful on PGLE among HIV-negative individuals (Table 4.3 and Figure 4.3b/4.3f), their 

impact on PGLE decreased over time. Over the entire study period (1996–2012), the 

impact on PGLE of eliminating deaths from CVD and non-AIDS-defining cancers was 

lower in HIV-positive individuals compared to HIV-negative individuals (Figure 4.3b/4.3f). 

However, as of the 2010–2012 era, the impact on PGLE of eliminating deaths from CVD 

and non-AIDS-defining cancers among HIV-positive individuals was comparable to that 

observed among HIV-negative individuals (CVD: 1.30 vs. 1.37 years; and non-AIDS 

defining cancers: 2.06 vs. 2.67 years for HIV-positive and HIV-negative individuals, 

respectively). A statistically significant increase in PGLE over time among HIV-negative 

individuals from 0.17 to 0.34 years (p < 0.05) was observed from eliminating deaths 

attributable to neurologic disorders.  
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4.4.4. Sensitivity Analyses 

In sensitivity analyses where we estimated the PGLE at exact ages assuming a 10% 

incremental increase in the elimination of select cause-specific deaths during two different 

eras (1996–1997 and 2010–2012), there was evidence of improvement in PGLE for each 

10% increment in partial elimination of cause-specific deaths. However, the extent of this 

improvement differed according to age, calendar era, and type of cause-specific deaths 

eliminated and was most evident after 50% of cause-specific deaths had been eliminated 

(Figure 4.4 and 4.5).  

In the main analysis, hepatocellular cancer deaths were classified under the category of 

cancer deaths. In sensitivity analyses where we assumed hepatocellular cancer deaths to 

be related to long-term liver damage and thus considered under hepatic/liver deaths, the 

additional impact on PGLE was unimportant either on HIV-positive or HIV-negative 

individuals. During the nearly 17 years of follow-up, this change led to approximately one 

additional month of life associated with the elimination of liver disease deaths among HIV-

positive individuals and approximately two weeks among HIV-negative individuals. 

Therefore, the independence assumption appears to be fairly robust. 

 

4.5. Discussion  

Among HIV-positive individuals, the elimination of HIV/AIDS-related deaths led to the 

greatest impact in terms of PGLE over the study follow-up period. However, the estimated 

gains in life expectancy observed in 1996–1997 due to the elimination of HIV/AIDS-related 

deaths have decreased by over half by the 2010–2012 era. Despite this drop, as of 2010–

2012 HIV/AIDS is still the leading cause of premature life lost among PLHIV and its 

potential elimination is estimated to be associated with at least three times greater PGLE 

compared to the elimination of any other cause of death. Except for deaths from 

hepatic/liver diseases and drug abuse and overdose, the impact of the elimination of other 

non-HIV/AIDS-related cause-specific deaths on PGLE was inconsiderable in 1996–1997. 

Their impact, however (especially for CVD and non-AIDS-defining cancer deaths), has 

gradually become important over time and is likely a consequence of the progressive 

reductions in life lost due to HIV/AIDS—an effect of modern ART. Among HIV-negative 
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individuals, the elimination of deaths from CVD and cancers accounted for the greatest 

improvement in life expectancy. As of 2010–2012, CVD and non-AIDS-defining cancer 

deaths among HIV-positive individuals now have the same impact on life expectancy as 

in the HIV-negative population. 

To our knowledge, this is the first study to evaluate the impact of the potential elimination 

of cause-specific deaths on life expectancy in a cohort of people living with and without 

HIV. Our findings confirm the growing evidence showing improvements over time in life 

expectancy among PLHIV (4-6), but perhaps more importantly highlight the evolving role 

that various cause-specific deaths play in shaping and advancing life expectancy among 

PLHIV. Evidence from this study extends upon our previous finding from the pre-ART era 

(1987–1992) regarding the impact that HIV/AIDS elimination has on life expectancy in 

Canada (31). Here, we demonstrate that elimination of HIV/AIDS-related deaths as a 

result of the expansion of ART coverage is associated with the greatest impact on life 

expectancy of all the causes of death among PLHIV. Our results showing a significant 

reduction over time in PGLE from eliminating HIV/AIDS is consistent with prior reports that 

assessed the impact of select causes of death including HIV/AIDS on life expectancy in 

the United States population (26, 32, 33).  

The impact of CVD and cancer mortality elimination on life expectancy in terms of the 

PGLE at age 20 years was comparable in HIV-positive (1.30 and 2.06 years for CVD and 

cancer, respectively) and HIV-negative individuals (1.37 and 2.67 years, respectively) as 

of the 2010–2012 era. The small difference in PGLE between HIV-positive and HIV-

negative individuals is likely due to the unequivocal effect of HIV/AIDS on life expectancy 

in PLHIV. Conversely, the PGLE associated with eliminating deaths from hepatic/liver 

diseases and drug abuse and overdose was higher in PLHIV compared to HIV-negative 

individuals (Figure 4.3c/4.3h). This observation may reflect the demographics of the HIV 

epidemic in BC, of which injection drug users make up a substantial proportion (34). It may 

also reflect the fact that drug addiction and overdose are among the leading causes of 

morbidity and mortality among HIV-positive men and women in this setting (10), although 

the scale-up of harm reduction programs and corresponding reductions in the incidence 

of injection-drug-use-related morbidity and mortality have been reported (35).  

The findings among HIV-negative individuals corroborate prior evidence of a decrease 

over time in PGLE associated with the potential elimination of CVD and cancers in the 
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United States population (32, 33). However, this trend did not hold among PLHIV—

instead, our findings demonstrate a growing relevance of deaths from CVD, non-AIDS-

defining cancers, chronic respiratory disease, and other non-AIDS-defining illnesses on 

PGLE over time. These findings underscore the increasing significance and impact of non-

HIV/AIDS-related mortality on the life expectancy of PLHIV. As total elimination of the 

various cause-specific deaths is unrealistic in the foreseeable future, sensitivity analyses 

revealed an improvement in life expectancy for each 10% increase in the elimination of 

cause-specific deaths, pointing to the importance of even relatively modest reductions in 

cause-specific deaths to the improvement in life expectancy.  

Our results demonstrating a greater PGLE benefit irrespective of the cause of death for 

HIV-positive men compared to HIV-positive women is consistent with previous literature 

from Canada and the United States that reported similar sex differentials in life 

expectancies among HIV-positive individuals (6), but different from another report that 

suggested slightly higher life expectancy in HIV-positive women—at age 20 years, life 

expectancy years of 44.2 (Standard error [SE]: 0·55) for women vs. 42.8 (SE: 0.45) for 

men (5). As previously speculated (6), we believe this finding may be related to the fact 

that HIV-positive men in this setting are more weighted towards men who have sex with 

men and women more towards injection drug users. It is also likely that women may be 

accessing HIV-related health care at more advanced disease stages than men. 

We were unable to examine the impact of sex differences by calendar intervals. The 

compartmentalized nature of our analyses involving partitioning of individuals’ follow-up 

time and mortality experience into consecutively disaggregated subsets by causes of 

death, five-year age groupings, and calendar period led to sample size constraints that 

made such an effort prohibitive. Furthermore, no data were readily available to allow us to 

characterize factors known to impact life expectancy, including smoking. Like most studies 

of mortality that rely on ICD codes for determination of cause of death, our cause of death 

assessment was limited by the accuracy of the ICD-9/10 coding used for attribution of the 

underlying cause of death. Finally, our results may have been affected by loss to follow-

up. However, we believe this was minimized through the longitudinal and extensive data 

linkage to multiple data sources that we performed as part of the COAST study. 

While the full extent of the impact of the evolution of the causes of mortality on life 

expectancy of PLHIV remains to be fully defined, our results demonstrate that the 
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continuing relevance and contribution of HIV/AIDS-related morbidity and mortality to life 

expectancy advancement cannot be overstated. As HIV treatment and management 

strategies continue to improve, the causes of death will likely continue to shift further away 

from HIV/AIDS-related conditions. Therefore, these increasingly common non-HIV/AIDS-

related causes of morbidity and mortality have important implications for life expectancy.  

Our findings are both highly clinically and policy relevant because they provide additional 

evidence to support the importance of taking a broader approach and view to the care and 

management of aging HIV-positive individuals, beyond just focusing on managing HIV 

only. As we have shown, several non-HIV/AIDS-related causes of death are on the rise 

among PLHIV as they age over time in the era of ART. Unlike the period immediately 

following the introduction of ART, where much of the public health effort and focus was 

largely on reducing the high fatality associated with HIV infection and reducing morbidity 

and mortality associated with AIDS, the time for a shift in the approach to caring for PLHIV 

has come. Our study adds to the growing body of knowledge presenting evidence to 

support a broader HIV disease management strategy that will include both HIV specialists 

as well as geriatricians as part of the care team for PLHIV. In this way, the changing health 

needs of aging HIV-positive individuals who now require managing HIV disease alongside 

multiple other age-related comorbidities can be better addressed. 

In conclusion, CVD and non-AIDS-defining cancer deaths among HIV-positive individuals 

now have the same impact on life expectancy as in the general (HIV-negative) population. 

Nevertheless, the impact of HIV/AIDS-related mortality on the life expectancy of PLHIV is 

considerable, especially given the free HIV/AIDS care in this setting. Therefore, HIV 

treatment efforts remain integral to realizing life expectancy gains. However, given that 

deaths from HIV/AIDS, CVD, and non-AIDS-defining cancers (among HIV-positive 

individuals) and CVD and cancers (among HIV-negative individuals) account for 

approximately 60% of mortality as of 2010–2012, managing these conditions will be key 

to improving future life expectancy. Furthermore, the relatively high burden of CVD and 

cancer deaths on life expectancy among HIV-negative individuals provides important 

clues for investments in interventions to reduce the overall incidence and health impacts 

of these conditions that could also benefit PLHIV.  
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Table 4.1 Cause of death categories and the applicable International 
Classification of Diseases (ICD) 9 and 10 codes  

Cause of death ICD-9 code ICD-10 code 
HIV/AIDS-relateda 042-044 B20-B24 
Cancerb 140-239 C00-D48 
Cardiovascular diseases 410-414, 428, 430-438, 362.3 I00-I99   
Chronic respiratory diseases 491, 492, 496, 493 J40-J46 
Drug abuse and overdose 304, 305, E850-E858 F10-F19, F55, X40-X45, T40  
Hepatic and liver diseases 070, 570-572, 275, 456, 155, 782.4 B15-B19, K70-K77  
Neurologic disorders 320-327, 330-359 F03, G00-G99 
Renal diseases 250.4, 403-404, 580-590, 593, 

792.5, V45.1, V42.0 
N00-N07, N17-N19, N25-N27 

Suicides E950-E959 X60-X84, Y87.0 
Unintentional injuries (including 
accidents)c 

800-999, E800-E999 V01-Y89 

Other infectious and parasitic 
diseasesd 

001-139, 480-487 A00-B99, J10-J18  

Other causes All codes not previously listed All codes not previously listed 
Legend 
a, Includes AIDS-defining cancers (i.e., Kaposi sarcoma, cervical, and Non-Hodgkin’s lymphoma). 
b, Excludes AIDS-defining cancers among HIV-positive individuals, as these have been accounted in the HIV-positive 
cohort under the ‘HIV/AIDS-related’. The applicable codes are: 176, 180, 200, 202 (ICD-9) and C46, C53, C82 C83 
(ICD-10).  
c, Excludes suicides and drug abuse and overdose codes. 
d, Excludes HIV and viral hepatitis codes. 
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Table 4.2 Characteristics of study participants and frequency of death by 
cause 

Characteristic 
 

HIV-positive  
n (%) 

HIV-negative 
n (%) 

p-
value 

Sample size 13,729 510,313  
Age at study entry, median (Q1, Q3) years 38 (32, 46) 36 (24, 50) <0.001 
Sex   <0.001 

Male 11,017 (80.25) 256,440 (50.25)  
Female 2,712 (19.75) 253,873 (49.75)  

Follow-up time, median (Q1, Q3) years 7.22 (2.96, 12.97) 12.70 (4.76,16.75) <0.001 
Antiretroviral therapy ever?     

Yes 10,165 (74.04)    
No 3,564 (25.96) --  

Deaths    
Age at death, median (Q1, Q3) yearsa 46 (39, 55) 80 (69, 87) <0.001 
Cause of death     

All-cause 3,401 (24.77) 47,647 (9.34)   
HIV/AIDS-related 1,706 (50.16) 0 (0.00)  
Cancer 289 (8.50) 13,950 (29.28)  
Cardiovascular disease 238 (7.00) 15,295 (32.10)  
Chronic respiratory diseases 52 (1.53) 2,179 (4.57)  
Drug abuse and overdose 380 (11.17) 696 (1.46)  
Hepatic and liver diseases 150 (4.41) 755 (1.58)  
Neurologic disorders 19 (0.56) 3,273 (6.87)  
Renal diseases 21 (0.62) 746 (1.57)  
Suicides 88 (2.59) 712 (1.49)  
Unintentional injuries (including accidents) 87 (2.56) 1,792 (3.76)  
Other infectious and parasitic diseases 101 (2.97) 1,998 (4.19)  
Other causes 270 (7.94) 6,251 (13.12)  

Deaths by calendar interval   <0.001 
1996–1997 398 (11.70) 4,395 (9.22)  
1998–2000 599 (17.61) 7,922 (16.63)  
2001–2003 614 (18.05) 8,166 (17.14)  
2004–2006 745 (21.91) 8,770 (18.41)  
2007–2009 569 (16.73) 8,987 (18.86)  
2010–2012 476 (14.00) 9,407 (19.74)  

Legend:  
a. For those who died.  
Q1, 25th percentile; Q3, 75th percentile 
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Table 4.3 Cause-deleted life expectancy estimates at 20 years of age following hypothetical elimination of deaths from 
12 specific causes and stratified by HIV status, sex, and time period 

Cause-deleted life expectancy (SE), years 
HIV-positive 

 

Reference 
(No cause 
deleted)a HIV/AIDS CVD 

Hepatic 
and liver 
disease
s 

Renal 
diseases 

Chronic 
respirator
y diseases 

Cancers
b Suicides 

Drug abuse 
and 
overdose 

Unintention
al injuries 

Neurologic 
disorders 

Other 
infections 

Other 
causes
c 

Malesd 32.25 
(0.44) 

43.36 
(0.61) 

33.08 
(0.47) 

33.00 
(0.43) 

32.28 
(0.44) 

32.45 
(0.45) 

33.53 
(0.48) 

32.97 
(0.41) 34.27 (0.43) 33.07 (0.38) 32.31 

(0.44) 
32.78 
(0.43) 

33.39 
(0.47) 

Femalesd 29.38 
(0.76) 

39.66 
(1.13) 

30.67 
(0.87) 

30.30 
(0.82) 

29.60 
(0.78) 

29.65 
(0.78) 

30.20 
(0.80) 

29.60 
(0.77) 32.47 (0.80) 29.91 (0.78) 29.51 

(0.76) 
29.96 
(0.79) 

31.09 
(0.81) 

1996–1997 18.21 
(1.49) 

34.81 
(4.81) 

18.37 
(1.51) 

19.07 
(1.35) 

18.21 
(1.49) 

18.23 
(1.49) 

18.38 
(1.53) 

18.39 
(1.52)  20.28 (1.52) 18.50 (1.53) 18.21 

(1.49) 
18.24 
(1.49) 

18.87 
(1.62) 

1998–2000 25.59 
(1.29) 

37.10 
(2.04) 

26.30 
(1.41) 

26.34 
(1.38) 

25.65 
(1.30) 

25.66 
(1.31) 

26.46 
(1.31) 

25.91 
(1.33) 28.33 (1.20) 26.35 (1.26) 25.63 

(1.30) 
25.79 
(1.32) 

26.50 
(1.44) 

2001–2003 30.21 
(1.16) 

40.79 
(2.08) 

31.15 
(1.28) 

30.62 
(1.20) 

30.32 
(1.17) 

30.37 
(1.18) 

30.98 
(1.25) 

30.50 
(1.19) 32.51 (0.95) 30.72 (1.19) 30.36 

(1.17) 
31.28 
(1.06) 

31.63 
(1.11) 

2004–2006 31.56 
(0.94) 

41.37 
(1.28) 

32.47 
(1.02) 

32.15 
(0.98) 

31.59 
(0.94) 

31.74 
(0.96) 

33.02 
(1.07) 

31.88 
(0.96) 33.20 (1.01) 32.22 (0.79) 31.60 

(0.95) 
32.07 
(0.98) 

32.84 
(0.83) 

2007–2009 36.80 
(1.68) 

45.75 
(2.03) 

38.03 
(1.83) 

37.32 
(1.73) 

36.84 
(1.69) 

37.13 
(1.73) 

38.23 
(1.83) 

38.18 
(1.26) 38.80 (1.82) 37.66 (1.49) 36.90 

(1.69) 
37.25 
(1.71) 

38.11 
(1.80) 

2010–2012 42.60 
(1.71) 

49.13 
(0.87) 

43.90 
(1.83) 

43.24 
(1.76) 

42.76 
(1.72) 

42.97 
(1.75) 

44.65 
(1.90) 

43.19 
(1.72) 44.31 (1.77) 42.82 (1.73) 42.70 

(1.71) 
43.03 
(1.71) 

44.92 
(1.80) 
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Cause-deleted life expectancy (SE), years 
HIV-negative 

 Reference 
(No cause 
deleted)a HIV/AIDS CVD 

Hepatic 
and liver 
disease
s 

Renal 
diseases 

Chronic 
respirator
y diseases 

Cancers
b Suicides 

Drug abuse 
and 
overdose 

Unintention
al injuries 

Neurologic 
disorders 

Other 
infections 

Other 
causes
c 

Malesd 60.57 
(0.00) - 62.56 

(0.00) 
60.80 
(0.00) 

60.64 
(0.00) 

60.84 
(0.00) 

63.36 
(0.00) 

60.92 
(0.00) 60.90 (0.00) 61.19 (0.00) 60.84 

(0.00) 
60.74 
(0.00) 

61.49 
(0.00) 

Femalesd 65.47 
(0.00) - 66.75 

(0.00) 
65.62 
(0.00) 

65.54 
(0.00) 

65.72 
(0.00) 

68.26 
(0.00) 

65.61 
(0.00) 65.62 (0.00) 65.72 (0.00) 65.73 

(0.00) 
65.61 
(0.00) 

66.22 
(0.00) 

1996–1997 61.53 
(0.02) - 63.64 

(0.02) 
61.72 
(0.02) 

61.59 
(0.02) 

61.82 
(0.02) 

64.40 
(0.02) 

61.77 
(0.02) 61.73 (0.02) 62.02 (0.02) 61.70 

(0.02) 
61.70 
(0.02) 

62.56 
(0.02) 

1998–2000 61.81 
(0.01) - 63.66 

(0.01) 
61.97 
(0.01) 

61.87 
(0.01) 

62.09 
(0.01) 

64.72 
(0.01) 

62.07 
(0.01) 62.09 (0.01) 62.28 (0.01) 61.99 

(0.01) 
61.98 
(0.01) 

62.67 
(0.01) 

2001–2003 62.79 
(0.01) - 64.72 

(0.01) 
62.98 
(0.01) 

62.85 
(0.01) 

63.05 
(0.01) 

65.72 
(0.01) 

63.07 
(0.01) 63.04 (0.01) 63.29 (0.01) 63.06 

(0.01) 
62.95 
(0.01) 

63.42 
(0.01) 

2004–2006 63.01 
(0.01) - 64.70 

(0.01) 
63.21 
(0.01) 

63.10 
(0.01) 

63.26 
(0.01) 

65.87 
(0.01) 

63.25 
(0.01) 63.30 (0.01) 63.56 (0.01) 63.30 

(0.01) 
63.15 
(0.01) 

63.79 
(0.01) 

2007–2009 63.83 
(0.01) - 65.21 

(0.01) 
64.08 
(0.01) 

63.90 
(0.01) 

64.09 
(0.01) 

66.61 
(0.01) 

64.07 
(0.01) 64.05 (0.01) 64.22 (0.01) 64.13 

(0.01) 
63.99 
(0.01) 

64.67 
(0.01) 

2010–2012 64.29 
(0.01) - 65.65 

(0.01) 
64.47 
(0.01) 

64.34 
(0.01) 

64.52 
(0.01) 

66.95 
(0.01) 

64.52 
(0.01) 64.48 (0.01) 64.58 (0.01) 64.63 

(0.01) 
64.42 
(0.01) 

65.31 
(0.01) 

Legend:  
a. Life expectancy estimated without eliminating deaths from any specific cause.  
b. For HIV-positive individuals, this category excludes deaths from cancers such as Kaposi sarcoma, cervical, and Non-Hodgkin’s lymphoma as these are typically regarded as 
AIDS-defining and have been accounted for within the HIV/AIDS-related category.  
c. Includes any other cause of death not already listed.  
d. Covers the entire study period from 1996-2012. 
CVD, cardiovascular diseases; SE, standard error 
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Table 4.4 Cause-deleted abridged life table example for eliminating HIV/AIDS 
deaths among HIV-positive individuals, 1996–1997  

Age (x 
to x+n)  

mx mxi qx lx dx Lx Tx ex 

20-24 26.18 13.09 0.0636 1000 64 4847.40 34814.20 34.81 
25-29 50.18 21.04 0.1009 936 94 4455.40 29966.90 32.00 
30-34 54.90 11.76 0.0578 842 49 4093.00 25511.50 30.30 
35-39 61.16 20.39 0.0982 793 78 3779.60 21418.40 26.99 
40-44 73.55 23.27 0.1118 715 80 3385.00 17638.90 24.66 
45-49 85.66 32.71 0.1543 635 98 2941.60 14253.90 22.43 
50-54 71.56 11.45 0.0566 537 30 2613.70 11,312.30 21.05 
55-59 110.52 16.58 0.0825 507 42 2434.20 8698.60 17.16 
60-64 77.66 33.28 0.1563 465 73 2151.00 6264.40 13.47 
65-69 198.72 44.16 0.2198 392 86 1755.10 4113.40 10.48 
70-74 249.29 49.86 0.2612 306 80 1338.90 2358.30 7.70 
75-79 358.88 119.63 0.6700 226 152 767.30 1019.40 4.51 
80+ 296.07 296.07 1 75 75 252.10 252.10 3.38 

Legend:  
The rows represent five-year age groups. The columns are defined as follows:  
x. Exact age. 
n. The period of life between two exact ages (x to x+n). This was five years in our analyses. 
mx. Age-specific death rate in the population per 1,000 person-years (PY).  
mxi. Cause-deleted age-specific death rate in the population per 1,000 PY. 
qx. Probability of dying in age group.  
lx. Number surviving to age x (or beginning of age interval). 
dx. Deaths experienced within the age interval.  
Lx. Number of person-years lived between exact ages x and x+n. 
Tx. Number of person-years lived above exact age x.  
Ex. Expected number of years that a person who reaches this exact age will live. 
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Figure 4.1 Changes in the proportion of deaths by cause and HIV status in BC 

from 1996 to 2012 
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Figure 4.2 Life expectancy of HIV-positive and HIV-negative individuals at exact 

ages and according to calendar period (1996–1997 vs. 2010–2012) 
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Figure 4.3 Potential gains in life expectancy (PGLE) according to HIV status, 

cause of death, and calendar period 

(Note: legend shows the p-value for the trend test over time)   
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Figure 4.4 Impact of incremental elimination of select causes of death on 
potential gains in life expectancy (PGLE) among HIV-positive 
individuals 
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Figure 4.5 Impact of incremental elimination of select causes of death on 
potential gains in life expectancy (PGLE) among HIV-negative 
individuals 
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Chapter 5.4 
 
Risk of Myocardial Infarction in a Population-based 
Cohort of People Living with and without HIV from 
1997 to 2012  

5.1. Abstract  

Background: The evidence surrounding the risk of myocardial infarction (MI) among 

persons living with HIV (PLHIV), in particular from exposure to certain combination 

antiretroviral therapy (ART), continues to be debated. Specific to the Canadian 

environment, there is limited information regarding the incidence of MI and the association 

between HIV infection, ART, other explanatory factors, and the risk of MI.  

Methods: We analyzed data from the Comparative Outcomes And Service Utilization 

Trends (COAST) study that comprise a population-based sample of HIV-positive and HIV-

negative individuals in British Columbia (BC), Canada. Study participants (≥ 19 years of 

age) without a cardiovascular disease-related record prior to 1997 were considered and 

followed until an MI event, death, or December 31, 2012. Incident MIs were defined based 

on International Classification of Diseases (ICD) 9 and 10 codes. A series of Cox 

proportional hazard models were fit to estimate the association between HIV infection, 

ART, other potential risk factors, and risk of MI.  

Results: The crude incidence rate of MI was 2.01 per 1,000 person-years (PY) (95% 

confidence interval [CI]: 1.76, 2.30) among HIV-positive individuals compared to 1.94 per 

1,000 PYs (95% CI: 1.90, 1.98) among HIV-negative individuals. After adjusting for age, 

sex, HIV status, comorbidities at baseline, and calendar year, HIV infection (adjusted 

hazard ratio [aHR]: 1.79, 95% CI: 1.56, 2.06), increasing age, male sex, and a diagnosis 

of diabetes, hypertension, or renal disease were found to be associated with increased 

risk of MI. Increasing age, male sex, and a diabetes diagnosis continued to be associated 

with MI in PLHIV-only models exploring ART risk. Here, abacavir use was associated with 

                                                 
4 A manuscript of this chapter is currently under development. 
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increased risk of MI irrespective of exposure type considered—that is, any, recent, or 

cumulative (aHR: 1.13, 95% CI: 1.03, 1.22 for each year of exposure to abacavir). We 

found ever or recent exposure to protease inhibitors (PI) as a drug class to be associated 

with an increased risk of MI. Of note, we were unable to account for smoking in our 

analyses due to lack of smoking data.  

Conclusion: HIV infection is associated with an increased risk of MI. Among PLHIV, 

exposure to abacavir and certain exposures to PI in general are associated with an 

increased risk of MI.  

 

5.2. Introduction 

Combination antiretroviral therapy (ART) has transformed HIV from what was once 

considered a fatal disease to a chronic, manageable condition. Since the introduction of 

ART, morbidity and mortality associated with AIDS-defining illnesses have declined 

considerably (1-3). As a result, the life expectancy of persons living with HIV (PLHIV) has 

increased significantly and is approaching that of the general population (4, 5). However, 

as the incidence of AIDS-defining illnesses decreases and the longevity of PLHIV 

continues to improve as a result of ART effectiveness, other non-AIDS-defining illnesses 

including cardiovascular diseases (CVD) are becoming increasingly prevalent especially 

as PLHIV age (6-8). Understanding the factors associated with a high risk of these 

increasingly common conditions is therefore of great clinical relevance with regards to the 

overall health and well-being of aging HIV-positive individuals.   

Myocardial infarction (MI) is one of the most widely studied CVD outcomes among HIV-

positive individuals. Several studies have reported a higher risk of MI among HIV-positive 

compared to HIV-negative individuals (9-13). While the reasons for the higher risk of MI 

among HIV-positive individuals are not fully understood, a number of factors including HIV-

associated chronic inflammation and immune dysfunction have been suggested as likely 

drivers of the higher risk (12, 14). It is also widely believed that the higher prevalence of 

CVD risk factors such as smoking, which is common among PLHIV, may play a role (15, 

16). Furthermore, some studies have pointed to ART-associated lipid and metabolic 

abnormalities as additional factors that may increase this risk (16-18). In this regard, there 
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is generally conflicting evidence regarding the association between exposure to ART 

regimens and MI risk (19). While some studies suggest that exposure to ART or a specific 

regimen is associated with increased MI risk (16, 20-22), other studies have not found an 

association (23-25).  

Specific to the Canadian context in general and British Columbia (BC) in particular, where 

access to ART and associated HIV care is free of charge, there is limited understanding 

regarding the association between HIV infection, ART, and the risk of MI. The primary 

objective of this study was to assess the incidence of MI and the association between HIV 

infection, other explanatory variables, and the risk of MI in a cohort of HIV-positive and 

HIV-negative individuals in British Columbia (BC), Canada in the period from 1997 to 

2012. Further to this objective and given the claim of a declining relative risk of MI (26), 

we also examined whether there has been a reduction over time in the risk of MI among 

HIV-positive relative to HIV-negative individuals. As a secondary objective, we 

investigated whether there was an association between the exposure to specific ART 

class or regimen and the risk of MI.  

 

5.3. Methods 

5.3.1. Study Setting 

We used data from the Comparative Outcomes And Service Utilization Trends (COAST) 

study, which is a large population-based, retrospective cohort study of HIV-positive adults 

(≥ 19 years of age) in BC that contains a control cohort of HIV-negative adults from the 

same health care setting. The COAST study, which has been described in detail 

elsewhere (27), is based on a unique linkage between the BC Centre for Excellence in 

HIV/AIDS (BC-CfE) Drug Treatment Program (DTP) and Population Data BC. It contains 

detailed information on demographic, immunologic, virologic, ART use, and other clinical 

data on all known HIV-positive individuals who have ever accessed ART in BC as well as 

individual-level health administrative data including inpatient discharge summaries for 

both HIV-positive and HIV-negative individuals. HIV-positive individuals in COAST were 

identified based on the presence of one or more detectable HIV plasma viral load (pVL) 

and/or an initiation of ART. This was supplemented through a validated HIV case-finding 
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algorithm with one or more inpatient and/or three or more outpatient International 

Classification of Diseases (ICD) 9 and 10 codes for HIV infection (28). The control cohort 

of HIV-negative individuals was created through a computer-generated simple random 

sampling technique applied to the general population of BC. Ethical approval for this study 

was received from the Simon Fraser University Office of Research Ethics and the 

University of British Columbia/Providence Health Care Research Ethics Board.  

5.3.2. Study Population 

For this analysis, we considered all COAST participants with no previous CVD-related 

event prior to baseline. Baseline was defined as the date of known positive HIV serostatus 

(if participant is HIV-positive) or the date when the age eligibility was met, whichever came 

second, and a confirmed record of registration with the Medical Services Plan (MSP), the 

BC public health insurance program. MSP, which covers all medically necessary physician 

services, is mandatory for all BC residents who are Canadian citizens or otherwise lawfully 

admitted to Canada. The follow-up for this analysis is from January 1, 1997 to December 

31, 2012. Study participants were followed from baseline or initiation of ART (in the 

secondary analysis) until an MI event, death, administrative loss to follow-up, or the end 

of the study (December 31, 2012), whichever was earlier. We defined administrative loss 

to follow-up as no health records for at least 18 months prior to end of study follow-up, in 

which case the individual’s end of follow-up corresponds to the last known contact date 

with the health care system.  

5.3.3. Primary Outcome Measure and Explanatory Variables 

The primary outcome of interest was incident MI. Incident MI was defined based on 

primary discharge diagnostic ICD-9 code 410.xx where the fifth digit was not a 2 (i.e., a 

subsequent episode of care) and ICD-10 code I20 as captured in the linked hospitalization 

database. These codes have been previously used in other studies to successfully identify 

incident MI events from administrative health databases (11, 25, 29). Explanatory 

variables considered for this analysis included age, sex, HIV serostatus, CD4 cell count, 

pVL, ART drug exposure information, and prevalence of select comorbidities at baseline. 

The comorbidities considered were predefined based on ICD-9 and -10 codes and 

included: diabetes (ICD-9 code: 250; ICD-10 code: E10-14); hypertension (ICD-9 code: 

401-405; ICD-10 code: I10-I15); renal disease (ICD-9 code: 581-583, 585, 588, 593, 
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792.5, V42.0, V45.1, V56; ICD-10 code: N02.2, N03-N05, N08, N13.72, N18, N25); 

hepatitis B virus (HBV) infection (ICD-9 code: 070.2x, 070.30, 070.31, 070.42, 070.52, 

V02.61; ICD-10 code: B16, B17.0, B18.0, B18.1, B19.0, B19.10, B19.11, Z22.51); and 

hepatitis C virus (HCV) infection (ICD-9 code: 070.41, 070.44, 070.51, 070.54, V02.62; 

ICD-10 code: B17.10, B17.11, B18.2, Z22.52). The following variables specific to the HIV-

positive group were assessed as time-varying covariates at six-month intervals: CD4 cell 

counts; pVL; and ART drug exposures.  

5.3.4. Statistical Analysis 

Crude and age-specific incidence rates of MI per 1,000 person-years (PY) including the 

95% confidence intervals (CI) were calculated based on the observed number of MI events 

and PYs of observation. To adjust for differences in the age distribution between HIV-

positive and HIV-negative individuals, age-adjusted incidence rates were estimated using 

the direct standardization method with the 2011 Canadian censual population as the 

standard reference population. Data for the standard reference population with three age 

strata (19–49, 50–64, and ≥ 65 years) were obtained from Statistics Canada (30). Annual 

incidence rates of MI by HIV status and rate ratios were computed. The incidence rate of 

MI was plotted by HIV status and trend over time assessed using Kendall rank correlation. 

The distribution of the demographic and explanatory variables was compared according 

to HIV serostatus using Kruskal-Wallis test for continuous variables and Chi-squared tests 

for categorical variables. Using the Kaplan-Meier method, we constructed cumulative 

probability curves of the time to MI event according to HIV status and used log-rank test 

to assess statistical differences (p < 0.05) in the curves.  

To assess the association between HIV infection, other potential risk factors, and the risk 

of MI, we fit a series of multivariable Cox proportional hazards models. Two main analyses 

were performed. The first analysis (primary) performed among the entire study sample 

was used to estimate whether HIV infection or other covariates were associated with the 

risk of MI. The second analysis (secondary), which was restricted to HIV-positive 

individuals with complete ART history, examined whether exposure to ART regimens or 

other variables were associated with the risk of MI. Here, we examined whether exposure 

to protease inhibitors (PI), nucleoside reverse transcriptase inhibitors (NRTI), non-

nucleoside reverse transcriptase inhibitors (NNRTI), or abacavir was associated with 

increased risk of MI. To appropriately attribute the risk to ART exposure in the secondary 
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analysis, we reset the follow-up to begin from the time of ART initiation instead of the 

original baseline date. We evaluated whether the proportional hazards assumption was 

met by testing the Schoenfeld residuals as well as by visual inspection of the beta 

coefficients over different duration of follow-up among participants. The models were 

adjusted for age, sex, clinical status at baseline (i.e., having diabetes, hypertension, renal 

disease, HBV, or HCV), calendar year, time varying CD4 cell count, pVL, and exposure to 

ART. These time varying measures were adjusted for in the secondary analysis only.  

Since death may preclude the occurrence of MI for some participants, and we have 

previously demonstrated a significantly higher mortality rate among HIV-positive 

compared to HIV-negative individuals in our cohort (27), we performed a sensitivity 

analysis of the primary analysis by conducting a proportional sub-distribution hazards 

model with all-cause death as a competing risk. To examine whether the risk of MI in HIV-

positive relative to HIV-negative individuals decreased over time, we repeated our primary 

analysis within periods after partitioning the study follow-up into multiple calendar periods. 

Further, sensitivity analyses were performed by varying the number of years in the 

partitioned time periods to see what effect, if any, this would have on the risk estimate in 

the periods. All data manipulation and statistical analyses were performed using SAS 9.4 

(Cary NC, USA) and R Statistical Program version 3.3.1 (Vienna, Austria).  

 

5.4. Results 

5.4.1. Study Participants 

The analysis included 13,069 HIV-positive and 499,703 HIV-negative individuals with a 

follow-up of 103,952 PYs (median: 7.33 [25th, 75th percentile (Q1, Q3): 3.10, 13.00] years 

per person) and 5,266,083 PYs (median: 12.66 [5.00, 16.00] years per person) of 

observation, respectively, during the period from January 1, 1997 to December 31, 2012. 

Compared to the HIV-negative individuals in our study, HIV-positive individuals were more 

likely to be men and to be younger than 50 years of age at baseline. The prevalence of 

diabetes, hypertension, and renal disease was approximately 1.7%, 3.3% and 1.7% 

respectively among HIV-positive individuals, compared to 1.3%, 3.2% and 0.1% 
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respectively among HIV-negative individuals. The characteristics of the study participants 

according to HIV status are presented in Table 5.1. 

5.4.2. Incidence of MI in HIV-positive and HIV-negative Individuals 

During the 16 years of follow-up, 209 and 10,199 MI events occurred among HIV-positive 

and HIV-negative individuals, respectively (Table 5.2). The median age at MI diagnosis 

was lower among HIV-positive individuals compared to HIV-negative individuals (53 (Q1, 

Q3: 47, 62) vs. 71 years  (Q1, Q3: 60, 81); Table 5.1). Among HIV-positive individuals, the 

median CD4 cell count and pVL at MI diagnosis was 430 (Q1, Q3: 230, 630) cells/mm3 

and 1.69 (Q1, Q3: 1.69, 3.56) log10 copies/mL, respectively. The Kaplan-Meier plot (Figure 

5.1) did not suggest a significantly higher cumulative incidence of having a MI event 

among HIV-positive compared to HIV-negative individuals (p = 0.148). We estimated the 

crude incidence rate of MI during follow-up to be 2.01 (95% CI: 1.76, 2.30) among HIV-

positive individuals compared to 1.94 (95% CI: 1.90, 1.98) among HIV-negative individuals 

(Table 5.2). In both HIV-positive and HIV-negative individuals, there was clear evidence 

of a higher incidence rate of MI with increasing age (Table 5.2). Figure 5.2 shows the 

result of the analysis of trend over time in the incidence rate of MI according to HIV status. 

While we observed the incidence rate of MI to be relatively stable over time among HIV-

negative individuals, that of HIV-positive individuals fluctuated and appeared to show an 

increasing trend with time, albeit not significantly (p = 0.35 for trend). Over the entire study 

period, the age-adjusted incidence rate of MI was 2.18 (95% CI: 1.83, 2.53) among HIV-

positive individuals and 1.57 (95% CI: 1.54, 1.61) among HIV-negative individuals 

resulting in an age-adjusted rate ratio of 1.39 (95% CI: 1.16, 1.61).  

5.4.3. Association Between HIV Infection, Other Explanatory Variables 
and the Risk of MI 

The risk of MI during the study follow-up period was significantly higher among HIV-

positive individuals compared to HIV-negative individuals (adjusted hazard ratio [aHR]: 

1.79, 95% CI: 1.56, 2.06; Table 5.3). We also found increasing age, male sex, and having 

a diagnosis of diabetes, hypertension or renal disease at baseline to be significantly 

associated with higher risk of MI (Table 5.3). In the analysis of MI risk within partitioned 

calendar periods, HIV-positive individuals had a significantly higher risk of MI in all the 

periods, except for the 1997–1999 and 2011–2012 periods (Table 5.4). The magnitude of 
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the risk estimates across periods did not show evidence of a decline in risk over time 

(Table 5.4). In sensitivity analyses where we redistributed the number of observation years 

in the partitioned calendar periods in a fashion similar to that of Klein and colleagues (26), 

we did not observe a trend suggestive of a decline in risk over time (data not shown). 

Furthermore, the previously observed significant association between HIV infection, other 

explanatory factors, and MI risk was not attenuated after accounting for competing risk of 

death in additional sensitivity analyses (aHR for MI in HIV-positive vs. HIV-negative 

individuals: 1.31, 95% CI: 1.14, 1.51). 

5.4.4. Association of ART Drugs and the Risk of MI 

With respect to ART exposure, separate fully adjusted models characterizing MI risk 

associated with different exposure types—either as a continuous variable (i.e., 

‘cumulative’ exposure) or as a categorical variable (i.e., recent exposure [within the prior 

six months] – yes/no; and ‘ever’ exposed – yes/no)—were explored in a subset of HIV-

positive individuals with complete ART history. We did not find a ‘class-level’ association 

between cumulative exposure to any of the three main ART drug classes (i.e., PIs, NRTIs, 

or NNRTIs) and risk of MI among the 9,592 HIV-positive individuals with complete drug 

information. However, there was a 13% higher hazard of MI for each year of exposure to 

abacavir—an NRTI (aHR: 1.13, 95% CI: 1.06, 1.22; Table 5). Increasing age, male sex, 

and having diabetes at baseline were also significantly associated with higher risk of MI in 

this model exclusive to HIV-positive individuals only (Table 5.5). The models were 

adjusted for age, sex, clinical status at baseline, time-varying CD4 cell count, time-varying 

pVL, and exposure to ART drug classes. When drug exposure was modeled as a 

categorical variable, having ever or recently being exposed to abacavir (aHR for ever 

exposed: 2.17, 95% CI: 1.55, 3.05 vs. 2.14, 95% CI: 1.53, 2.98 for recent exposure) or PI 

(aHR for ever exposed: 1.62, 95% CI: 1.04, 2.54 vs. 1.51, 95% CI: 1.03, 2.20 for recent 

exposure) was significantly associated with higher MI risk. Increasing age, male sex, and 

having diabetes at baseline continued to be significantly associated with higher risk of MI 

in these models (data not shown).   
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5.5. Discussion 

In this large population-level analysis of 512,772 HIV-positive and HIV-negative 

individuals followed in the period from 1997 to 2012, we observed a significantly greater 

risk of MI among HIV-positive compared to HIV-negative individuals. The direction of the 

association between HIV infection and MI was not attenuated after accounting for the 

competing risk of death; however, there was a slight decrease in the magnitude of the 

effect. We also found increasing age, male sex, and a diagnosis of diabetes, hypertension, 

or renal disease to be associated with a greater risk of MI in the entire sample. Among 

PLHIV, increasing age, male sex, a diagnosis of diabetes, and exposure to particular ART 

regimen were significantly associated with higher risk of MI. With respect to the 

association between ART drug exposure and MI risk, use of abacavir was positively 

associated with a greater risk of MI irrespective of the exposure type (i.e., ever, recent, or 

cumulative exposure). Furthermore, ever or recent exposure to PIs as a drug class was 

positively associated with increased risk of MI.  

Our results are consistent with previous findings from other settings that have reported a 

higher risk of MI among HIV-positive compared to HIV-negative individuals (9-13, 26). The 

magnitude of the risk of MI observed in our study (79% greater risk among HIV-positive 

compared to HIV-negative individuals) is comparable to that reported in other studies 

(range: 40% to 110% greater risk) (9-12, 26). Our findings do not support a 2015 report 

from the United States (26) that suggested a declining relative risk of MI over time among 

HIV-positive compared to HIV-negative individuals. Although the reason for the discordant 

result is unclear, we suspect that heterogeneity in the demographics of our populations, 

including differences in the observation periods in the partitioned calendar years, may 

account for some of the differences. In our study, MI events were uncommon during the 

early period of the study (before year 2000), perhaps because HIV-positive individuals 

were not living long enough to experience MI during those times given the competing risk 

of death from HIV/AIDS. Our results demonstrating that increasing age, male sex, and the 

presence of certain clinical characteristics such as diabetes, hypertension, and renal 

disease are associated with increased risk of MI are consistent with previous studies that 

have examined MI risk among PLHIV (11, 12, 16).  

The evidence regarding the potential association between exposure to ART regimens and 

the risk of MI among PLHIV is far from uniform (19). In this regard, specific ART drugs 
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(e.g., abacavir) or class of ART drugs (e.g., PI) have been at the forefront of the ongoing 

debate. With respect to the risk associated with use of PIs, our results support this long-

held notion that most PIs increase the risk of MI (17, 18). While PI-induced dyslipidemia 

has often been implicated as a key driver of this high risk (18), this alone may not explain 

everything. Our results confirm reports from previous observational studies that have 

demonstrated a positive association between abacavir exposure and MI risk (11, 24, 31-

33) but contradicts others, in particular randomized controlled trials (RCT), which have not 

found evidence of such a risk (25, 34-36). The lack of agreement between results from 

observational studies and RCTs remains and will likely continue to be a reason for a lack 

of consensus regarding the association between exposure to specific ART and MI risk 

among PLHIV. While observational data are limited by their non-randomized nature and 

residual confounding, RCTs also have important limitations particularly related to: short 

study follow-up; small sample size, which may at best be underpowered to assess the 

incidence of CVD-related outcomes; and the inclusion of trial participants who may not 

have typical risk factors common to individuals at risk of CVD-related outcomes. Given the 

foregoing, the controversy regarding the potential association between abacavir use and 

risk of MI will likely continue to plague the field of HIV therapeutics until such a time that a 

sufficiently powered RCT with long follow-up and including real-world populations 

reflective of those typically seen clinically can be conducted to validate the findings from 

this study and other observational studies (37, 38).   In terms of the mechanism underlying 

the risk associated with abacavir, the exact physiologic explanation is still uncertain (37, 

38). One standing hypothesis is that due to the chemical structure of abacavir, its use may 

be linked with vascular inflammation and impaired endothelial function that contributes to 

atherosclerosis (22, 39, 40).  

There are several important limitations to be considered in the interpretation of our 

findings. We did not have data for several known risk factors of MI, such as family history 

of CVD or smoking, which is believed to be more common among HIV-positive individuals 

(15). Our inability to adjust for these may have artificially driven up our effect estimates. In 

addition, due the retrospective nature of the COAST study, we relied on ICD 9 and 10 

codes for the identification of MIs and were unable to perform clinical validation of the MI 

cases. However, MIs in this study were assessed in the same way for both HIV-positive 

and HIV-negative individuals, thus eliminating any potential differential misclassification 

issues. Furthermore, we cannot exclude the possibility of unmeasured confounding that 
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may not have been accounted for in our models. Finally, like all observational studies, we 

cannot infer a cause and effect relationship between the explanatory variables examined 

and the risk of MI. Given these limitations, our results should therefore be interpreted with 

caution. Despite these limitations, our study is among the few studies of MI risk among 

PLHIV that have used a control group of HIV-negative individuals as a benchmark to 

assess MI risk associated with HIV infection. In this regard, the HIV-negative control group 

used in this study included individuals from the same setting and who use the same 

universal health care system as the HIV-positive individuals. In this way, we minimized 

potential selection bias that may have arisen from using an external comparison group or 

a group that had different access to care. Furthermore, the long study follow-up, large 

sample size, and the population-based nature of the COAST cohort lend additional 

strength to the study.   

In conclusion, our findings indicate that HIV-positive individuals have a greater risk of MI 

compared to HIV-negative individuals. We also show that older age, male sex, and the 

presence of certain clinical characteristics such as diabetes, hypertension, and renal 

disease are associated with increased risk of MI. Among HIV-positive individuals, our 

results show that being exposed to abacavir, including certain exposures to PIs as a drug 

class, is associated with greater risk of MI. Taking our findings together with the existing 

evidence on MI risk among PLHIV, HIV care providers should take an individual’s 

cardiovascular risk profile into consideration in conjunction with the risk associated with 

specific ART drugs when deciding on the best treatment strategy to follow.  

In terms of the public health relevance of our results, a further implication of this study’s 

findings points to the need for clinicians to screen their patients for potential risk factors 

for MI, some of which are behavioural and modifiable. Once risk factors are identified, 

individuals who have those risk factors should be encouraged to make appropriate lifestyle 

modifications that may help to reduce the risk of cardiac outcomes. In addition, for 

individuals already at risk of developing MI based on their known risk factors, it is important 

that the choice of ART is considered carefully. Our findings further highlight the need for 

clinical guidelines that will inform the management strategies for age-related comorbidities 

among PLHIV. On the policy front, policy and decision makers should enact sensible 

public health policies and programs that provide the right environment and infrastructure 

(e.g., local neighbourhood recreational centre/gym, bicycle lanes, smoking-free areas in 

public) to support individuals’ efforts to manage modifiable risk factors.  
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Table 5.1 Characteristics of the study participants  

Characteristics HIV-positive cohort  
N (%) 

HIV-negative cohort 
N (%) 

p-
value  

Sample size 13,069 (100) 499,703 (100) <0.001 
Age at baseline (years)    

19-49 10,962 (83.88) 369,585 (73.96) <0.001 
50-64 1,839 (14.07) 73,952 (14.80)  
≥ 65 268 (2.05) 56,166 (11.24)  

Age at baseline (years), median (Q1, Q3) 
years 39 (33, 46) 36 (24, 51) <0.001 

Sex   <0.001 
Female 2,578 (19.73) 249,134 (49.86)  
Male 10,491 (80.27) 250,569 (50.14)  

MI diagnosis   <0.001 
No 12,860 (98.40) 489,504 (97.96)  
Yes 209 (1.60) 10,199 (2.04)  

Diabetes at baseline   <0.001 
No 12,848 (98.31) 493,221 (98.70)  
Yes 221 (1.69) 6,482 (1.30)  

Hypertension at baseline   0.292 
No 12,632 (96.66) 483,832 (96.82)  
Yes 437 (3.34) 15,871 (3.18)  

Renal disease at baseline   <0.001 
No 12,854 (98.35) 498,986 (99.86)  
Yes 215 (1.65) 717 (0.14)  

Hepatitis C virus infection at baseline   <0.001 
No 12,900 (98.71) 499,695 (100.00)  
Yes 169 (1.29) 8 (0.00)  

Hepatitis B virus infection at baseline   <0.001 
No 12,701 (97.18) 499,467 (99.95)  
Yes 368 (2.82) 236 (0.05)  

Baseline CD4 cell count (cells/mm3)   - 
< 200 3,482 (26.64) -  
200-499 4,728 (36.18) -  
500+ 1,313 (10.05) -  
Unknown 3,546 (27.13) -  

Latest CD4 cell count (cells/mm3)   - 
< 200 2,260 (17.29) -  
200-499 3,916 (29.96) -  
≥ 500 4,292 (32.84) -  
Unknown 2,601 (19.90) -  

Baseline pVL (copies/mL)   - 
< 500 649 (4.97) -  
≥ 500 6,899 (52.79) -  
Unknown 5,521 (42.25) -  
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Characteristics HIV-positive cohort  
N (%) 

HIV-negative cohort 
N (%) 

p-
value  

Latest pVL (copies/mL)   - 
< 500 7,862 (60.16) -  
≥ 500 3,349 (25.63) -  
Unknown 1,858 (14.22) -  

Age at MI diagnosis, median (Q1, Q3) 
years* 53 (47, 62) 71 (60, 81) <0.001 

Follow-up time, median (Q1, Q3) years 7.33 (3.10, 13.00) 12.66 (5.00, 16.00) <0.001 
CD4 cell count at time of MI, median (Q1, 
Q3) cells/mm3 * 430 (230, 630) - - 
pVL at time of MI, median (Q1, Q3) log10 
copies/mL *  1.69 (1.69, 3.56) - - 

Legend:  
*, Among those who experienced an MI.  
Q1, 25th percentile; Q3, 75th percentile; pVL, plasma viral load 

 

 

Table 5.2 Incidence rate of myocardial infarction (MI) by HIV status and age 

UNADJUSTED HIV-positive HIV-negative 

Incidence rate 
ratio**   

# MI 
events 

Incidence 
rate/1000 PYs 
(95% CI) 

# MI 
events 

Incidence 
rate/1000 PYs 
(95% CI) 

Overall (all ages) 209 2.01 (1.76, 2.30) 10,199 1.94 (1.90, 1.98) 
1.04 (0.91, 
1.19) 

Age categories       

19-49 years 75 1.37 (1.09, 1.71) 903 0.39 (0.37, 0.42) 
3.50 (2.76, 
4.42) 

50-64 years 105 2.50 (2.07, 3.03) 2695 1.68 (1.62, 1.75) 
1.48 (1.22, 
1.80) 

≥ 65 years 29 4.10 (2.85, 5.90) 6601 4.87 (4.75, 4.99) 
0.84 (0.58, 
1.21) 

AGE-ADJUSTED* 

Overall (all ages) 209 2.18 (1.83, 2.53) 10,199 1.57 (1.54, 1.61) 
1.39 (1.16, 
1.61) 

Legend:  
*, Age-adjusted rates were estimated through the direct standardization method by using the 2011 Canadian 
censual population as the standard reference population.  
**, The reference group is HIV-negative individuals.  
CI, confidence intervals; MI, myocardial infarction; PY, person-years 
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Table 5.3 Crude and adjusted hazard ratio of myocardial infarction (MI) for the 
association with HIV infection and other explanatory variables 

Characteristics 

Hazard ratio (95% CI) 

Unadjusted Adjusted* 
HIV infection   

HIV-negative  1.00 (reference) 1.00 (reference) 
HIV-positive 1.11 (0.97, 1.27) 1.79 (1.56, 2.06) 

Age at baseline (per 10 years increase) 2.03 (2.00, 2.05) 2.03 (2.01, 2.06) 
Sex   

Female  1.00 (reference) 1.00 (reference) 
Male 1.85 (1.78, 1.93) 2.32 (2.23, 2.42) 

Diabetes at baseline   
No 1.00 (reference) 1.00 (reference) 
Yes 6.74 (6.29, 7.23) 2.43 (2.26, 2.61) 

Hypertension at baseline   
No 1.00 (reference) 1.00 (reference) 
Yes 4.89 (4.63, 5.15) 1.45 (1.37, 1.53) 

Renal disease at baseline   
No 1.00 (reference) 1.00 (reference) 
Yes 7.12 (5.79, 8.76) 2.60 (2.11, 3.21) 

HCV infection at baseline   
No 1.00 (reference)  
Yes 1.63 (0.41, 6.49) NS 

HBV infection at baseline   
No 1.00 (reference)  
Yes 3.06 (2.04, 4.61) NS 

Calendar year at baseline   
1997–2000  1.00 (reference) 1.00 (reference) 
2001–2004 0.28 (0.24, 0.31) 0.71 (0.63, 0.81) 
2005–2008 0.32 (0.27, 0.37) 0.83 (0.72, 0.97) 
2009–2012 0.26 (0.19, 0.34) 0.73 (0.55, 0.99) 

Legend:  
*, Model is adjusted for age, sex, HIV status, clinical status at baseline, and calendar year at baseline.  
CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; NS, not selected 
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Table 5.4 Crude and adjusted hazard ratio of myocardial infarction (MI) in HIV-
positive compared to HIV-negative individuals, by calendar periods 

Calendar period  

Hazard ratio (95% CI) * 

Unadjusted Adjusted** 
1997–2012 (overall) 1.11 (0.97, 1.27) 1.79 (1.56, 2.06) 

1997–1999 (3 years) 1.02 (0.86, 1.20) 1.40 (0.84, 2.34) 
2000–2003 (4 years) 1.20 (1.03, 1.40) 1.55 (1.12, 2.14) 
2004–2007 (4 years) 1.60 (1.36, 1.89) 1.42 (1.08, 1.86) 
2008–2010 (3 years) 2.13 (1.75, 2.60) 1.41 (1.08, 1.84) 
2011–2012 (2 years) 2.54 (1.88, 3.43) 1.30 (0.96, 1.76) 

Legend:  
*, The reference group is HIV-negative individuals.  
**, Model is adjusted for age, sex, clinical status at baseline, and calendar year at baseline.  
CI, confidence interval 
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Table 5.5 Crude and adjusted hazard ratio of myocardial infarction (MI) for the 
association with cumulative ART exposure and other explanatory 
variables among HIV-positive individuals 

 Hazard ratio (95% CI) 
Characteristics Unadjusted Adjusted 
Age at baseline (per 10 years increase) 2.18 (1.90, 2.50) 2.03 (1.75, 2.35) 
Sex   

Female 1.00 (reference) 1.00 (reference) 
Male 3.25 (1.66, 6.37) 2.32 (1.17, 4.58) 

Diabetes at baseline   
No 1.00 (reference) 1.00 (reference) 
Yes 4.80 (2.45, 9.41) 2.43 (1.20, 4.92) 

Hypertension at baseline   
No 1.00 (reference) 1.00 (reference) 
Yes 3.70 (2.00, 6.86) 1.56 (0.80, 3.06) 

Renal disease at baseline   
No 1.00 (reference) 1.00 (reference) 
Yes 1.50 (0.70, 3.21) 1.09 (0.49, 2.42) 

HCV infection at baseline   
No 1.00 (reference) 1.00 (reference) 
Yes 1.06 (0.26, 4.33) 1.05 (0.23, 4.82) 

HBV infection at baseline   
No 1.00 (reference) 1.00 (reference) 
Yes 0.90 (0.37, 2.20) 1.02 (0.37, 2.77) 

CD4 (cells/mm3; time-varying)   
< 200 1.00 (reference) 1.00 (reference) 
200-499 1.28 (0.76, 2.16) 1.05 (0.62, 1.80) 
≥ 500 1.38 (0.82, 2.35) 1.08 (0.62, 1.89) 
Unknown 0.73 (0.36, 1.49) 0.96 (0.43, 2.18) 

pVL (copies/ml; time-varying)   
< 500 1.00 (reference) 1.00 (reference) 
≥ 500 0.62 (0.41, 0.94) 0.86 (0.54, 1.37) 
Unknown 0.36 (0.15, 0.87) 0.58 (0.20, 1.74) 

Calendar year at baseline   
1997–2000  1.00 (reference) 1.00 (reference) 
2001–2004 1.14 (0.72, 1.81) 0.74 (0.46, 1.21) 
2005–2008 1.25 (0.73, 2.16) 0.67 (0.37, 1.20) 
2009–2012 1.16 (0.48, 2.84) 0.69 (0.28, 1.73) 

PI per year of exposure* 1.06 (1.00, 1.12) 1.03 (0.97, 1.09) 
NNRTI per year of exposure* 1.04 (0.98, 1.10) 1.00 (0.94, 1.06) 
NRTI per year of exposure* 1.06 (1.00, 1.12) 0.93 (0.86, 1.01) 
Abacavir per year of exposure* 1.17 (1.10, 1.24) 1.13 (1.06, 1.22) 

Legend:  
*, This was assessed as a time-varying measure. 
Model is adjusted for age, sex, clinical status at baseline, time-varying CD4 cell count and pVL, calendar year at 
baseline and exposure to ART regimen.  
CI, confidence interval; PI, protease inhibitors; NRTI, nucleoside reverse transcriptase inhibitors; NNRTI, non-
nucleoside reverse transcriptase inhibitors  
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Figure 5.1 Kaplan-Meier plot of time to MI according to HIV status  

 

 
Figure 5.2 Changes over time in the crude incidence rate of MI according to 

HIV status 

Legend:  
Arrows in the figure legend show the trend (i.e., increasing or decreasing) in the incidence rate 
and the p-value specifies whether it is a statistically significant change. 
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Chapter 6. 
 
Conclusion 

6.1. Abstract  

This concluding chapter summarizes the findings of my doctoral work; discusses the 

implications of these findings in terms of clinical and policy relevance; describes the 

strengths and limitations of the methods employed in carrying out the research; and 

discusses potential areas for future work, especially in relation to emerging issues among 

aging HIV-positive individuals.  

 

6.2. Summary of Findings and Implications 

Within the context of aging with HIV in the combination antiretroviral therapy (ART) era, 

this doctoral work aimed to: generate evidence regarding the changes in mortality rates 

and causes of death between 1996 and 2012 among HIV-positive and HIV-negative 

individuals in British Columbia (BC), Canada; assess the impact of such changes on life 

expectancy in terms of the cause-deleted life expectancy and potential gains in life 

expectancy; and estimate the risk of myocardial infarction (MI) in the period since ART 

introduction in 1996.  

Chapter 2 (manuscript currently under review at a journal) presented a systematic review 

of the published literature. This review was undertaken to summarize evidence relating to 

the risk of MI among HIV-positive individuals. It was conducted in part to inform 

subsequent research (Chapter 5), where we empirically investigated the association 

between HIV infection, ART exposure, other potential explanatory factors, and risk of MI 

in a population-based cohort of HIV-positive and HIV-negative individuals. As part of this 

systematic review, a series of meta-analyses were performed to estimate the relative risk 

(RR) of MI according to multiple risk stratifications.  
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The key findings of this review follow. With respect to the relationship between HIV 

infection and risk of MI, the totality of the evidence for an association is compelling. The 

pooled RR from our analyses suggests that HIV-positive individuals are at a greater risk 

of having a MI compared to HIV-negative individuals. The finding from this meta-analysis 

suggesting that HIV infection is associated with an increased risk of MI is supported by 

the results from an empirical study that we conducted as part of this doctoral work (Chapter 

5). Given the potential mechanistic processes involving chronic inflammation, 

immunodeficiency or CD4 cell depletion through which HIV is suspected to contribute to 

the occurrence of MI (1-4), it is important that treatment with ART is started early as soon 

as HIV infection is confirmed to avoid massive CD4 cell depletion and to bring the viral 

load to undetectable levels. In this way, one or more of the mechanisms through which 

HIV infection contributes to MI risk may be disrupted and MI risk may be minimized. Such 

an approach will certainly require careful consideration of the type of ART employed, as 

results from both the systematic review and meta-analysis (Chapter 2) and the empirical 

study (Chapter 5) confirm the long-standing notion that exposure to some ART regimen is 

associated with some risk of having an MI event. Regarding exposure to specific ART 

class or regimen and MI risk, protease inhibitor (PI)-based regimens as a class were 

significantly associated with greater MI risk, although we show that this risk was different 

for different PIs. In contrast, we did not find an association between non-nucleoside 

reverse transcriptase inhibitor (NNRTI) drugs and higher risk of MI. The evidence for an 

association between exposure to abacavir—a nucleoside reverse transcriptase inhibitor 

(NRTI)—and increased risk of MI continues to be a contentious topic. Although our results 

from Chapter 2 and Chapter 5 are consistent with that of a previous meta-analysis that 

demonstrated that exposure to abacavir is associated with a significantly higher risk of MI 

(5), it is at odds with results from the meta-analysis of randomized controlled trials (RCT) 

(6, 7). Part of the discrepant findings may be due to the differences in the study designs, 

length of follow-up, and the differences in the type of participants included in observational 

studies and RCTs.  

Taken together, our collective findings based on this systematic review and meta-analysis 

(Chapter 2) as well as the results from Chapter 5 suggests that multiple factors including 

HIV infection itself and exposure to ART or specific ART regimens may account in part for 

the higher risk of MI among HIV-positive compared to HIV-negative individuals. However, 

given the controversial results on the association between abacavir and risk of MI and the 
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generally discordant findings between observational studies and RCTs, additional 

rigorously conducted studies in real-world populations are urgently needed to strengthen 

the existing evidence on the topic. Until this controversy is fully resolved, ART treatment 

considerations should take an individual’s risk profile for CVD (e.g., older age, diabetes) 

and ART type into consideration when deciding on the management/treatment strategy to 

take. Given that multiple factors including some that are modifiable (e.g., smoking) may 

contribute to MI risk among PLHIV, it is critical that efforts to modify such risk factors are 

actively pursued as part of the overall management strategy among PLHIV.  

Using data from the Comparative Outcomes And Service Utilization Trends (COAST) 

cohort study, in Chapters 3 to 5, we presented data describing a series of empirical studies 

that: (1) examined the changes in mortality rates and causes of death over time (Chapter 

3); (2) assessed its impact on life expectancy in terms of the cause-deleted life expectancy 

and potential gains in life expectancy (Chapter 4); and (3) estimated the association 

between multiple risk factors and the risk of myocardial infarction (MI) among HIV-positive 

and HIV-negative individuals in BC (Chapter 5).   

Chapter 3 (published in the BMC Infectious Diseases journal) (8) demonstrates that 

compared to HIV-negative individuals, the causes of death among HIV-positive individuals 

in BC have changed considerably since the introduction of ART in 1996. We showed the 

marked decline in mortality rates from all-cause, HIV/AIDS-related, drug abuse and 

overdose, and liver disease among persons living with HIV (PLHIV) in the period from 

1996 to 2012. Despite the mortality rate decline observed among PLHIV from 1996 to 

2012, the risk of death is still considerably higher compared to HIV-negative individuals in 

BC. Compared to other causes of death among PLHIV, we also demonstrated that the 

proportion of deaths attributable to non-AIDS-defining cancers and CVD has increased 

since the period of ART introduction. Importantly, we highlight that HIV/AIDS is still the 

leading cause of death among PLHIV, and non-AIDS-defining cancers have emerged to 

become the leading non-HIV/AIDS-related cause of death in both HIV-positive and HIV-

negative individuals. Given these findings, it is clear that ongoing monitoring of mortality 

trends by cause is essential and can provide us with the necessary data to target public 

health efforts at the conditions that influence morbidity and mortality. Although much 

progress has been made in dramatically reducing deaths from HIV/AIDS, these data 

suggest that HIV is still a major driver of premature death in this population. In the absence 

of a vaccine or a cure, we believe that health promotion messaging regarding prevention 
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of new infections should continue to be delivered alongside efforts to increase access to 

HIV treatment and care as this can play a role in reducing future infections. In addition, 

efforts such as the Treatment as Prevention (TasP) strategy in BC and elsewhere (9-11)— 

which places an emphasis on increased HIV treatment uptake—will no doubt continue to 

save lives and improve overall survival, but including geriatric-related care as part of the 

management strategy of aging HIV-positive individuals will likely yield even better returns 

both clinically and economically. Therefore, policy makers and the clinical community 

should embrace a model of care that incorporates both HIV-specific and geriatric care into 

the management of PLHIV as they age in the era of ART.  

Chapter 4 (manuscript currently under review at a journal), which builds upon the work 

conducted in Chapter 3, examines the potential impact of various causes of death on the 

life expectancy of HIV-positive compared to HIV-negative individuals in BC, in terms of the 

cause-deleted life expectancy and potential gains in life expectancy over time. To our 

knowledge, this is the first study to examine life expectancy using a cause-deleted life 

expectancy approach in a population-level cohort of HIV-positive and HIV-negative 

individuals. Here, we demonstrated that among HIV-positive individuals, the hypothetical 

elimination of HIV/AIDS-related deaths leads to the greatest impact in terms of potential 

gains in life expectancy in the period from 1996 to 2012. The study’s result also 

demonstrates that managing CVD and non-HIV/AIDS-defining cancers among PLHIV now 

has the same impact on life expectancy in this population as in the HIV-negative 

population. Given the shift in the causes of morbidity and mortality that we continue to 

observe among PLHIV as a result of ART’s effectiveness (as descried in Chapter 3 as well 

as other studies from elsewhere), the full extent of the evolution in the causes of mortality 

remains to be fully defined. What this all means is that public health interventions to 

improve the lives of PLHIV have to take a holistic approach that incorporates both HIV 

treatment-specific interventions alongside other non-HIV-targeted interventions such as 

effective risk factor management that promote healthy lifestyles to mitigate potential risk 

of some comorbid conditions such as CVD, which are increasingly prevalent among aging 

HIV-positive individuals living in the ART era.  

Chapter 5 (manuscript is currently in development) addresses a similar research question 

as the systematic review and meta-analysis (Chapter 2) that was performed as part of this 

doctoral work. Unlike Chapter 2, which is a comprehensive review of the existing evidence 

to date, here we undertook an empirical study using data from the COAST study to 
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estimate the association between HIV infection, ART, other explanatory variables, and risk 

of MI in a population-based cohort of HIV-positive and HIV-negative individuals. The main 

findings of this study were that: (1) HIV infection is associated with an increased risk of 

MI; (2) increasing age, male sex, and diagnosis of diabetes, hypertension, or renal disease 

in this cohort of HIV-positive and HIV-negative individuals; (3) among PLHIV, increasing 

age, male sex, and a diagnosis of diabetes continue to be associated with a greater risk 

of MI; (4) specific to ART and MI risk, abacavir was found to be significantly associated 

with increased risk of MI irrespective of the exposure type considered; and (5) ever or 

recent exposure to protease inhibitors as a drug class were found to be associated with 

increased MI risk. Although we recognize that smoking and illicit drug use are known risk 

factors for MI and, therefore, important variables to account for in the analysis of MI risk, 

it is worth noting that the analyses presented in this study of MI did not adjust for smoking 

or illicit drug use due to lack of such data in the COAST cohort. Therefore, it is possible 

that the effect estimates obtained from our model may have been artificially higher than 

would have been if we had accounted for these variables, although we do not believe that 

the overall association would have been importantly attenuated because of this. For 

example, reports from other studies that adjusted for smoking and substance use reached 

similar conclusions but with a slightly lower relative risk ranging from 1.40 to 1.48 (4, 12) 

compared to 1.79 that we obtained in our analysis of MI risk comparing HIV-positive to 

HIV-negative individuals. Other studies like ours that were unable to adjust for smoking in 

the analysis of MI risk among PLHIV also reached a similar conclusion (13, 14). Taken 

together, these data from Chapter 5—regarding higher MI risk among HIV-positive relative 

to HIV-negative individuals—in addition to findings from Chapters 2 to 4 highlight the 

increasing relevance of other non-HIV-specific comorbidities and support an approach that 

considers an individual’s clinical and risk profile for MI or other relevant illnesses when 

making decisions on whether to use a particular ART regimen as part of an individual’s 

HIV treatment strategy.  

In summary, the cumulative findings from Chapters 2 to 5 highlight the increasing 

prominence of non-HIV-related causes of morbidity and mortality among PLHIV and their 

relevance to the overall health and management strategies for aging HIV-positive 

individuals. Drawing upon the conceptual frameworks—that is, the Life Course 

Perspective in Health and the Syndemic Theory in HIV/AIDS (15, 16) introduced in 

Chapter 1—to better understand the broader elements that may underlie my study’s 
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findings and the evidence to date on the HIV epidemic in BC, it can be argued that the 

social determinants of health and syndemic (or the co-occurrence of multiple diseases or 

health problems that synergistically interact to exacerbate the resultant burden of disease) 

(17) play an active role in driving the overall burden of HIV disease is BC. A study 

conducted at the epicentre of the HIV problem in BC found that Vancouver’s HIV epidemic 

is concentrated among injection drug users (IDUs), female sex workers (FSW) and men 

who have sex with men (MSM) (18). Furthermore, a substantial proportion of HIV-positive 

individuals in the BC environment are hard-to-reach and socio-economically 

disadvantaged individuals who are either homeless or suffering from mental health, 

addictions, and substance abuse problems (19). The evidence also shows an over-

representation of persons of Aboriginal ancestry in the HIV epidemic in BC (20). Our 

results including reports from other studies signal that compared to HIV-positive men in 

BC, HIV-positive women appear to have a worse morbidity and mortality prognosis (21). 

Collectively, these findings directly or indirectly point to the role of the social determinants 

of health in driving higher vulnerability to unfavorable health outcomes among PLHIV. 

Within the context of the HIV epidemic and its associated burden in BC, elements of the 

social determinant of health are clearly evident through: homelessness and the lack of 

stable housing (22); marginalization and lack of engagement with the healthcare system 

including low access and adherence to ART among specific population groups such as 

IDU and FSW (20, 21); systemic inequities according to gender or ethnic background (e.g., 

being of an Aboriginal ethnicity) (23); and the criminalization of illicit drug use and female 

sex work that may increase the likelihood of engaging in risky behaviours with resultant 

negative health impacts (24).  

Although HIV-specific care is integral to the long-term improvement, survival, and health 

of aging HIV-positive individuals, just like for HIV-negative individuals, efforts to improve 

the overall health of PLHIV must now consider both modifiable and non-modifiable risk 

factors that influence conditions/illnesses that are typically observed as individuals age. 

From a life course and syndemic framework/perspective in HIV/AIDS, efforts to address 

the broader underlying issues arising from structural and systemic inequities related to the 

social determinants of health will require a long-term approach that involves both the 

enactment of sound public health and social inclusion policies as well as targeted strategic 

interventions, such as improved housing opportunities and safer environments to mitigate 

risk-taking behaviours. Our findings draw attention to the need for a broader HIV 
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management strategy that includes both HIV-specific and non-HIV-specific services 

among aging PLHIV. Finally, the establishment of specific management guidelines for 

older PLHIV that considers the emerging science and complexity of aging with HIV are 

urgently needed.  

6.3. Unique Contributions 

First, my doctoral work provided key evidence pertaining to the incidence and risk of MI 

among PLHIV in BC (Chapter 5), including a comprehensive effort to summarize and 

meta-analyze the available data on the risk of MI among PLHIV in general (Chapter 2). 

Until this project, there has been limited Canadian-specific data regarding the incidence 

of MI and the association between potential explanatory variables and the risk of MI 

among HIV-positive relative to HIV-negative individuals. My doctoral work has, therefore, 

contributed to knowledge in this regard, especially in the context of a geographical setting 

where there are no financial barriers to HIV treatment and related care. Given the general 

lack of uniformity of the available evidence on MI risk particularly with relation to ART 

exposure among PLHIV, my doctoral work on this topic—which includes both a systematic 

review and meta-analysis and an empirical analysis of cohort data—is a comprehensive 

attempt to resolve some of these inconsistencies and add to the growing body of 

knowledge on the topic. 

Second, I clearly characterized how mortality rates and the causes of death have changed 

in the period between 1996 and 2012 among HIV-positive compared to HIV-negative 

individuals in BC (Chapter 3). In this regard, I emphasized the fact that HIV continues to 

be the most important cause of death among HIV-positive individuals. Additionally, I also 

highlighted how CVD, non-AIDS-related cancers, and other comorbidities, which are key 

drivers of mortality among HIV-negative individuals, have become prominent contributors 

to morbidity and mortality among HIV-positive individuals. The findings of this study 

highlighted the need to continue to monitor the causes of mortality in order to have the 

necessary evidence to guide sound public health programs and efforts towards the 

conditions that influence morbidity and mortality. 

Third, I provided novel data describing how the changing causes of death over time among 

PLHIV may impact life expectancy in this population compared to that of HIV-negative 

individuals (Chapter 4). Importantly, I emphasized the integral role of HIV treatment efforts 
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in improving life expectancy among PLHIV, but also highlighted the importance of 

managing CVD and non-AIDS-related cancers among both HIV-positive and HIV-negative 

individuals. This study’s results further emphasize the need for a model of care among 

PLHIV that integrates HIV-specific services with geriatric-related and other old age 

clinically-relevant services which contribute to improving the health and longevity of 

PLHIV.  

Fourth, the administration of the data linkage performed between the BC Centre for 

Excellence in HIV/AIDS (BC-CfE) Drug Treatment Program (DTP) and Population Data 

BC and the subsequent creation of the COAST cohort study was an incidental component 

of my doctoral work. Specifically, I played an integral role in the development of the 

COAST cohort study and facilitated the preparedness of the study data for usage, as 

several of my doctoral research analyses were based on the data. The development of 

the COAST study forms part of the first and only effort to date in Canada to characterize 

and compare health outcomes between a population-level cohort of HIV-positive and HIV-

negative individuals. The COAST study has thus enabled us to explore and compare 

differences in disease outcomes between HIV-positive and HIV-negative individuals. This 

kind of comparison with HIV-negative individuals is becoming increasingly common in 

chronic disease studies (25) and can serve as a benchmark to assess improvements in 

the health of HIV-positive individuals relative to the general population. Apart from the 

specific analyses conducted as part of this doctoral work, use of the COAST data has 

allowed members of our research team to characterize and compare the incidence and 

risk of several health outcomes among HIV-positive and HIV-negative individuals (26, 27).  

Finally, through its collective findings, my research sheds light on some of the unanswered 

questions surrounding aging with HIV. Furthermore, as part of this effort, I point to potential 

areas of future work that will help us to better understand how to address and manage the 

increasingly complex health needs of aging HIV-positive individuals.  

 

6.4. Strengths and Limitations 

Like most scientific research, the research studies described in this dissertation have their 

strengths and limitations, which have been described extensively as part of the discussion 
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section of Chapters 2 to 5. Here, I allude briefly to strengths and limitations that may apply 

broadly to the empirical studies performed as part of this work.  

The analyses presented in Chapters 3 to 5 relied in part on existing data from 

administrative health databases that were linked with longitudinally collected data from the 

BC-CfE DTP to create the COAST study. Administrative data can be prone to incomplete 

coding and may lack key variables required for rigorous examination of potential 

associations with outcomes. Specific to my studies, chief among these limitations were 

the lack of several key variables such as smoking and injection drug use (IDU) information. 

In this regard, efforts are currently underway by our team to define and validate a case-

finding algorithm to positively identify individuals with a history of smoking or IDU in 

COAST.  

A common limitation with most retrospective cohort studies (especially one with a 

comparison group, as is the case with the COAST study) is the potential for selection bias 

to occur. However, since our HIV-positive cohort is population-based and includes the 

vast majority of individuals in BC known to be HIV-positive, and the HIV-negative 

comparison group includes randomly sampled BC residents who accessed the same 

universal health care system, it is unlikely that selection bias has been a major problem. 

One exception would be individuals who for some reason have not had any contact with 

the health care system—a situation that likely arises very infrequently given the universal 

nature of the health care system in BC.  

Another major concern with the kind of data used in these analyses is the potential for 

misclassification of exposure and outcome or loss to follow-up. This, however, should not 

be concerning. Exposure or outcome observed in these studies were assessed in the 

same way for all participants. In terms of loss to follow-up, we believe this may have been 

minimized by the extensive data linkage involving multiple data sources that we performed 

as part of the COAST study.  

Our study was performed in a setting with a universal health care system—in particular, 

one where access to HIV medicines are provided at no cost to HIV-positive individuals. 

Therefore, our results may not necessarily be generalizable to individuals in settings 

where access to universal health care does not exist (e.g., sub-Saharan Africa). Finally, 
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due to the observational nature of the empirical studies described in Chapters 3 to 5, the 

potential for unmeasured confounding remains.  

Despite these limitations, the relatively large, linked, and population-based nature of the 

COAST data has allowed us to observe small differences in the outcomes of interest and 

perform the kind of studies undertaken as part of this doctoral research. Indeed, in a 

setting such as with HIV/AIDS where multiple interacting factors come into play in 

producing health outcomes, the importance of linking data across multiple sources cannot 

be overemphasized (28). The universal health care system that operates in BC and the 

centralized nature of provincially collected administrative data on all British Columbians 

(i.e., Population Data BC holdings) coupled with the BC-CfE registry on HIV-positive 

individuals provided the environment for a study such as this one to thrive.  

 

6.5. Future Research 

A potential focus of future research would be repeating the empirical analyses (Chapters 

3 to 5) with updated data that extends up to 2017, thus reflecting more current patterns in 

the trends of health outcomes and the association between explanatory variables and 

outcomes. For example, it will be interesting to see how mortality rates and the causes of 

death described in Chapter 3 continue to evolve in the period past 2012. Furthermore, 

such an effort will allow us to include additional variables such as smoking and IDU 

information that may become available for use in the near future.   

Multimorbidity and polypharmacy, both of which were briefly mentioned in the background 

section of this dissertation, are two potential issues that will very likely plague aging HIV-

positive individuals in the coming years. Aging HIV-positive individuals are at high risk of 

polypharmacy because of the multiple comorbidities that they experience, which require 

pharmacotherapy in addition to ART that already contains three or more drugs (29). 

Polypharmacy can increase the risk of drug-to-drug interactions and contraindication 

issues that may arise from the use of multiple medications. As part of our efforts to better 

understand these issues, I will begin postdoctoral training at BC-CfE to examine the extent 

and risk of polypharmacy among HIV-positive as compared to HIV-negative individuals in 

BC. Hopefully the evidence from this potential future work will lend further support to and 
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increase the awareness of these issues among primary care physicians, HIV specialists, 

and geriatricians and hopefully bolster better ways to optimize the care and management 

of aging HIV-positive individuals.  

In Chapter 5, we examined the risk of MI comparing HIV-positive to HIV-negative 

individuals. Future work can extend this analysis further by stratifying HIV-positive 

individuals according to CD4 cell count or plasma viral load (pVL) levels and comparing 

the risk in these subgroups of HIV-positive individuals to that of HIV-negative individuals.  

Finally, the research findings discussed in this dissertation largely reflect those of an 

economically advantaged world setting where medical care and HIV treatments are readily 

accessible. In sub-Saharan Africa, where the epidemic is at its worst and access to HIV 

medicines is far from optimal among those who severely need it (30), additional research 

on these topics is critically needed to provide a complete understanding of the long-term 

impact of ART use, associated health outcomes, and the changes in causes of morbidity 

and mortality among aging HIV-positive individuals in these settings, and across the world 

as a whole.  

 

6.6. Conclusions 

The research performed as part of this doctoral work was driven in part by the gap in 

knowledge around specific issues related to aging with HIV in BC and within the Canadian 

context in the era of ART. The series of studies performed as part of this work have 

contributed to the expansion of knowledge both locally in BC and internationally as well. 

The presented data demonstrate that there has been a considerable decline in mortality 

rates and a dramatic shift in the causes of death among PLHIV in BC compared to HIV-

negative individuals in the period from 1996 to 2012. As shown in the cause-deleted life 

expectancy analyses, these changes have important implications for life expectancy, 

particularly among PLHIV. For example, we demonstrated that managing CVD and non-

AIDS-defining cancer deaths now has a similar impact on life expectancy in HIV-positive 

and HIV-negative individuals. In terms of the shifts in the causes of death, CVD has 

emerged as one of the leading causes of morbidity and mortality among PLHIV. However, 

the systematic review we performed demonstrates that the evidence surrounding specific 
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components of CVD risk among PLHIV is not uniform. In addition to several other 

explanatory variables, data presented here demonstrates that HIV infection and exposure 

to specific ART regimens are associated with an increased risk of MI. Moreover, we have 

shown that aging HIV-positive individuals are challenged with multiple emerging clinical 

issues on top of HIV itself, which, taken together, have a huge potential to further 

complicate the management of HIV.  

Our findings provide support for continued surveillance and monitoring of the trends in 

health outcomes as well as the risk factors associated with these outcomes. As we have 

shown, considering the complex interplay of multiple contributing factors in producing the 

health outcomes that we observe in individuals, the use of robustly linked data of the same 

individual from across multiple sources for research purposes has the potential to help us 

to better understand the contributing roles of diverse agents in our effort to provide 

evidence that can be useful in improving the health of persons living with and without HIV. 

In summary, our findings highlight the increasing need to concurrently consider multiple 

factors including HIV infection itself, other emerging non-HIV-related conditions, exposure 

to ART, and demographic and clinical risk factors as part of the efforts to address and 

improve the care of aging HIV-positive individuals. It is the hope that such a need will 

culminate in the establishment of specific management guidelines for aging PLHIV that 

consider the totality of the emerging science and the complexity of managing HIV as 

individuals age with the disease, as well as involve a consideration of the broader 

underlying social determinants of health that inevitably contribute to producing and 

shaping the health outcomes of aging HIV-positive individuals. 
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Appendix A.   
 
Supplementary Materials to Chapter 2 

Search Strategy 

Appendix Table A1. Search strategy  
1 hiv.af.  
2 human immunodeficiency virus.mp. [mp=ti, ot, ab, sh, hw, kw, tx, ct, tn, dm, mf, dv, nm, kf, px, rx, 

ui] 
3 acquired immunodeficiency syndrome.af.  
4 hiv aids.af.  
5 1 or 2 or 3 or 4  
6 stroke.mp. [mp=ti, ot, ab, sh, hw, kw, tx, ct, tn, dm, mf, dv, nm, kf, px, rx, ui] 
7 (myocardial infarction or heart attack).mp. [mp=ti, ot, ab, sh, hw, kw, tx, ct, tn, dm, mf, dv, nm, kf, 

px, rx, ui] 
8 cardiac death.af.  
9 cerebrovascular disease.mp. [mp=ti, ot, ab, sh, hw, kw, tx, ct, tn, dm, mf, dv, nm, kf, px, rx, ui] 
10 (ischemic heart disease or Ischaemic heart disease).mp. [mp=ti, ot, ab, sh, hw, kw, tx, ct, tn, dm, 

mf, dv, nm, kf, px, rx, ui] 
11 (cardiovascular disease or cvd).mp. [mp=ti, ot, ab, sh, hw, kw, tx, ct, tn, dm, mf, dv, nm, kf, px, 

rx, ui] 
12 6 or 7 or 8 or 9 or 10 or 11  
13 5 and 12  
14 limit 13 to human   
15 limit 14 to english language  
16 remove duplicates from 15 

Note: The searches were executed in the following four databases: (1) EBM Reviews - Cochrane Central Register of 
Controlled Trials <March 2017>; (2) EBM Reviews - Cochrane Database of Systematic Reviews <2005 to April 4, 
2017>; (3) Embase <1974 to April 6, 2017>; (4) Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations, Ovid 
MEDLINE(R) Daily, Ovid MEDLINE(R) and Ovid OLDMEDLINE(R) <1946 to April 6, 2017>. 

 

Study Selection 

The excluded studies included several key CVD review articles (1–8) and aggregate 

clinical trial studies (9–12) whose bibliographies were screened for identification of 

additional relevant studies. We also excluded a number of potentially eligible records when 

more comprehensive or updated results for the same participants and risk comparison 

were published in another report (13–16); risk associations were reported in a way that 
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would not allow for pairwise grouping with other studies reporting similar associations to 

facilitate pooling of results (17–21); or results were reported as number of events or 

unadjusted risk estimates only (22–24). 
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Characteristics and Risk of Bias in the Included Studies 

Appendix Table A2. Characteristics of included studies 

Author, year  Study 
type 

Location Mean 
follow-up 

Population Sample 
size (% 
male) 

Mean age  Outcome  Relevant risk 
association(s) examined 

Effect 
measure  

Drozd et al 
201625 

Cohort North 
America 

HIV+: 4.5 
years  
HIV-: 8.1 
years 

HIV+/HIV-  
(NA-ACCORD 
/ MESA) 

HIV+: 
29212 (80) 
HIV-: 6814 
(47) 

HIV+: 79% 
were < 50 
years 
HIV-: 13% 
were < 50 
years 

Type 1 
MI 

HIV+ vs. HIV- IRRβ 

Rosenblatt et 
al 2016a26 

Cohort USA EFV-cohort: 
23.2 months 
EFV-free: 
19.3 months 

HIV+ EFV-cohort: 
11978 (86) 
EFV-free: 
10234 (79) 

EFV-cohort: 
40.2 years 
EFV-free: 
40.7 years 

MI EFV exposure vs. not 
exposed 

HRβ 

Rosenblatt et 
al 2016b27 

Cohort USA ATV-cohort: 
24 months 
ATV-free: 
21  

HIV+ ATV-cohort: 
2437 (76) 
ATV-free: 
19774 (84) 

ATV-cohort: 
41.0 years 
ATV-free: 
40.4 years 

MI ATV exposure vs. not 
exposed 

HRβ 

Sabin et al 
201628 

Cohort Multi-
national 

7.0 (4.4-
11.1) yearsα 

HIV+ 49717 (74) 38 (32-44) 
yearsα  

MI Current ABC exposure vs. 
not current (1999-2013) 

IRRβ 

Salinas et al 
201629 

Cohort USA 1996-2012 
(follow-up) 

HIV+ 8168 (97) 46 (40-53) 
yearsα 

AMI VL at ART initiation ≥ 
100,000 copies/mL vs. < 
100,000  

HRβ 
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Author, 
year 

Study 
type 

Location Mean 
follow-up 

Population Sample size (% 
male) 

Mean age  Outcome  Relevant risk 
association(s) 
examined 

Effect 
measure  

Desai et al 
201530 

Cohort USA ~6.7 years HIV+ 24510 (98) 46.5 MI Current exposure 
to ABC vs. not 
currently exposed 
 
 

ORβ / HRβ 

        Current exposure 
to DDI vs. not 
currently exposed 

 

        Current exposure 
to ATV vs. not 
currently exposed 

 

        Current exposure 
to TDF vs. not 
currently exposed 

 

        Current exposure 
to LPV vs. not 
currently exposed 

 

        Current exposure 
to FTC vs. not 
currently exposed 

 

        Current exposure 
to 3TC vs. not 
currently exposed 

 

        Current exposure 
to d4T vs. not 
currently exposed 

 

        Current exposure 
to ZDV vs. not 
currently exposed 
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Author, 
year 

Study 
type 

Location Mean 
follow-up 

Population Sample size (% 
male) 

Mean age  Outcome  Relevant risk 
association(s) 
examined 

Effect 
measure  

        Current exposure 
to IDV vs. not 
currently exposed 

 

        Current exposure 
to NFV vs. not 
currently exposed 
 

 

        Current exposure 
to SQV vs. not 
currently exposed 

 

        Current exposure 
to RTV vs. not 
currently exposed 

 

        Current exposure 
to EFV vs. not 
currently exposed 

 

        Current exposure 
to NVP vs. not 
currently exposed 

 

Klein et al 
201531 

Cohort USA HIV+: 4.8 
years HIV-: 
5.8 years 

HIV+/HIV- 282,368 (91) HIV+: 41 years 
HIV-: 40 years 

MI HIV+ vs. HIV- IRRβ  

Palella et al 
201532 

Cohort  USA ~3.9 years HIV+ 16,733 (81) Reported 
proportion of 
individuals by 
age categories 

MI Recent ABC use 
vs. non-recent use 

HRβ 

Brouwer et 
al 2014b33 

Cohort USA 2007-2009 
(follow-up) 

HIV+/HIV- 167,439  (49) 46 (36-55) 
yearsα 

MI HIV+ vs. HIV- RRβ 

Drozd et al 
201434 

Cohort USA 1996-2012 
(follow-up) 

HIV+ 18,155 (NR) NR MI Current HIV RNA 
(log (copies/mL)+1) 

ORβ 
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Author, 
year 

Study 
type 

Location Mean 
follow-up 

Population Sample size (% 
male) 

Mean age  Outcome  Relevant risk 
association(s) 
examined 

Effect 
measure  

   NR HIV+ 17,626 (79)  Reported 
proportion of 
individuals by 
age categories 

Primary 
MI 

CD4 < 200 vs. ≥ 
200 

HRβ 

Silverberg et 
al 201435  

Cohort USA HIV+: 4.5 
years 
HIV-: 5.4 
years 

HIV+/HIV- HIV+: 22081 
(90.6) 
HIV-: 230069 
(90.5) 

Reported 
proportion of 
individuals by 
age categories 

MI ART-treated HIV+ 
vs. HIV- 
ART-untreated 
HIV+ vs. HIV- 

IRRβ 

        Recent HIV RNA 
(per 1 log increase) 

 

        Prior ART (yes vs. 
no) 

 

        Duration of PI use 
per year increase 

 

        Duration of NNRTI 
use per year 
increase 

 

Freiberg et 
al 2013 36  

Cohort USA 5.9 yearsα HIV+/HIV- HIV+: 27350 
(97.3) 
HIV-: 55109 
(97.2) 

HIV+: 48.2 
years 
HIV-: 48.8 years 

AMI HIV+ vs. HIV- HRβ   
 

        Recent CD4 < 200 
(yes/no) 

 

        Recent PI use 
(yes/no) 

 

Lang et al 
201237 

Nested 
case 
control 

France 4.0 years HIV+ Cases: 289 (88.9) 
Controls: 884 
(89.1)  

Cases: 47 (41-
54) yearsα 
Controls: 46 
(40-54) yearsα 

MI Current ABC vs. 
not current 
HIV RNA per log10 
increase  

ORβ 
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Author, 
year 

Study 
type 

Location Mean 
follow-up 

Population Sample size (% 
male) 

Mean age  Outcome  Relevant risk 
association(s) 
examined 

Effect 
measure  

Bedimo et al 
201138 

Cohort USA 3.9 years α HIV+ 19424 (98) 46 years α AMI 
 

Cumulative ABC 
HAART per year of 
exposure 
Current ABC 
HAART vs. neither 
ABC/TDF  
Cumulative ARV 
per year of 
exposure 

HRβ  

Choi et al 
201139 

Cohort USA 4.5 yearsα 
 

HIV+ 10931 (98) 46 to 49 years 
(within 
subgroups by 
ART use) 

MI Recent ABC vs. 
not recent ABC or 
TDF 
 

HRβ 
 

Durand et al 
201140 

Cohort Canada 4.0 years HIV+/HIV- 
 

HIV+: 7053 (78); 
HIV-: 27681 (78) 

HIV+: 39.5 
years  
HIV-: 39.7 years 

AMI HIV+ vs. HIV- HRβ 

 

 Nested 
case 
control 

  HIV+  Cases: 125 
(91.2);Controls: 
1084 (92.2) 

Cases: 49.0 
years 
Controls: 47.5 
years 

AMI ABC exposure vs. 
no exposure 

ORβ 

        Recent ABC vs. 
not recent 

 

        DDI exposure vs. 
no exposure 

 

        Recent DDI vs. not 
recent 

 

        TDF exposure vs. 
no exposure 

 

        Recent TDF vs. not 
recent 
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Author, 
year 

Study 
type 

Location Mean 
follow-up 

Population Sample size (% 
male) 

Mean age  Outcome  Relevant risk 
association(s) 
examined 

Effect 
measure  

        ATV exposure vs. 
no exposure 

 

        Recent ATV vs. not 
recent 

 

        Recent LPV vs. not 
recent 

 

        Recent RTV vs. 
not recent 

 

        Recent EFV vs. not 
recent 

 

        NVP exposure vs. 
no exposure 

 

        Recent NVP vs. 
not recent 

 

        FTC exposure vs. 
no exposure 

 

        Recent FTC vs. not 
recent 

 

        Recent 3TC vs. not 
recent 

 

        d4T exposure vs. 
no exposure 

 

        Recent d4T vs. not 
recent 

 

        ZDV exposure vs. 
no exposure 

 

        Recent ZDV vs. 
not recent 

 

        Recent IDV vs. not 
recent 
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Author, 
year 

Study 
type 

Location Mean 
follow-up 

Population Sample size (% 
male) 

Mean age  Outcome  Relevant risk 
association(s) 
examined 

Effect 
measure  

        NFV exposure vs. 
no exposure 

 

        Recent NFV vs. 
not recent 

 

        SQV exposure vs. 
no exposure 

 

        Recent SQV vs. 
not recent 

 

Carman et 
al 201141 

Cohort USA 1998-2007 
(follow-up) 

HIV+ 66286 (NR) NR AMI Recent ABC use 
vs. no use 
 

IRRβ 

        Recent PI use vs. 
no use 

 

Lang et al 
2010b42 

Cohort France 2000-2006 
(follow-up) 

HIV+/ 
general 
population 

HIV+:  ~ 74958 
General 
population: 
unclear 

35 to 64 years MI HIV+ vs. general 
population  

SMR 

Lang et al 
2010a43 

Nested 
case 
control 

France 2000-2006 
(follow-up) 

HIV+ Cases: 289 (89) 
Controls: 884 (89) 

Cases: 47 (41-
54) yearsα 
Controls: 46 
(40-54) yearsα 

MI Recent ABC 
exposure vs. no 
exposure 

ORβ 

        Cumulative ABC 
exposure vs. no 
exposure 

 

        Cumulative DDI 
per year of 
exposure 

 

        Cumulative TDF 
per year of 
exposure 
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Author, 
year 

Study 
type 

Location Mean 
follow-up 

Population Sample size (% 
male) 

Mean age  Outcome  Relevant risk 
association(s) 
examined 

Effect 
measure  

        Cumulative ZVD 
per year of 
exposure 

 

        Cumulative EFV 
per year of 
exposure 

 

        Cumulative NVP 
per year of 
exposure 

 

        Cumulative LPV + 
RTV per year of 
exposure  

 

        Cumulative NFV 
per year of 
exposure 

 

        Cumulative 3TC 
exposure per year 

 

        Cumulative d4T 
exposure per year 

 

Obel et al 
201044 

Cohort Denmark ~ 6.5 years HIV+ 2952 (76.4) 39.1 (33.0-46.6) 
yearsα  

MI ABC exposure vs. 
no exposure 

IRRβ  

Worm et al 
201045 

Cohort Multi-
national 

5.8 (3.9-
7.5) yearsα 

HIV+ 33308 (74) With MI: 49 (43-
65) yearsα  
Without MI: 44 
(38-50) yearsα 

MI Cumulative ABC 
exposure per year  

Relative 
rateβ   

        Recent TDF 
exposure vs. not 
recent 

 

        Cumulative TDF 
exposure per year 
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Author, 
year 

Study 
type 

Location Mean 
follow-up 

Population Sample size (% 
male) 

Mean age  Outcome  Relevant risk 
association(s) 
examined 

Effect 
measure  

        Recent DDI 
exposure vs. not 
recent 

 

        Cumulative LPV-
RTV exposure per 
year 

 

        Cumulative NFV 
exposure per year 

 

        Cumulative NVP 
exposure per year 

 

        Cumulative EFV 
exposure per year 

 

Triant et al 
201046 

Cohort USA 5.1 yearsα  HIV+ 6517 (69) 46 years AMI CD4 count < 
200/mm3 vs. ≥ 200 

ORβ  

        Nadir CD4 per 
50/mm3 increase 

 

        VL > 100,000 
copies/mL vs. ≤ 
100,000 

 

        HIV RNA per log 
10 increase 

 

        ART per year since 
first ART use 

 

        TDF use vs. none  
        ABC use vs. none  
        DDI use vs. none  
        FTC use vs. none  
        d4T use vs. none  
        NVP use vs. none  
        ATV use vs. none  
        NFV use vs. none  
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Author, 
year 

Study 
type 

Location Mean 
follow-up 

Population Sample size (% 
male) 

Mean age  Outcome  Relevant risk 
association(s) 
examined 

Effect 
measure  

        SQV use vs. none  
D:A:D Study 
Group et al 
2008b47 

Cohort Multi-
national 

5.1 yearsα  HIV+ 33347 (74) With MI: 49 
(range: 24-92) 
yearsα  
Without MI: 44 
(range: 12-95) 
yearsα 

MI Recent ABC 
exposure vs. never 
exposed to ABC 
 

Relative 
rateβ  

        Recent DDI 
exposure vs. never 
exposed 

 

        Cumulative DDI 
exposure per year 

 

        Recent ZDV 
exposure vs. never 
exposed 

 

        Recent ZDV 
exposure vs. not 
recent 

 

        Cumulative ZDV 
exposure per year 

 

        Recent 3TC 
exposure vs. not 
recent 

 

        Cumulative 3TC 
exposure per year 

 

        Recent d4T 
exposure vs. not 
recent  

 

        Recent d4T 
exposure vs. never 
exposed 
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Author, 
year 

Study 
type 

Location Mean 
follow-up 

Population Sample size (% 
male) 

Mean age  Outcome  Relevant risk 
association(s) 
examined 

Effect 
measure  

        Cumulative d4T 
exposure per year 

 

D:A:D Study 
Group et al 
2008a48 

Cohort Multi-
national 

4.5 yearsα HIV+ 28985 (NR) Reported by 
calendar period 

MI Cumulative 
exposure to PIs 
per year 
Cumulative 
exposure to 
NNRTIs per year 

Relative 
rateβ  

D:A:D Study 
Group et al 
200749 

Cohort Multi-
national 

4.5 yearsα  HIV+ 23437 (76) 39 (34-45) 
yearsα 

MI Nadir CD4 per 50 
cells/mm3 increase 

Relative 
rateβ  

Triant et al 
200750 

Cohort USA HIV+: 4.5 
years 
HIV-: 3.7 
years 

HIV+/HIV- HIV+: 3851 (69.9)  
HIV-: 1044589 
(40.9) 

HIV+: 38 (32-
44) yearsα 
HIV-: 39 (28-54) 
yearsα 

AMI HIV+ vs. HIV- IRRβ  

Obel et al 
200751 

Cohort Denmark HIV+: 
6.9yearsα 
HIV-: 8.1 
yearsα  

HIV+/ HIV- HIV+: 3953 (76.8) 
HIV-: 373856 
(76.3) 

HIV+: 36.8 
(30.8-
44.6)yearsα 
HIV-: 36.4 
(30.6-44.0) 
yearsα 

 

MI HIV+, on HAART+ 
vs. HIV- 

IRRβ  

        HIV+ not on 
HAART- vs. HIV- 

 

Kwong et al 
200652 

Cohort USA and 
Netherlands 

3.49 (range: 
0.02-18.46) 
yearsα 

HIV+ 18603 (82.63) 36 (range: 18-
92) yearsα 

MI PI per year of 
exposure 

Relative 
Risk β  

        NNRTI per year of 
exposure 
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Author, 
year 

Study 
type 

Location Mean 
follow-up 

Population Sample size (% 
male) 

Mean age  Outcome  Relevant risk 
association(s) 
examined 

Effect 
measure  

        HAART per year of 
exposure 

 

Mary-
Krause et al 
200353 

Cohort France With MI: 28 
(18-39) 
monthsα 
Without MI: 
33 (15-48) 
monthsα 

HIV+ men 34976 (100) With MI: 41.9 
years  
Without MI: 37.7 
years 

MI Exposure to PI Relative 
hazardβ 

Holmberg et 
al 200254 

Cohort USA ~ 3.1 years HIV+ 5672 (82) 42.6 years MI PI use (yes vs. no)  HRβ 

Rickerts et 
al 2000*55 

Cohort Germany 24.6 ± 18.1 
months 

HIV+ 2861 (78) 36.6 ± 9.5 years MI Prior HAART (yes 
vs. no) 

ORβ 

Legend: α, median; β, adjusted estimate; *, extracted data from the ART era only; ABC, abacavir; AMI, acute myocardial infarction; ART, antiretroviral therapy; ATV, atazanavir; 
DDI, didanosine; d4T, stavudine; EFV, efavirenz; FTC, emtricitabine; HAART, highly active antiretroviral therapy; HR, Hazard ratio; IDV, indinavir; IRR, incidence rate ratio; LPV, 
lopinavir; LPV-RTV, lopinavir-ritonavir; MI, myocardial infarction; NA-ACCORD/MESA, North American AIDS Cohort Collaboration on Research and Design (NA-ACCORD)/Multi-
Ethnic Study of Atherosclerosis (MESA) cohorts; NFV, nelfinavir; NNRTI, non-nucleoside reverse transcriptase inhibitor; NR, not reported; NRTI, nucleoside reverse transcriptase 
inhibitor; NVP, nevirapine; OR, Odds ratio; PI, protease inhibitor; RTV, ritonavir; SMR, standardized morbidity ratio; SQV, saquinavir; TDF, tenofovir; VL, viral load; ZDV, 
zidovudine; 3TC, lamivudine  
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Appendix Table A3. Risk of bias in the included studies   
Author, 
year 

Publication 
type 

Study 
design 

Clearly 
defined 
eligibility 
criteria 

Description of 
participants/ 
group(s) 
selection 

Potential for 
bias in 
case/group 
representation  

Comparability 
among group(s) 
based on 
design or 
analysis 

Adequate 
exposure/outcome 
ascertainment  

Sufficient 
follow-up for 
outcome 
occurrence? 

Funding 
source 

Drozd et 
al 201625 

Abstract Cohort 
(P & R) 

+ + Yes* - + + Public 

Rosenblatt 
et al 
2016a26 

Journal Cohort 
(R) 

+ + No + - + Industry 

Rosenblatt 
et al 
2016b27 

Journal Cohort 
(R) 

+ + No + - + Industry 

Sabin et al 
201628  

Journal Cohort 
(P) 

+ + No  + + + Public, 
industry 

Salinas et 
al 201629  

Journal Cohort 
(P) 

+ + No + - + Public 

Desai et al 
201530  

Journal Cohort 
(R) 

+ + No + - + Public 

Klein et al 
201531  

Journal Cohort 
(R) 

+ + No + + + Private, 
industry 

Palella et 
al 201532  

Abstract Cohort 
(P & R) 

+ + No - + + - 

Brouwer 
et al 
2014b33  

Abstract Cohort 
(R) 

+ + Yes** - - + - 

Drozd et 
al 201434  

Abstract Cohort 
(P) 

- + No - + - Public 
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Author, 
year 

Publication 
type 

Study 
design 

Clearly 
defined 
eligibility 
criteria 

Description of 
participants/ 
group(s) 
selection 

Potential for 
bias in 
case/group 
representation  

Comparability 
among group(s) 
based on 
design or 
analysis 

Adequate 
exposure/outcome 
ascertainment  

Sufficient 
follow-up for 
outcome 
occurrence? 

Funding 
source 

Silverberg 
et al 
201435 

 

Journal Cohort 
(R) 

+ + No + + + Private, 
industry 
 
 
 

Freiberg 
et al 
201336  

Journal Cohort 
(P) 

+ + No + + + Public 

Lang et al 
201237  

Journal Nested 
case-
control 

+ + No + + + Public 

Bedimo et 
al 201138  

Journal Cohort 
(R) 

+ + No + - + - 

Choi et al 
201139  

Journal Cohort 
(R) 

+ + No + - + Public 

Durand et 
al 201140  

Journal Cohort 
(R), & 
nested 
case-
control 

+ + No + - + Industry 

Carman et 
al 201141  
 
 

Abstract Cohort 
(R) 

- + - - - + - 

Lang et al 
2010a43  

Journal Nested 
case-
control 

+ + No + + +  Public 

Lang et al 
2010b42 

Journal Cohort 
(R)  

+ + No - + +  Public 
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Author, 
year 

Publication 
type 

Study 
design 

Clearly 
defined 
eligibility 
criteria 

Description of 
participants/ 
group(s) 
selection 

Potential for 
bias in 
case/group 
representation  

Comparability 
among group(s) 
based on 
design or 
analysis 

Adequate 
exposure/outcome 
ascertainment  

Sufficient 
follow-up for 
outcome 
occurrence? 

Funding 
source 

Obel et al 
201044  

Journal Cohort 
(P) 

+ + No + - + Public, 
private 

Worm et 
al 201045  

Journal Cohort 
(P) 

+ + No  + + + Public, 
industry 

Triant et al 
201046  

Journal Cohort 
(R) 

+ + No + - + Public 

D:A:D 
Study 
Group et 
al 2008a48 

Journal Cohort 
(P) 

+ + No  + + + Public, 
industry 

D:A:D 
Study 
Group et 
al 2008b47 

Journal Cohort 
(P) 

+ + No  + + + Public, 
industry 

D:A:D 
Study 
Group et 
al 200749 

Journal Cohort 
(P) 

+ + No  + + + Public, 
industry 

Triant et al 
200750 

Journal Cohort 
(R) 

+ + No + - + Public 

Obel et al 
200751  

Journal Cohort 
(P) 

+ + No + - + Public, 
private 

Kwong et 
al 200652  

Journal Cohort 
(R) 

+ + No + -  + Public, 
industry 

Mary-
Krause et 
al 200353  

Journal Cohort 
(R) 

+ + No + + + Public 
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Author, 
year 

Publication 
type 

Study 
design 

Clearly 
defined 
eligibility 
criteria 

Description of 
participants/ 
group(s) 
selection 

Potential for 
bias in 
case/group 
representation  

Comparability 
among group(s) 
based on 
design or 
analysis 

Adequate 
exposure/outcome 
ascertainment  

Sufficient 
follow-up for 
outcome 
occurrence? 

Funding 
source 

Holmberg 
et al 
200254  

Journal Cohort 
(P) 

+ + No - + + Public 

Rickerts et 
al 200055  

Journal Cohort 
(P) 

+ + No + + + - 

Legend: + means this is clearly described and adequate; - means this is unclear, inadequate or not reported; *, The HIV-positive cohort (NA-ACCORD study) was compared to an 
HIV-negative cohort from a different study (MESA study); **, ICD code used for identification of HIV-positive individuals was inadequate; NA, Not applicable; P, Prospective; R, 
Retrospective  
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Additional Forest Plots 

 

 
 

 

 

Appendix Figure A1. Forest plot of the meta-analysis of any exposure to 
antiretroviral therapy (ART) and risk of MI 

Legend: CI, confidence interval; IRR, incidence rate ratio; OR, odds ratio 
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Appendix Figure A2. Forest plot of the meta-analysis of any exposure to drugs of 
the NRTI class and risk of MI 

Legend: CI, confidence interval; IRR, incidence rate ratio; NRTI, nucleoside reverse transcriptase 
inhibitors; OR, odds ratio; RR, relative risk; RR*, relative rate 
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Appendix Figure A3. Forest plot of the meta-analysis of any exposure to drugs of 
the NNRTI class and risk of MI 

Legend: CI, confidence interval; HR, hazard ratio; NNRTI, non-nucleoside reverse transcriptase 
inhibitors; OR, odds ratio 
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Appendix Figure A4. Forest plot of the meta-analysis of any exposure to protease 
inhibitors (both as a class and individually) and risk of MI 

Legend: CI, confidence interval; HR, hazard ratio; IRR, incidence rate ratio; PI, protease 
inhibitors; OR, odds ratio 
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Appendix Figure A5. Forest plot of the meta-analysis of cumulative exposure to 
antiretroviral therapy (ART) including class of ART and risk of MI per 
year of exposure 

Legend: ART, combination antiretroviral therapy; CI, confidence interval; HR, hazard ratio; IRR, 
incidence rate ratio; NNRTI, non-nucleoside reverse transcriptase inhibitors; OR, odds ratio; PI, 
protease inhibitors; RR, relative risk; RR*, relative rate 
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Appendix Figure A6. Forest plot of the meta-analysis of cumulative exposure to 
drugs of the NRTI class and risk of MI per year of exposure 

Legend: CI, confidence interval; HR, hazard ratio; NRTI, nucleoside reverse transcriptase 
inhibitors; OR, odds ratio; RR*, relative rate 
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Appendix Figure A7. Forest plot of the meta-analysis of cumulative exposure to 
NNRTI (both as a class and individually) and risk of MI per year of 
exposure  

Legend: CI, confidence interval; IRR, incidence rate ratio; NNRTI, non-nucleoside reverse 
transcriptase inhibitors; OR, odds ratio; RR, relative risk; RR*, relative rate 
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Appendix Figure A8. Forest plot of the meta-analysis of cumulative exposure to 
protease inhibitors (both as a class and individually) and risk of MI 
per year of exposure 

Legend: CI, confidence interval; IRR, incidence rate ratio; PI, protease inhibitors; OR, odds ratio; 
RR, relative risk; RR*, relative rate 
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