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ABSTRACT

Purpose The Comparative Outcomes And Service
Utilization Trends (COAST) Study in British Columbia (BC),
Canada, was designed to evaluate the determinants of
health outcomes and health care services use among
people living with HIV (PLHIV) as they age in the period
following the introduction of combination antiretroviral
therapy (CART). The study also assesses how age-
associated comorbidities and health care use among
PLHIV may differ from those observed in the general
population.

Participants COAST was established through a data
linkage between two provincial data sources: The BC
Centre for Excellence in HIV/AIDS Drug Treatment Program,
which centrally manages cART dispensation across BC
and contains prospectively collected data on demographic,
immunological, virological, cART use and other clinical
information for all known PLHIV in BC; and Population Data
BC, a provincial data repository that holds individual event-
level, longitudinal data for all 4.6 million BC residents.
COAST participants include 13 907 HIV-positive adults
(=19 years of age) and a 10% random sample inclusive of
516 340 adults from the general population followed from
1996 to 2013.

Findings to date For all participants, linked individual-
level data include information on demographics, health
service use (eg, inpatient care, outpatient care and
prescription medication dispensations), mortality, and HIV
diagnostic and clinical data. Publications from COAST
have demonstrated the significant mortality reductions
and dramatic changes in the causes of death among
PLHIV from 1996 to 2012, differences in the amount

of time spent in a healthy state by HIV status, and high
levels of injury and mood disorder diagnosis among PLHIV
compared with the general population.

Future plans To capture the dynamic nature of population
health parameters, regular data updates and a refresh

of the data linkage are planned to occur every 2 years,
providing the basis for planned analysis to examine age-
associated comorbidities and patterns of health service
use over time.

Strengths and limitations of this study

» Akey strength of the COAST Study is its population-
based nature and the large sample size inclusive of
all known HIV-positive adults in BC (n.=13907) and a
10% random sample of the general population of BC
as a comparison group (n=516 340).

» The COAST Study was based on an extensive
data linkage between multiple population-level
databases.

» COAST is situated within a universal health care
setting, thus potential biases that typically result
from differential access to health care services are
minimised.

» Some of the data in COAST are based on
administrative health data which can be prone to
incomplete coding; therefore, common limitations
associated with the use of such data for research
remain.

INTRODUCTION

The introduction, widespread use and effec-
tiveness of combination antiretroviral therapy
(cART) since 1996 has led to marked improve-
ments in the health of HIV-positive individuals
and has contributed to a significant increase
in life expectancy.'™ As a result, HIV infec-
tion, which was once considered a fatal diag-
nosis, is now increasingly viewed as a chronic
condition that can be managed effectively
with lifelong use of cART.” The population of
ageing HIV-positive individuals is growing; in
the USA, individuals over 50 years of age are
estimated to make up over half of all people
living with HIV (PLHIV).® "Ageing PLHIV
may be at heightened risk for a number of
chronic comorbid conditions, such as cardio-
vascular diseases, non-AIDS-defining cancers
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and other end-stage organ diseases.” This increased risk
has important implications in terms of managing HIV
infection alongside other comorbid conditions."

Study rationale and aims

Within the cART era—defined as starting in the year
1996 when cART became available—there is limited
understanding regarding the impact of long-term cART
use on ageing and agerelated comorbidities among
PLHIV. It is unclear how ageing with HIV infection will
affect future patterns of morbidity and mortality among
this population, and how this may consequently impact
their patterns of health care use. For these reasons, we
designed a longitudinal, population-based study—the
Comparative Outcomes And Service Utilization Trends
(COAST) Study—comprising a cohort of PLHIV and a
comparative cohort based on a random sample of the
general population of British Columbia (BC), Canada.
The study aimed to: (1) evaluate the determinants or
predictors of health outcomes and health care services
use among HIV-positive men and women and how this
relates to cART; (2) model the complex interaction
between HIV and comorbidities to forecast the future
health and economic impact of ageing with HIV; and (3)
assess how health outcomes and health services use may
differ between PLHIV and the general population from
within the same health care system.

COHORT DESCRIPTION

Study setting, data sources and available data

The COAST Study is based on a unique data linkage
performed between two provincial data sources in BC,
namely, the BC Centre for Excellence in HIV/AIDS
(BC-CfE) Drug Treatment Program (DTP) and Popula-
tion Data BC. With a mandate from the government of BC,
the BC-CfE’s DTP centrally manages the distribution of
cART to all PLHIV across BC."' To monitor the trajectory
of HIV disease and HIV-related outcomes, this programme
prospectively collects data on cART use, demographic
characteristics, immunological and virological outcomes,
as well as other clinical characteristics (eg, hepatitis C
co-infection and AIDS-defining illnesses) for all PLHIV
accessing cART in BC. It is noteworthy to mention that all
HIV care, including cART, laboratory and medical care,
is provided free of charge to all PLHIV residing in BC.
Population Data BC is a provincial repository that houses
health administrative data collected by public bodies such
as the BC Ministry of Health (BC-MoH), and contains an
extensive range of individual-level, deidentified, longitu-
dinal data for all 4.6 million BC residents."”

In BC as well as other provinces across Canada, each
individual that uses any government-funded health care
service is identified by a unique identifier, or the personal
health number (PHN) as it is called in BC. PHN, which
is available to all BC residents at birth or through immi-
gration, is a unique lifetime identifier used to track indi-
viduals” encounters with the health care system and thus,

their health care services use for the duration of resi-
dency in BC. Using unique identifiers such as PHN, name
and date of birth, records for each individual are link-
able across time and between internal data sets at Popu-
lation Data BC, as well as to external data sets such as the
BC-CfE DTP data that are held outside the Population
Data BC data holdings.

For all participants in the COAST Study, individu-
al-level data linkage to the following health administrative
data sets held within Population Data BC was performed:
(1) BC-MoH Medical Services Plan (MSP) (or the public
health insurance programme), which insures medi-
cally necessary services provided by physicians and supple-
mentary health care practitioners, and contains data on
physician billing records;"* (2) BG-MoH Consolidation
File for MSP registration and demographic data;'* (8)
BC-MoH Discharge Abstract Database for hospitalisation
records;'® (4) Mental Health data set for mental health
services and care information;'® (5) BC Cancer Agency
registry for cancerrelated diagnoses, treatment and care
data;"’ (6) BC Vital Statistics Deaths for mortality data;'®
(7) PharmaCare for data on eligible prescription drugs
and medical supplies covered under the provincial public
drug insurance programme that assists BC residents with
such payments;'’ and (8) PharmaNet for all non-cART
prescription drug dispensation, monitoring and claims
processing data.”’ Detailed information about these data
sources is provided in table 1. Based on the linkage, the
available data in COAST include information on sociode-
mographic characteristics (eg, age, sex, neighbourhood
information, health authority region); health care system
encounters and other episodes of health care service use
(eg, public health insurance registration data, inpatient
and outpatient visits, and non-cART prescription medi-
cation dispensations including those covered by the BC
public drug insurance programme (PharmaCare), as well
as all dispensed medications in BC (PharmaNet)); mental
health data; mortality data (centrally collected across BC);
cancer-specific and HIV-specific data available through
the BC Cancer Agency and BC-CfE (for PLHIV only),
respectively. Within the COAST Study, data on diseases
and other health outcomes such as injury can be assessed
longitudinally using a combination of International
Classification of Diseases (ICD) version 9 (ICD-9) and
version 10 (ICD-10) diagnostic codes and prescription
drug data (including the drug identification number,
anatomical therapeutic chemical code), reflecting the
specific health or disease state.

COAST COHORTS

Although the data used in creating the COAST Study
(ie, data from the BC-CfE DTP and Population Data
BC (including a collection of several data sources))
are collected longitudinally, the COAST Study follows a
retrospective cohort study design. The follow-up period
for the COAST Study is currently from 1 April 1996
(year of cART introduction) until 31 March 2013 (the
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Table 1

Description of data sources linked to create the COAST Study cohorts and key variables available

Name of data
source*

Data
stewardship

Description and content

DTP and
laboratory
11

MSP'3

Consolidation
file™

DAD™

Mental health
services'®

Cancer agency
registry'’

Vital statistics
deaths™

Pharmacare'®

Pharmanet?®

BC-CfE

BC-MoH

BC-MoH

BC-MoH

BC-MoH

BC-CA

BC Vital
Statistics
Agency

BC-MoH

BC-MoH Data
Stewardship
Committee

Summary: the BC-CfE DTP is a research and treatment programme that administers the
distribution of cART in BC. The programme manages a database that collects information
about cART use history, immunological and virological outcomes, laboratory testing results,
and demographic information for HIV-positive individuals who have accessed cART in BC.
Key data: cART use history, CD4 cell count, plasma viral load and demographic information.

Summary: the BC-MoH MSP Payment Information File contains data on medically necessary
services provided by fee-for-service physicians, supplementary health care practitioners,
laboratory services and diagnostic procedures (eg, X-rays, ultrasounds, etc), and dental and
oral surgery for individuals covered by MSP, the BC province’s universal health insurance
programme.

Key data: laboratory and diagnostic procedures, encounter claims and all fee-for-service
claims with dates, diagnoses and costs billed.

Summary: this is the central demographics file used by Population Data BC for research
requests. It pools data from multiple BC-MoH sources and includes information on individuals
who receive health care services in BC, and/or are registered and eligible to receive services in
BC.

Key data: basic demographics information such as age and sex, geographical codes
indicating location of residence.

Summary: the BC-MoH DAD captures demographic, administrative and clinical data for
hospital discharges (inpatient acute, chronic, rehabilitation) including transfers and deaths of
inpatients and day surgeries.

Key data: inpatient care data with information on care provided (eg, acute, day surgery,
rehabilitation, etc), diagnostic ICD-9 and ICD-10 codes in relation to patient’s hospitalisation,
procedure and length of stay.

Summary: this data set contains information on care episodes and service events specific to
mental health services.

Key data: mental health care episodes, service events and diagnosis assessed using DSM
codes.

Summary: the BC-CA Registry contains information on all diagnosed and reported cancers for
BC residents.

Key data: cancer diagnosis data including information such as demographics (age, sex) and
other information such as diagnosis date, location of cancer, tumour group, histology.

Summary: this registry records information of all registered deaths in BC.
Key data: includes information such as age and sex of deceased, date and place of death,
and underlying cause of death coded using the ICD-9 and ICD-10 coding systems.

Summary: this data set captures information relating to prescription drugs covered under
PharmaCare, the BC public drug insurance programme.

Key data: drug name/identifier including information such as prescriber code, prescription
date and length, dosage, and drug cost.

Summary: this data set captures information relating to all prescription drugs dispensed by
community and outpatient pharmacies in BC as well as PharmaCare claims.

Key data: drug name/identifier including information such as prescriber code, prescription
date and length, dosage, and drug cost.

BC, British Columbia; BC-CA, BC Cancer Agency; BC-CfE, British Columbia Centre for Excellence in HIV/AIDS; BC-MoH, British Columbia
Ministry of Health; cART, combination antiretroviral therapy; COAST, Comparative Outcomes And Service Utilization Trends; DAD, Discharge
Abstract Database; DSM, Diagnostic and Statistical Manual of Mental Disorders; DTP, Drug Treatment Program; ICD, International
Classification of Diseases; MSP, Medical Services Plan.

*Additional details describing these data sources can be found at: http://www.cfenet.ubc.ca and https://www.popdata.bc.ca/data.

period for which completely linked data are available).
The study consists of two cohorts of adults (=19 years
of age) (figure 1). The first, the HIV-positive cohort, is
made up of all adults known to be HIV-positive between
1 April 1996 and 31 March 2013 in BC. The second,
the general population comparison cohort, includes
a 10% random sample of the total BC population

meeting the age criterion (=19 years) between 1 April
1996 and 31 March 2013. Both cohorts are currently
followed longitudinally from fiscal years 1996,/1997 to
2012/2013 with future data updates planned biennially
to enable us to capture the dynamic nature of popu-
lation health parameters. Regular data updates and a
refresh of the data linkage would allow us to extend the
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Composition of COAST cohorts

COAST cohorts N

General population
comparison cohort

Random 10% sample of distinct
individuals aged 19+ in BC (1996-2013)

Temporal view of the COAST study

[ —C—>]

Starts in
1 April 1996

HIV-positive cohort

HIV-positive individuals aged 19+
identified from databases and through
HIV case-finding algorithm 2*

-->

Future data updates
planned biennially

Currently
followed until

31 March 2013

Figure 1 The COAST Study cohorts design and composition. BC, British Columbia; COAST, Comparative Outcomes And

Service Trends. 2, Antoniou et al 2011'%; *, Nosyk et al 2013.%

study follow-up to include more current years and addi-
tional data.

We defined loss to follow-up as no record of contact with
the health care system as captured through an encounter
or service event (eg, MSP registration and/or claim,
hospitalisation or an HIV-related clinical test) within 18
months of the study cut-off date (currently 31 March
2013), in which case the individual’s end of follow-up date
corresponds to his/her last contact date. Deaths were not
classified as loss to follow-up as all cohorts were linked
to BC Vital Statistics Agency mortality data,18 containing
information on all registered deaths in the province. In
terms of the study’s inclusion criteria, individuals become
eligible for inclusion in the COAST Study if they reside in
BC, have a PHN and are aged 19 years or older at either
baseline or during the study follow-up. Details specific to
the formation of the two COAST cohorts are described
below.

HIV-positive cohort creation

We identified potential individuals for inclusion in the
HIV-positive cohort through the BC-CfE DTP registry,
with supplemental review of eight databases from Popu-
lation Data BC (table 1). As a first step, we included all
age-eligible individuals in the HIV-positive cohort if they
had a record of at least one detectable HIV plasma viral
load and/or have initiated cART (ie, individuals were
contained in the BC-CfE DTP registry). In a second step,
using ICD-9 and ICD-10 codes, we identified additional
individuals for potential HIV-positive cohort inclusion by
flagging those with at least one record of having received
care for an HIV-related or AIDS-related medical condi-
tion or death through a review of supplementary adminis-
trative data sets in the databases described in table 1. This

case identification of potential HIV-positive individuals
was enabled through the use of the following ICD codes:
ICD-9 codes 042, 043, 044, V08, 795.71, 795.8; ICD-10
codes B20, B21, B22, B23, B24, R75, Z21; and ICD-10-CA
codes B20-24, R75, Z21. These codes represent health
states that are indicative of HIV infection. To distinguish
true HIV-positive cases from those that may have been
misclassified in the group of potential PLHIV identified
through the administrative data sets, a validated HIV case-
finding algorithm—an additional criterion of at least one
inpatient and/or three or more outpatient ICD-9/10
codes associated with HIV/AIDS—was applied.21 2

General population comparison cohort creation

Within Population Data BC, the Consolidation File is
the central demographics file and contains basic demo-
graphic information such as age, sex and geographical
location of residence for all individuals who are eligible to
or who receive health care services in BC.'* We used this
file to identify participants from the general population
to serve as the comparison or control cohort. Specifically,
to create the general population comparison cohort, a
10% random sample of persons from the demographics
file was generated from a combined pool of distinct indi-
viduals with unique PHNs in the general population of
BC meeting the age criterion (=19 years) from the fiscal
years 1996/1997 to 2012/2013. A computer-generated
simple random sampling technique was executed to draw
the 10% random sample. A small number of HIV-posi-
tive individuals was randomly drawn and this allows us to
further separate this cohort by serostatus and to perform
analyses that compare PLHIV (ie, the HIV-positive cohort)
to either the general population or to HIV-negative indi-
viduals, depending on the research question of interest.
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Considered for inclusion
in general population

comparison cohort 2
n=5,163,400

Considered for inclusion
in HIV-positive cohort ®

n=28,061

HIV-seropositivity confirmed via

BC-CfE database

Excluded (n=2,653)

-

Confirmed
HIV-positive
n=12,057

Random sampling
10% of total

/l :

Unconfirmed
HIV-positive
from BC-MoH ¢
n=13,351

e Hepatitis B, not HIV
cases (n=69)

e Cases with 1+
undetectable PVL tests
and no other HIV
related record (n=2,584)

Case-finding
algorithm applied

Excluded
n=11,501

Confirmed HIV-positive

n=1,850

Y

General population
comparison cohort
n=516,340

HIV-positive cohort

n=13,907

Figure 2 Flow diagram of the COAST Study cohorts creation process. 2, represents all distinct individuals in BC who were
19years or older between fiscal years 1996/1997 and 2012/2013; ®, represents all individuals in BC who were 19years or
older between fiscal years 1996/1997 and 2012/2013 and with at least one record of the following: HIV-related hospitalisation
or physician claim, AIDS-defining illness, antiretroviral therapy dispensation or a plasma viral load (pVL) test; °, represents
unconfirmed HIV-positive cases with at least one HIV-related BC-MoH record, but no other HIV-related records in the BC-CfE

database.

Study participants and follow-up

The COAST cohort creation process and the final
composition of the two cohorts is described schemat-
ically in figure 2. In brief, the COAST Study, which is
population-based in nature, includes 528859 unique
individuals of whom 13907 (2.6%) are HIV-positive.
The median follow-up time (lower quartile (Q1), upper
quartile (Q3)) is 7.1 years (2.6, 13.2) and 12.4 years
(4.8, 16.9), for the HIV-positive and general popula-
tion comparison cohorts, respectively. Table 2 provides
a descriptive summary of the demographic composi-
tion and key characteristics of the study cohorts. The
majority of individuals in the HIV-positive cohort were
men (80%) and the median age at entry into the study
is 38 years (32, 46). About a quarter of the individuals
in this cohort had no record of cART initiation during
the current follow-up of this study. The general popu-
lation comparison cohort includes 516340 individ-
uals, 50% of whom were men. The median (Q1, Q3)
age at baseline for this cohort is 35 years (23, 48).

Figures 3 and 4 graphically highlight the distribution of
the study cohorts stratified by age and sex. As is shown in
these population pyramids of individuals alive in 2013,
there were considerably more men in the HIV-positive
cohort than in the general population cohort. This
population characteristic of the HIV-positive cohort
is consistent with the demographic composition of
the HIV epidemic in BC and across Canada.” ** The
male-to-female ratio in the general population compar-
ison cohort was approximately 1, but as expected, the
proportion of men surviving to older ages (>70 years)
was relatively lower compared with women.

Data linkages

Data linkage 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 two COAST
cohorts to BC-MoH registries and other administra-
tive data sets through established linkage techniques

Eyawo 0, et al. BMJ Open 2018;8:6019115. doi:10.1136/bmjopen-2017-019115
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Table 2 Characteristics of the COAST Study cohorts

General population

HIV-positive cohort comparison

Variable (n=13907) cohort (n=516340)* P value
Age at baselinet median (Q1, Q3) (years) 38 (32, 46) 35 (283, 48) <0.0001
Sex, n (%) <0.0001

Male 11161 (80.2) 259863 (50.3)

Female 2743 (19.7) 256144 (49.6)

Unknown 3(0.0) 333 (0.1)
Health authority, n (%) <0.0001

Fraser 2915 (21.0) 166803 (32.3)

Interior 913 (6.6) 83722 (16.2)

Northern 465 (3.3) 30973 (6.0)

Vancouver Coastal 7246 (52.1) 136747 (26.5)

Vancouver Island 1560 (11.2) 84650 (16.4)

Unknown 808 (5.8) 13445 (2.6)
Follow-up time, median (Q1, Q3) years 7.1(2.6,13.2) 12.4 (4.8, 16.9) <0.0001
Lost to follow-up,§ n (%) 1544 (11.1) 87004 (16.9) <0.0001
Alive as of 31 March 2013, n (%) 8858 (63.7) 380305 (73.7) <0.0001
Ever been on cART, n (%)

Yes 10210 (73.4) NA NA

No 3697 (26.6)

cART, combination antiretroviral therapy; NA, not applicable; Q1, 25th percentile; Q3, 75th percentile.

*This cohort includes 1388 known HIV-positive individuals who were randomly drawn when the cohort was created. Depending on the
research question, the HIV-positive individuals in this cohort can be excluded to have an HIV-negative cohort.

TBaseline is defined as the date of known positive HIV serostatus (if participant is HIV-positive) or the date when the age eligibility was met
(=19 years of age), whichever came second, and a confirmed record of registration with the Medical Services Plan (MSP), the British Columbia

(BC) public health insurance programme.

FRefers to the provincial health care authority/jurisdiction where participants resided at latest known address.

§An individual is lost to follow-up when there has been no record of contact with the health care system as captured through an encounter
or service event (eg, MSP registration and/or claim, hospitalisation, plasma viral load test, etc) for at least 18 months prior to the end of the
study cut-off date (currently 31 March 2013), in which case the individual’s end of follow-up date corresponds to his/her last contact date.

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 deidentified data for research purposes were
assigned with new non-identifying record IDs. Although
the final linked data were deidentified 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 data linkage
was executed by Population Data BC and approved by
data stewards representing the various data providers,
namely the BC-CfE, BC Cancer Agency, BC-MoH, BC
Vital Statistics Agency and PharmaNet. Extensive detail
on the data linkage process has been described by Popu-
lation Data BC.*

Partner cohort studies

COAST has two partner cohort studies with overlapping
goals and objectives and coordinated within BC-CfE.
These two studies (Highly Active Antiretroviral Therapy
(HAART) Observational Medical Evaluation and
Research (HOMER)) cohort, and the Seek and Treat for

the Optimal Prevention of HIV/AIDS (STOP HIV/AIDS)
cohort) which have been described extensively else-
where,26 27 use robust clinical data from the BCG-CfE DTP
registry to evaluate mortality, prognostic-related and treat-
mentrelated outcomes among HIV-positive individuals
with the goal of informing treatment priorities and thera-
peutic guidelines among those living with HIV. Similar to
COAST, the STOP HIV/AIDS Study also involves linkage
to other provincial administrative databases to examine
health care delivery indicators and evaluate the cascade
of care and population-level effect of cART expansion.
COAST is however more expansive in scope and has in
addition to the HIV-positive cohort, a comparison cohort
of over half million members of the general population.
Furthermore, unlike HOMER that includes only cART-
naive participants,”® and STOP HIV/AIDS that includes
HIV-positive individuals aged 18 months and over,” the
COAST Study focuses primarily on HIV-positive adults
irrespective of cART initiation, and the general popula-
tion, to better understand health outcomes, health service
use and long-term trends associated with HIV and ageing.

6
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Males: 7,098 Sex Ratio (m/f): 4.040 Females: 1,757
0.14% | 85+ 0.08%
0.33% I 80-84 0.09%
0.77% I 75-79 0.16%
1.54% . 70-74 0.23%
3.84% - 65-69 I 0.44%
6.49% - 60-64 I 0.99%
11.21% _ 55-59 - 2.03%
10.75% _ 40-44 - 3.24%
5.89% - 35-39 - 3.09%
4.74% - 30-34 . 2.04%
2.15% . 25-29 I 1.08%
0.55% I 19-24 I 0.20%

14'52 10'89 7;6 3&3 0 0 3f'>3 7;6 10'89 14'52
Scale (x1)

Findings to date

In terms of research outputs, several investigations are
currently underway or have already been completed since
the data linkage and creation of the COAST Study in 2015.
During the current follow-up from 1996 to 2013, a total
of 3505 (25%) and 49031 (9%) individuals died in the
HIV-positive and general population comparison cohorts,
respectively. Regarding loss to follow-up, we observed
the following: during the nearly 17 years of follow-up,
approximately 11% and 17% of individuals have been
lost to follow-up in the HIV-positive and general popu-
lation comparison cohorts, respectively. These estimates
are comparable to those reported in other major HIV
cohorts.”® When we looked at the last 3years of the study
(1 April 2010 to 31 March 2013), approximately 3% of
participants were lost to follow-up in both groups.

The completed studies using the COAST data have
been published in peerreviewed journals and covered
a range of health-related research topics with important
clinical and policy relevance. One study examining
health-adjusted life expectancy among adults with and
without HIV sought to understand whether morbidity

Total Population: 8,855

Figure 3 Population pyramid by age and sex for HIV-positive cohort members not lost to follow-up and alive as of 31 March
2013 (Note: those with unknown sex (n=3) are not reflected in the figure).

experienced by HIV-positive individuals on cART was
compressed in the last years of life or lessened as people
age.” Results from this study found little differences in
levels of morbidity compression by HIV status. However,
PLHIV, notably women living with HIV, appeared to expe-
rience less time in a healthy state compared with those
in the general population. Another study investigating
the rates and predictors of injury within the COAST
cohorts found that there were significantly higher rates
of intentional and unintentional injury among HIV-posi-
tive individuals compared with the general population.™
We have also characterised the changing patterns in
mortality rates and causes of death among HIV-positive
and HIV-negative individuals in the period since the
introduction of cART in 1996.*" This study found signif-
icant reductions in mortality among HIV-positive indi-
viduals in the period from 1996 to 2012. In particular, a
reduction of over 90% in mortality rates from HIV-related
causes was observed when rates in 1996 were compared
with those in the 2011-2012 era. However, this study also
pointed to the rise in mortality from comorbidities, such
as non-AIDS-defining cancers, which were found to be
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Males: 187,089 Sex Ratio (m/f): 0.969 Females: 193,122

1.08% - 85+ - 1.98%
1.26% - 80-84 - 1.50%
1.73% - 75-79 - 1.92%

o -

192 144 96 48
Scale (x 1,000)

48 96 144 192

O 1

Total Population: 380,211

Figure 4 Population pyramid by age and sex for general population comparison cohort members not lost to follow-up and
alive as of 31 March 2013 (Note: those with unknown sex (n=94) are not reflected in the figure).

currently the leading non-HIV-related cause of death in
both HIV-positive and HIV-negative individuals. More
recently, another publication by our group presented
evidence demonstrating higher rates of mood disorder
diagnosis among HIV-positive individuals compared with
the general population.” These publications using the
COAST Study data, including several others in develop-
ment, will provide additional understanding around these
topics and contribute to important gaps in the literature.

DISCUSSION

The COAST Study is uniquely positioned to charac-
terise, compare and forecast future health outcomes and
health care service use in a population-based cohort of
HIV-positive individuals as compared with those observed
in the general population. Unlike other observational
studies of HIV-positive individuals that lack a compar-
ison group, we will be able to include additional data
from the general population comparison cohort to docu-
ment differences in ageing-related and disease-related
outcomes between PLHIV and the general population

over time. This will potentially help to identify and better
examine key determinants that may help explain differ-
ences in health outcomes and trends in health care
service use between PLHIV and the general population.
Given that many comorbid conditions have overlap-
ping aetiologies in both HIV-positive and HIV-negative
individuals,” this kind of comparison with the general
population is becoming increasingly common in chronic
disease studies,”® and can help identify morbidity and
mortality gaps in PLHIV relative to the general popula-
tion. Our hope is that this information will ultimately
inform polices to guide treatment, management and
service provision for ageing HIV-positive individuals
in this province and elsewhere. Apart from the regular
data updates and refresh to the linkage planned to occur
every 2years, future analysis will determine the validity
of algorithms derived from administrative health data to
identify chronic conditions and examine age-associated
comorbidities and patterns of health service use over time
among PLHIV and the general population. To date, the
COAST Study has already established its value through
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key findings that demonstrate differences in health states
according to HIV status, including highlighting the
changes in the causes of death since cART’s introduction
among PLHIV.*™?

Strengths and limitations
There are several features of the COAST Study that reflect
the study’s strengths. First, the large sample size, popu-
lation-based nature and representativeness of the study
cohorts are all important elements of the study. In partic-
ular, the large sample size will allow us to assess small
but potentially important differences in the outcomes of
interest in the respective cohorts. Second, the HIV-pos-
itive cohort includes the vast majority of all known
PLHIV in BC since our HIV case ascertainment method
involved identification of clients from the BC-CfE registry
combined with the use of a validated HIV case-finding
algorithm to identify additional individuals from health
administrative databases. The validated HIV case-finding
algorithm helped reduce the risk of potential misclassi-
fication and increased our capacity to correctly identify
true HIV-positive cases in these databases.”” Third, our
use of a large comparison cohort of the general popu-
lation comprised of individuals from within the same
health care system as the HIV-positive cohort helps to
minimise selection bias that can be introduced by using
an external comparison group. The over half million
unique participants that make up the general popula-
tion comparison cohort were recruited across the time
horizon of the study through a random selection process
that implements the age eligibility criterion to ensure
that the minimum age limit of this group is comparable
to that of individuals in the HIV-positive cohort. Fourth,
the cohorts within the COAST Study comprise individuals
that access a publicly funded health care system—one
that provides universal coverage for medically necessary
health care services based on need rather than the ability
to pay. Moreover, in BC, cART and related laboratory
monitoring and medical care are fully subsidised, without
any co-payments or deductibles, which are present in
some other Canadian jurisdictions or elsewhere in the
world. Therefore, potential biases that could result from
differential access to health care services are minimised.
Finally, the centralised nature of cART distribution in BC,
which is managed by the BC-CfE DTP," is unique and has
created an environment to facilitate population-based
monitoring and evaluation of HIV-positive individuals’
health outcomes and response to cART on a popula-
tion-level basis. This feature of the BC-CfE DTP registry
and the longitudinal follow-up of the study ensures
additional opportunities for data capture and, conse-
quently, low attrition rates. Taken together, this unique
environment has consequently enabled the kind of data
linkage across many registries and databases that we have
performed with Population Data BC to facilitate a study
of this nature and magnitude.

It is important to also highlight the limitations of the
COAST Study. Importantly, our study did not have access

to documented HIV testing data from the BC Centre for
Disease Control (BC-CDC). However, as 95% of indi-
viduals who tested nominally within the BC-CDC are
also BC-CfE clients (BC Centre for Excellence in HIV/AIDS,
Internal Data (2015)), we believe that we have captured
most of the remaining 5% through the BC-MoH records
within Population Data BC through the aforementioned
methods. We should note thatalthough we believe we have
captured the remaining 5%, it would be useful in future
updates to discern the validity of these cases by looking at
laboratory markers such as CD4 cell count in addition to
viral load. We are also limited in our ability to ascertain
out-of-province events and to consistently identify Indig-
enous individuals who have been shown to be dispropor-
tionately affected by HIV,” which will limit the type of
analyses we can perform. Our assessment of specific HIV
transmission groups, like people who use drugs and gay,
bisexual and other men who have sex with men is limited
by ascertainment of these groups by the BC-CfE. Addi-
tionally, administrative data can be prone to incomplete
coding meaning that common limitations (eg, misclassi-
fication of exposures or outcomes) associated with the
use of such data for research remains. The algorithm
currently used in COAST to ascertain comorbidities asso-
ciated with HIV is based on systems put in place by other
studies and by a thorough review of these coding systems
by a group of researchers associated with the study. Even
though these deliberations are thorough, they are prone
to misreporting and misclassifications of these exposures.
In the future, we hope to validate many of these exposures
in a series of small studies. Although loss to follow-up is a
common concern in cohort studies, we were able to mini-
mise loss through extensive data linkages across multiple
data sources. Finally, since the absence of unmeasured
confounding cannot be completely ruled out in observa-
tional studies such as this one, associations drawn from
the study cannot be viewed as causal.

CONCLUSION

In summary, COAST is a robust population-based cohort
study that was created within a fully subsidised health care
setting and is ideally suited to investigate health outcomes
and health care resource use among ageing HIV-positive
individuals and the general population. COAST provides
an important and unique avenue to better understand
the association between cART uptake and health trends
among PLHIV over time by employing a longitudinal
comparison with the general population as a natural
reference. Ongoing and future analyses using the COAST
Study data will provide unique insights and empirical
evidence to inform health policymakers' and HIV service
providers' effort to better design programmes, devise
and implement strategies and interventions to facilitate a
more effective and efficient use of health care resources
with the overall goal of improving population health
outcomes.
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