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Abstract

Background—Widespread HIV screening and access to highly-active antiretroviral treatment 

(HAART) has been deemed cost-effective using mathematical models, though its population-level 

implementation has raised questions regarding cost, value and feasibility. We aimed to determine 

the cost-effectiveness of HAART scale-up in British Columbia (BC), Canada compared to 

scenarios of constrained treatment access.

Methods—Using comprehensive linked population-level data, we populated a dynamic, 

compartmental transmission model to simulate the HIV/AIDS epidemic in BC from 1997–2010. 

HIV incidence, prevalence, mortality, costs (in 2010$CDN) and quality-adjusted life years 

(QALYs) were estimated. Incremental cost-effectiveness ratios (ICERs) were calculated from 

societal and third party payer (TPP) perspectives to compare actual practice (true numbers of 

individuals accessing HAART) to scenarios of constrained expansion (75% and 50% probability 

of accessing HAART). Structural and parameter uncertainty was investigated.

Findings—Actual practice resulted in 263 and 676 averted incident cases compared to the 75% 

and 50% HAART access scenarios, respectively. From a TPP perspective, actual practice resulted 

in ICERs of $23,679/QALY versus 75% access, and $24,250/QALY versus 50% access. From a 

societal perspective, actual practice was cost-saving within the study period, and, resulted in 

savings of $25.1M compared to the 75% access scenario, and $65.5M compared to the 50% access 

scenario with an extended time horizon (2035).

Interpretation—HAART expansion in BC has decreased HIV-related morbidity, mortality and 

transmission. Resulting ICERs for actual practice, derived within a limited timeframe, were within 

common cost-effectiveness thresholds, and were cost-saving from a societal perspective.
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1.0 Introduction

People living with HIV/AIDS (PLHIV) initiating modern highly active antiretroviral therapy 

(HAART) regimens typically achieve viral suppression within six months [1], triggering 

CD4 count recovery, thus preventing the development of AIDS and related premature 

mortality, to a point where PLHIV are now approaching near-normal life spans [2]. 

Furthermore, there is now wide consensus that plasma HIV-1 RNA level is the strongest 

predictor of the risk of HIV transmission [3] and that HAART induced suppression of viral 

replication is highly effective in reducing HIV transmission [4]. HAART was initially 

demonstrated to be cost-effective on the basis of individual benefit alone [5]. Earlier 

treatment initiation to simultaneously prevent new infections and benefit the patient, referred 

to as “Treatment as Prevention (TasP)”, has since been deemed cost-effective to cost-saving 

in mathematical models, and alongside a randomized controlled trial [6,7].

These developments have fueled the enthusiasm for the deployment of TasP as a means to 

curb the morbidity, mortality and transmission of HIV globally. Indeed, this has been a 

driving force for the recently proposed UN 90-90-90 target [8], calling for 90% of HIV-

infected individuals to be diagnosed worldwide, 90% of them to receive HAART, and 90% 

of them to achieve sustained viral suppression. Meeting the 90-90-90 target by 2020 would 

be expected to dramatically alter the course of the HIV/AIDS pandemic, transforming it into 

a sporadic endemic condition by 2030 [8]. Nonetheless, ongoing investment is required to 

sustain efforts to combat the epidemic. A shift, or decrease in focus could lead to increased 

incidence, which perpetuates the epidemic and compounds its public health and economic 

burden.

Critically, the cost-effectiveness of a TasP-oriented public health response to HIV/AIDS has 

yet to be assessed at a population-level in a real-world setting. While prior ecological studies 

have demonstrated the population-level epidemiological effects of expanded HAART access 

to treatment [9,10], the vast majority of economic evaluations of HIV screening and 

treatment are projections based on collections of parameters from multiple sources, and 

often optimistic, hypothetical scenarios of public health response and health system 

performance. Here, we have taken advantage of an extensive population-level linked data 

and surveillance systems to determine the cost-effectiveness of HAART scale-up as 

observed in the province of British Columbia (BC), Canada from 1997–2010. BC was the 

epicenter of the HIV/AIDS epidemic in Canada at the outset; however the rate of new case 

reports per 100,000 population has since fallen below most Canadian provinces [11], a result 

at least in part attributed to universal coverage of drug and other healthcare costs among 

PLHIV, and aggressive efforts to scale-up access to HAART [10].

We adapted a dynamic compartmental mathematical model to reproduce the dynamics of the 

HIV epidemic during the HAART era, and compared observed outcomes to hypothetical 

scenarios in which access to HAART was constrained to 75% and 50% of actual HAART 

uptake. Additionally, we considered alternative scenarios altering non-HAART medical 

costs for those out of treatment, HIV screening rates and risk behaviours, and an extended 

time horizon to determine the long-term effects of the expansion of HAART access in BC. 

We hypothesized that actual practice of HAART scale-up was cost-effective compared to 
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the hypothetical scenarios of 50% and 75% actual HAART access, and that both behavioural 

factors as well as aspects of health service delivery had an important impact on the course of 

the HIV/AIDS epidemic in BC.

2.0 Methods

2.1 Study Design

We adapted and extended an existing deterministic transmission model previously used to 

estimate the health benefits and costs of expanded HIV screening and HAART in the United 

States [12]. We integrated linked, population-level epidemiologic, clinical and economic 

data to estimate HIV prevalence, incidence, quality-adjusted life-years (QALYs), health care 

costs and incremental cost-effectiveness ratios (ICERs) associated with actual practice (or 

observed HAART scale-up) in BC from 1997–2010, compared to outcomes that would have 

been observed under hypothetical scenarios of constrained access to HAART. The study was 

approved by the University of British Columbia/Providence Health Care’s research ethics 

board.

Hypothetical scenarios were constructed such that the probability of HAART entry for 

treatment-eligible individuals was decreased to 75% and 50% of observed access, 

respectively. We note that treatment access constraints are not intended to result in the 

number reaching treatment equaling 75% and 50% of the observed access scenario; by 

restricting the probability of accessing treatment, the pool of diagnosed and treatment-

eligible individuals increased in the hypothetical scenarios, thus increasing the actual 

numbers of person- years on HAART. Treatment access constraints are intended to represent 

reductions in the instantaneous probability of an individual accessing HAART in contacts 

with physicians. The resulting hypothetical scenarios are intended to approximate expected 

levels of treatment uptake in the absence of a range of province-wide initiatives to inform 

and engage physicians in HIV treatment, including the biannual HIV/Antiretroviral Update 

[13].

A schematic of the model and dynamics is presented in Figure 1. The adult population of BC 

aged 15–64 were partitioned into compartments on the basis of HIV risk behavior (men who 

have sex with men (MSM), injection drug users (IDU), MSM-IDU, and heterosexual) 

screening status (screened in past 12 months or not) and HIV infection status. Among those 

HIV-infected, individuals were further classified as infected, diagnosed, and on HAART, 

and partitioned according to the CD4 cell count (CD4≥500 ppm3, 350–499, 200–349, <200). 

Health state transitions occurred at monthly intervals. It’s important to note that our model 

captures individuals that are both infected and never diagnosed (the second ‘column’ of 

compartments in Figure 1), and diagnosed but do not enter treatment (third column of 

compartments). Both sets of states feature non-zero rates of transition to mortality, leaving 

open the possibility of death prior to HAART access – as observed in real-world settings. 

We further note that the population of diagnosed patients is dynamic, and composed, at any 

given time, of HAART-experienced and HAART-naïve PLHIV.

We simulated the HIV epidemic by first instantiating the risk group size and HIV prevalence 

levels based on Q4 1995 BC data and population figures from the public health agency of 
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Canada and BC stats [10, 14,15], thus using 1996 as an instantiation period for the model. 

We calibrated our model to replicate the true number of PLHIV on HAART in BC at the 

annual midpoint (actual number of individuals receiving a HAART in June of each calendar 

year) by adjusting the probability that a diagnosed individual in diagnosed compartment i 

entered treatment at a given CD4-based state of disease progression at time t (αit). 

Alternative scenarios of constrained access were created by multiplying αit by constants 

(0.75, 0.50 respectively) to restrict access to treatment.

Following calibration to match the known annual number of PLHIV on HAART, the model 

was validated to ensure key epidemiological parameters approximated known or externally-

estimated figures. We focused on the size of the HIV-negative population (aged 15–65); 

overall prevalence; overall prevalence of diagnosed cases; overall incidence; incidence by 

risk group (MSM, IDU, Heterosexual); and annual mortality among PLHIV.

Cost-effectiveness analysis was conducted according to well-established methods and 

conformed to guidelines on cost-effectiveness analyses and dynamic transmission modeling 

[16]. We considered a third-party, or government-payer perspective, as well as a societal 

perspective, also taking into account costs borne by the individual. All costs were presented 

in 2010$CDN, and discounted costs and QALYs at an annual rate of 3% in scenarios which 

projected beyond the timeframe of the primary analysis. Key parameters are presented in 

Table 1, with further detail regarding model construction, parameterization, calibration and 

validation provided in the supplementary appendix.

2.2 The force of HIV infection

We incorporated HIV transmission through heterosexual contact, homosexual contact and 

needle sharing associated with injection drug use. Heterosexual contact occurs within risk 

groups (for example, both partners are heterosexual, or both are injection drug users) and 

across groups (for example, a (female) injection drug user with a (male) heterosexual, or a 

(female) heterosexual with a MSM partner). We assumed proportional mixing, in which 

individuals could be infected by those of other risk groups, but the probability of infection 

was proportional to the level of contact (sexual or injection) between groups. The 

probability of HIV transmission between two persons depended on the infected person’s 

HIV risk behavior classification, disease status and treatment status and the uninfected 

person’s HIV risk behavior classification. Specifically, the rate of heterosexual and 

homosexual transmission was a function of the number of sexual partnerships, condom use 

and transmission probability per partnership. The model captures HIV transmission through 

needle sharing in a similar manner, as a function of the annual number of injections, average 

needle-sharing rates and probability of transmission per shared needle. Further, these 

probabilities were allowed to change over time according to proxies of injection and sexual 

risk behavior – specifically, rates of methadone maintenance treatment (MMT) uptake [17] 

and non-HIV sexually transmitted disease [18] during the study period. The model also 

accounts for changes in risky behavior due to effective HIV screening and counseling.
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2.3 Disease progression

Disease progression was differentiated among those on HAART and not on HAART, and 

estimated as a function of CD4 count, stratified into the four categories noted above. We 

derived monthly transition rates by adapting a previously-published BC population-level 

analysis of individuals on HAART, estimated using a multivariate multi-state Markov model 

[19]. We adapted the model to account for changes in transition rates by calendar year, and 

allowed for transitions out of treatment, in addition to CD4 improvement and deterioration 

in treatment (as indicated by arrows in Figure 1). Otherwise, individuals progressed 

according to the natural history of HIV, for which transition rates were drawn from the 

published literature [20].

2.4 Costs and quality adjusted life years

The costs of HAART and non-HAART medical care among PLHIV were estimated using 

linked individual-level health administrative data for all known PLHIV in BC [15]. Time-

dependent estimates of these costs, stratified by CD4 category and HIV risk group (IDU and 

non-IDU) were adapted from prior studies on the study population, and included HAART 

and non-HAART medication and pharmacy dispensation costs, the costs of physician billing 

for outpatient care, and the costs of hospitalization [21,22]. We also considered cost savings 

due to HAART-attributable productivity gains among PLHIV within a societal perspective, 

adapting employment data from a population-level study in Denmark [23]. We applied 

QALY weights derived from the peer-reviewed literature for HIV-negative individuals and 

PLHIV in and out of treatment, adjusting for injection drug use (further details in the 

supplementary appendix).

2.5 Sensitivity analysis

We considered alternative scenarios to test structural and parameter uncertainty (pertaining 

to movement in the model, and the point estimates of parameters dictating these movements, 

respectively), and otherwise contextualize the impact of observed HAART uptake in BC 

during the study period. First, in order to determine the incremental impact of HIV 

screening, we reduced screening rates by 25% and 50% while maintaining the observed 

level of access to HAART. Second, we held injection and sexual risk behaviors constant at 

1996 levels, with observed levels of HAART access, and also considered a scenario 

whereby injection risk behavior decreased at levels implied by MMT initiation rates, and 

sexual risk behaviors were held constant at 1996 levels – as opposed to the increase implied 

by provincial non-HIV STD rates; a relative ‘best case scenario’ in terms of changes in risk 

behaviours over time. Third, we considered alternate assumptions regarding the 

accumulation of non-HAART medical costs while out of treatment. Our initial assumption 

of equal costs for those in- and out- of HAART was necessitated by the fact that the costs of 

medical care for the undiagnosed are necessarily unobserved. This was a conservative 

assumption, as prior studies implemented higher out-of-treatment non-HAART costs for 

individuals with CD4<350. We implemented alternate scenarios using proportionally higher 

out-of-treatment non-HAART costs according to Long et al. [12], to determine the impact of 

this assumption. Finally, we extended the model’s time horizon an additional 25 years, 

holding all key model parameters constant at 2010 levels, accounting for projected 
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population growth estimates [14], to capture the potential second and third order 

transmission benefits of HAART. We note that, following the IAS-USA guidelines, British 

Columbia has encouraged access to HAART at diagnosis since 2010, a fact which was 

captured in our analyses with extended time horizons. Otherwise, we tested the impact of 

adjustments to parameters for the efficacy of HAART on HIV transmission through sexual 

contact, and the percentage reduction in the number of sexual partners after HIV diagnosis 

(results presented in the supplementary appendix).

2.6. Role of the Funding Source

This study was funded by the BC Ministry of Health-funded ‘Seek and treat for optimal 

prevention of HIV & AIDS’ pilot project. The funder had no direct role in the conduct of the 

analysis or the decision to submit the manuscript for publication. The corresponding author 

had full access to all the data in the study and had final responsibility for the decision to 

submit for publication.

3.0 Results

The model-estimated annual number of PLHIV on HAART was calibrated to within a mean 

of 0.7 people compared to the observed number of PLHIV on HAART at the midpoint of 

each calendar year, and validated to reproduce observed or externally-estimated outcomes 

with a high level of precision. Further details on the results of the calibration and validation 

of the model are presented in the supplemental appendix.

Epidemiological estimates from the competing scenarios are presented in Table 2. 

Constraining the probability of accessing treatment to 75% of observed access resulted in 

3,585 fewer patient years in treatment (92.3% of observed access, or a 7.7% reduction), and 

9,364 fewer patient years on HAART (79.8% of observed access, or a 20.2% reduction) in 

the 50% constrained access scenario. The model predicted 6,230 incident cases during the 

study period, 3,193 deaths and 11,326 prevalent cases at the end of 2010 in the ‘observed 

HAART scale-up’ scenario. With treatment constrained to 75% of observed access, there 

were an additional 263 incident cases, 79 deaths and 197 prevalent cases at the end of 2010. 

Constraining treatment to 50% of observed access led to an additional 676 incident cases, 

201 deaths and 499 prevalent cases at the end of 2010.

For the period 1997–2010, from a third party payer perspective (TPP), we estimated that a 

total of $CDN1.852 billion was spent on healthcare for PLHIV, 34.9% of which was 

attributable to HAART (Table 3). In comparison, hypothetical scenarios of 75% and 50% of 

observed HAART scale-up resulted in $CDN1.839 and $CDN1.818 billion, respectively, 

with 32.5% and 28.6% attributable to HAART. Notably, non-HAART costs increased from 

$CDN1.206 to $CDN1.241 and $CDN1.298 billion from observed scale-up to hypothetical 

75% and 50% HAART scale-up scenarios, respectively. Observed HAART access resulted 

in approximately 1,000 additional QALYs compared to the ‘75% observed access’ scenario 

and 2,000 QALYs greater than the ‘50% observed access’ scenario. As a result, from a TPP 

perspective, ‘observed HAART access’ cost $23,679 per QALY gained, compared to the 

‘75% observed access’ scenario, and $24,250 per QALY gained compared to the ‘50% 

observed access’ scenario. These figures are 44.5% of current Canadian GDP per capita 

Nosyk et al. Page 6

Lancet HIV. Author manuscript; available in PMC 2016 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(2013: $US51,911; $53,214 in 2010$CDN), making observed HAART scale-up highly cost-

effective according to stated WHO thresholds for cost-effectiveness [24]. Considering a 

societal perspective, productivity gains due to HAART access more than offset the 

additional costs of treatment, resulting in ‘Observed HAART access’ being a dominant 

strategy (lower total costs, higher QALY gains).

Sensitivity analysis on the rate of HIV screening suggested that reduced rates of HIV 

screening may have had at least as large an effect on public health and economic outcomes 

as constraints on treatment. In particular, holding HAART access constant, 75% of observed 

screening resulted in a slightly lower QALY loss (40.578M − 40.577M=1,000 QALYs, 

noting that QALY gain figures represent the total population of BC aged 15–64), resulting in 

an ICER of $5,920 per QALY gained for observed versus 75% of observed HIV screening 

(Table 3). A greater constraint on screening (50% of observed) resulted in a greater QALY 

loss (40.578M−40.576M=2,000 QALYs). Constrained screening resulted in lower total 

costs as a result of a lower number of diagnosed cases accessing HAART.

Holding HIV risk behaviours constant had a profound impact on public health and economic 

outcomes. Without the observed decreases in injection risk behaviours, the model estimated 

an increment of C$42M in HAART costs and a detriment of approximately 2,000 QALYs 

(Table 3). In contrast, had high risk sexual behaviours remained constant (as opposed to 

their observed increase), the model estimated lower healthcare costs resulting from 

decreased HIV incidence, and an additional 1,000 QALYs gained within the study 

population.

Finally we extended the time horizon an additional 25 years to determine the long-term 

implications of observed versus constrained access. Considering a societal perspective, and 

holding all model parameters constant at 2010 levels, we estimated that annual expenditure 

on PLHIV in the actual practice scenario fell below the constrained access scenarios from 

2017, with annual savings increasing to $2.8M (vs 75% access) and $7.5M (vs. 50% access) 

by 2035 (Figure 2). Observed HAART access resulted in savings of $25.1M and $66.5M in 

present value compared to 75% and 50% HAART access scenarios, respectively.

4.0 Discussion

Using perhaps the most comprehensive linkage of population-level surveillance, disease 

registry and health administrative data available, our results suggest that actual practice of 

HIV testing and treatment in BC resulted in 263 averted incident cases compared to the 75% 

HAART access scenario, and 676 averted cases compared to the 50% access scenario 

between 1997 and 2010. Within the study timeframe and using a TPP perspective, actual 

practice led to substantially greater QALY gains, resulting in ICERs of $23,679/QALY 

compared to 75% expansion, and $24,250/QALY compared to 50% expansion.

Furthermore, from a societal perspective, actual practice was cost-saving over the study 

horizon. We note that, aside from the retrospective nature of the study, which captured 

periods of clinical-guideline-constrained access and earlier, poorer-quality HAART 

regimens, the limited time horizon makes these results highly conservative, as the public 

Nosyk et al. Page 7

Lancet HIV. Author manuscript; available in PMC 2016 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



health benefits of HAART – and particularly averted incident cases and mortality – are 

realized over the long term. Extending the time horizon to 2035 indicated that actual practice 

– as delivered in 2010 - should lead to a present-valued savings of $25.1M in total 

cumulative costs compared to the 75% access scenario, and a savings of $66.5M compared 

to the 50% access scenario. The higher initial costs of expanded treatment observed in 

Figure 2 were rapidly diminished due to decreases in inpatient care costs, productivity gains 

and infections averted, resulting in lower annual costs for the ovserved access scenario by 

2017. Recent results from the Strategic Timing of Antiretroviral Treatment (START) study, 

demonstrating individual-level health benefits from starting antiretroviral treatment at 

diagnosis, will be influential in further expanding access to HAART internationally.

We note that projections with an extended time horizon are based on 2010-level HAART 

and non-HAART medical costs, and do not account for the potential decreases in HAART 

costs brought about by generic formulations. Such a shift could decrease absolute HIV-

related expenditures, but perhaps also diminish incremental savings in analyses like ours if 

the savings outweigh additional costs brought on by the more expensive 2nd- and 3rd-line 

regimens that long-term HAART users may require to sustain viral suppression for a near-

normal lifespan. This is one of a number of questions – many of which centered around 

choosing interventions to optimize the HIV care cascade - that will need to be addressed to 

inform resource allocation decisions to achieve the 90-90-90 treatment target established by 

UNAIDS [8]. Locally, these decisions will continue to be reliant upon evidence derived 

from the extensive, and exemplary, data systems established in BC.

Our sensitivity analysis constraining screening rates assumed less HIV testing than observed 

(keeping people 'undiagnosed' for longer periods) with HAART access set as in the baseline 

'observed HAART access' scenario. We found that maintaining - and increasing - the level 

of HIV testing was of similar importance to increasing access to HAART.

Despite the overwhelmingly positive impacts of increases in HIV screening and treatment 

engagement, it is clear that changes in underlying risk behaviours had substantial impacts on 

the epidemic in BC. First, it appears that large increases in access to MMT, which coincided 

with the discovery and proliferation of HAART use [17], had an exceptionally strong impact 

on the HIV/AIDS epidemic, and perhaps greater than previously thought. This impact of 

MMT on the epidemic further demonstrates the urgent need to prioritize delivery of 

maintenance-oriented treatment, which remains constrained internationally [25]. The decline 

in HIV incidence among IDUs was also likely influenced by the introduction of needle 

exchange and supervised consumption rooms, and may have further benefited from 

substitution to non-injection drugs use [26]. To be clear, our model has no means of 

distinguishing the respective magnitude of impact of these effects on injection risk behavior 

and subsequent HIV incidence among IDU in the province, a topic requiring further study.

Otherwise, our model suggests increasing levels of unprotected sex, deduced from 

increasing non-HIV infectious disease rates [18], have clearly had a substantially negative 

effect on the HIV epidemic, and compromised the potential gains of increased HAART 

access, particularly among MSM. We note that we are not able to confirm population-level 

sexual disinhibition as a direct driver of new infections, but rather use the most relevant 
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ecological proxy available to inform behavioral parameters in our model; an aspect which 

was necessary to achieve the level of accuracy in validation that we’d attained. Otherwise, it 

is worth noting that the PARTNERS randomized controlled trial has indicated HAART is 

equivalently efficacious in preventing HIV transmission among sero-discordant MSM 

couples and heterosexual couples [27]. In concentrated epidemics situated in high- and 

middle-income settings, far more is needed to identify effective test-and-treat campaigns. 

Alternative strategies will be required to reach this otherwise healthy population of young 

MSM, within which the incidence of HIV/AIDS has emerged as the highest in North 

America Pre-exposure prophylaxis (PreP) has been touted as a viable prevention strategy 

among MSM and other high-risk populations [28], however its value - relative to 

interventions for testing and HAART access for PLHIV - in settings with relatively low 

levels of undiagnosed HIV and unsuppressed viremia should be established with real-world 

data to be considered for larger-scale implementation. Unbiased determinations of relative 

value would necessarily need to be made with a QALY-based analysis –taking into account 

not only infections averted, but also the reductions in HIV-related morbidity and mortality 

associated with HAART in PLHIV.

Deterministic compartmental models are useful for modeling average behavior of disease 

epidemics in large populations. While agent-based approaches may be preferred when 

stochastic effects (eg. extinction of disease in small populations), complex interactions 

between behaviour and disease, or distinctly non-random mixing patterns are present, 

previously-published comparisons have revealed a high level of concordance between model 

types [29]. Our model was validated on ten key aspects of the HIV epidemic in BC, and we 

are thus confident in the validity of our results. While our model is parameterized with 

largely local source data to simulate the BC HIV/AIDS epidemic, the structure of the model 

is generalizable, with prior applications to the US, China and South Africa [12,29]. Results 

are nonetheless specific to the BC setting, and will vary according to the epidemiological 

and systemic factors shaping localized HIV epidemics.

This analysis was not without limitations. First, similar to other models used in cost-

effectiveness analyses of HIV screening and treatment [12], infectivity was modeled 

indirectly through CD4-based disease progression stages. Second, while the probability of 

transmission in early HIV infection has been debated and deemed not as high as initially 

thought [30], its long-term impact on reduction of incidence was determined to be 

minimal.61 While our model did not account for these temporal transmission dynamics, it 

was able to produce risk-group specific incidence estimates and reproduce key aspects of the 

HIV epidemic at the population-level in BC with a high degree of precision. Third, while the 

total susceptible population in BC was reproduced accurately, in- and out-migration of 

PLHIV is not currently observed directly within our linked population-level database, and 

was assumed to be equal to zero. Otherwise, in the absence of representative local sources, 

data on productivity loss were adapted from another jurisdiction, and thus must be regarded 

as substantially lower-quality than that used to calculate TPP costs. While we believe our 

linked database to be among the highest quality and most comprehensive available 

worldwide, these remain areas for further inquiry. Fourth, while drug resistance was not 

explicitly modeled in our study, It was accounted for in that the cost and disease progression 

estimates were derived from statistical analyses that captured the full population of BC 
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PLHIV - including those with multi-drug resistance. The input values used in the CEA were 

fitted values from regression models which included MDRT as a covariate in both 

progression and cost models, and the annual population of drug resistant individuals was 

used in generating the model inputs - in other words, these inputs were weighted averages of 

CD4 progression and cost for non-resistant and resistant clients - balancing also other 

relevant covariates [19,21,22]. Further, rates of drug resistance are low in BC, and 

concentrated amongst pre-HAART-era treatment initiators [21]. Fifth, in the extended time 

horizon, it is likely that cost estimates were conservative given stabilization of HAART 

costs since 2007, the high relative costs of individuals initiating treatment in the pre-

HAART era, and the decreasing proportion of these individuals within the broader HIV-

positive population [21]. Finally, a full probabilistic sensitivity analysis was not executed, 

and indeed is not recommended in dynamic transmission modeling due to the implicit 

objective nature of model calibration to actual practice [16]

The expansion of HAART in BC has resulted in substantial decreases in morbidity and 

mortality as well as a reduction in new HIV diagnoses. Resulting ICERs, derived within a 

limited timeframe, were well within the range of societal willingness to pay for an 

incremental QALY gain, and were cost-saving from a societal perspective. Further efforts 

should be directed to evaluate the long term impact of this strategy, as well as to validate 

these results in other settings, including low resource settings and generalized epidemics.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

We executed a search of British Columbia provincial data sources and reports to populate 

and calibrate our model to best reflect the dynamics of the HIV epidemic in BC during 

the study period. This included an extensive search of the peer-reviewed literature 

(British Columbia; Vancouver; HIV; AIDS; antiretroviral therapy; highly active 

antiretroviral therapy; injection drug use; men who have sex with men). Furthermore, we 

executed a literature search for cost-effectiveness analyses and mathematical modeling 

analyses to inform model selection and development (pubmed search keyword: HIV; 

AIDS; antiretroviral therapy; highly active antiretroviral therapy; cost-effectiveness; 

economic evaluation; mathematical modelling).

Added value of this study

The cost-effectiveness of a Treatment as Prevention (TasP)-oriented public health 

response to HIV/AIDS has yet to be assessed at a population-level in a real world setting. 

The vast majority of studies demonstrating the value of HIV screening and treatment are 

based on often optimistic projections of public health response and health system 

performance. We have taken advantage of an extensive population-level linked data and 

surveillance systems to calibrate a mathematical model to represent the provincial HIV 

epidemic during the study period, and consider the cost-effectiveness of actual practice 

versus hypothetical scenarios of less aggressive efforts to scale-up access to highly active 

antiretroviral therapy (HAART).

Implications of all the available evidence

We found that the aggressive scale-up of HAART observed in British Columbia averted 

incident HIV cases, prevented HIV-related mortality, was cost-effective within the study 

period, and cost-saving when accounting for costs of foregone productivity. These results 

confirm the value of aggressive scale-up of HAART access as a public health strategy to 

reduce morbidity, mortality and transmission of HIV/AIDS, and should serve to focus 

efforts on the implementation of HIV testing and treatment initiatives to maximize the 

benefits of HAART.
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Figure 1. Model Diagram
The model schematic represents movement of the population of BC aged 15–64, both 

susceptible and HIV-positive. The population was stratified into four complete and 

mutually-exclusive groups: [MSM, IDU, MSM/IDU and Heterosexual]; the model diagram 

demonstrates movement for individuals in each of these strata. Further, individuals can 

transition to mortality from any of the model states (transitions not shown). A more 

comprehensive description of the model, with specific references to parameters used for 

each transition, is provided in the supplementary appendix.
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Figure 2. Projected difference in annual, undiscounted expenditures for PLHIV1: HAART scale-
up observed in 1997–2010 vs. hypothetical constrained access scenarios
1. Using a societal perspective, accounting for workforce productivity gains among PLHIV. 

Plotted differences in annual expenditures are not discounted. An amount in parentheses in 

x-axis indicates negative numbers. 2. Presented in 2010$CDN, discounted at an annual rate 

of 3%. This represented the difference in the sum of total expenditure, 1997–2035, for the 

‘Observed Access’ scenario, compared to ‘75% Access’ and ‘50% Access’, respectively.
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