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ABSTRACT

Objectives To assess the impact of physicians’ patient base
composition on all-cause mortality among people living with
HIV (PLHIV) who initiated highly active antiretroviral therapy
(HAART) in British Columbia (BC), Canada.

Design Observational cohort study from 1 January 2000
to 31 December 2013.

Setting BC Centre for Excellence in HIV/AIDS’ (BC-CfE) Drug
Treatment Program, where HAART is available at no cost.
Participants PLHIV aged > 19who initiated HAART in

BC in the HAART Observational Medical Evaluation and
Research (HOMER) Study.

Outcome measures All-cause mortality as determined
through monthly linkages to the BC Vital Statistics Agency.
Statistical analysis We examined the relationships
between patient characteristics, physicians’ patient base
composition, the location of the practice, and physicians’
experience with PLHIV and all-cause mortality using
unadjusted and adjusted Cox proportional hazards models.
Results A total of 4445 PLHIV (median age = 42, Q1, Q3
= 34-49; 80% male) were eligible for our study. Patients
were seen by 683 prescribing physicians with a median
experience of 77 previously treated PLHIV in the past
2years (Q1, Q3 = 23-170). A multivariable Cox model
indicated that the following factors were associated with
all-cause mortality: age (aHR = 1.05 per 1-year increase,
95% Cl = 1.04 to 1.06), year of HAART initiation (2004—
2007: aHR = 0.65, 95% Cl = 0.53 t0 0.81, 2008-2011:
aHR = 0.46, 95% Cl = 0.35 to 0.61, Ref: 2000-2003), CD4
cell count at baseline (aHR = 0.88 per 100-unit increase in
cells/mm?, 95% Cl = 0.82 to 0.94), and < 95% adherence
in first year on HAART (aHR = 2.28, 95% Cl = 1.88 to
2.76). In addition, physicians’ patient base composition,
specifically, the proportion of patients who have a history
of injection drug use (@HR = 1.11 per 10% increase in
the proportion of patients, 95% Cl = 1.07 to 1.15) or
Indigenous ancestry (aHR = 1.07 per 10% increase ,

95% Cl =1.03-1.11) and being a patient of a physician
who primarily serves individuals outside of the Vancouver
Coastal Health Authority region (@HR = 1.22, 95% Cl =
1.01 to 1.47) were associated with mortality.

Conclusions Our findings suggest that physicians with a
higher proportion of individuals who face potential barriers

to care may need additional supports to decrease mortality
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Strengths and limitations of this study

» Prospective data capturing almost all treat-
ment-naive individuals accessing antiretroviral ther-
apy in the province of British Columbia, Canada.

» Longitudinal information on patients and physicians
where antiretroviral therapy is universally available.

» Limited ability to capture many patients’ mode of
HIV acquisition.

» Potential for incomplete information due to reliance
on routine clinical data collection.

among their patients. Future research is required to examine
these relationships in other settings and to determine
strategies that may mitigate the associations between the
composition of physicians’ patient bases and survival.

INTRODUCTION
Over the last two decades, research has shown
that physicians’ level of experience managing
HIV infection can impact patients” HIV-specific
health outcomes.' * Most notably, Kitahata et al'
was the first to demonstrate that physician expe-
rience was associated with better survival after
the development of AIDS. After adjusting for
the severity of illness and the year of HIV diag-
nosis, the study found that people living with
HIV (PLHIV) cared for by physicians with the
most clinical experience had approximately
one-third lower risk of mortality than patients
cared for by physicians with the least experi-
ence.' ? Other studies have highlighted the
potential impacts of physician experience, the
model of care delivered, and the earlier adapta-
tion of antiretroviral therapy on survival among
PLHIV.>®

Despite improved survival for PLHIV on
highly active antiretroviral therapy (HAART),”™
particular subgroups of PLHIV are still
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Total analytical sample (HOMER Study)
(n =4445)

Participants included in unadjusted analyses
(n = 4445)

Variable-specific exclusions:

Missing data on Indigenous % in physicians' patient
base composition: n = 190

Missing data on history of IDU % in physicians'
patient base composition: n = 28

Missing data on gay, bisexual and other MSM % in
physicians' patient base composition: n=73

Missing data on HCV antibody status % in physicians'
patient base composition: n =15

Figure 1

Participants included in adjusted analysis
(n =4247)

Excluded: n = 198

Missing data on Indigenous % in physicians' patient
base composition: n = 190

Missing data on history of IDU % in physicians'
patient base composition: n = 28

(20 participants were missing data on both variables.)

Flow diagram of participant inclusion in the statistical analyses. HCV, hepatitis C virus; HOMER, HAART

Observational Medical Evaluation and Research Study; IDU, injection drug use; MSM, men who have sex with men.

disproportionately affected by higher mortality rates.”* '’ In
Canada, previous research has shown that PLHIV who have
a history of injection drug use (IDU), who are of Indigenous
ancestry, or who are women, have a lower life expectancy than
their counterparts.” '’ This is despite universal health insur-
ance and access to HAART, which has been available free
of charge since 1996 to medically eligible PLHIV in British
Columbia (BC), Canada, through the BC Centre for Excel-
lence in HIV/AIDS’ (BC-CfE) Drug Treatment Program
(DTP)."" A better understanding of the clinical contexts that
potentially contribute to higher mortality among particular
subgroups of PLHIV is thus integral to improving care for
this population.

Taking this issue into consideration, our work sought
to understand how physicians’ patient base compositions
and their experience impacts all-cause mortality of their
patients living with HIV. We hypothesise that PLHIV
attending physicians’ clinics that provide care to a greater
proportion of individuals from populations impacted
by social and structural inequities have higher rates of
mortality, independent of physician experience.

METHODS

Study design and cohort description

Medically eligible PLHIV in BC are automatically enrolled
into the BC-CfE DTP upon a physician’s prescription
of HAART. This observational study is based on data

from the HAART Observational Medical Evaluation and
Research (HOMER) Study, which includes all BC-CfE
DTP participants who were antiretroviral-naive in BC
prior to enrolment, aged 19 years or older at antiretro-
viral initiation, and whose first antiretroviral regimen
included three or more active agents initiated on or after
1 August 1996. Eligible individuals were also required to
have a CD4 cell count and plasma viral load measurement
available within 6 months prior to HAART initiation.
HOMER participants’ demographic and clinical informa-
tion, laboratory test results (including plasma viral load
measurements and CD4 cell counts), HAART prescrip-
tions, and other electronic health data are collected in
the BC-CfE’s electronic database. At enrolment into the
DTP, participants are provided with information about
data collection, use of their data in research, and the
measures taken to ensure confidentiality. Cohort charac-
teristics and DTP data collection and management proce-
dures have been described in detail elsewhere.'”* HOMER
provides a comprehensive data source for investigating
mortality, prognostic factors, and treatment responses
among PLHIV across the province from the inception of
HAART to a predetermined endpoint.

Inclusion/exclusion criteria
For this study, we included HOMER participants who
initiated HAART in BC between 1 January 2000 and 31
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Table 1 Patient and prescribing physician characteristics
at baseline (n=4445).

% or

Variable N or median (Q1-Q3)

Participant characteristics

Sex
Male 3565 80.2%
Female 880 19.8%
Age: years 42 34-49
Year of HAART initiation
2000-2003 907 20.4%
2004-2007 1212 27.3%
2008-2011 1657 37.3%
2012-2013 669 15.0%
Adherence in first year on HAART
> 95% 3041 68.4%
<95% 1404 31.6%
CD4 count at baseline (cells/ 230 120-350
mm?®)
Characteristics of participants’ physicians
Number of patients with HIV 77 23-170

seen by physician (past 2 years)

Proportion of patients in physicians’ patient base*
9%-33%
19%-67%

Indigenous ethnicity 14%
History of IDU 41%
HCV antibody status (positive) 41% 24%-67%
Gay, bisexual and other MSM  47% 12%-79%
Majority health authority of physicians’ patient base

Vancouver Coastal Health 2950 66.4%

Authority

Other health authority 1495 33.6%
Number of LHAs represented in 13 5-24

physician’ patient base

*See figure 1 for details on missing data related to physicians’
patient base composition variables. Data for this variable are
presented as a proportion because they represent the proportion
of individuals in the physician’s practice from select transmission
groups.

HAART, highly active antiretroviral therapy; HCV, hepatitis C virus;
IDU, injection drug use; LHA, local health area; MSM, men who
have sex with men.

December 2013 with a known prescribing physician, and
who were actively followed for at least 1year.

Patient and public involvement

The HOMER Study is nested within the DTP, which works
closely with community advisory boards in order to ensure
that ongoing studies are relevant. Since the establishment
of the cohort, many knowledge translation activities have
been conducted in consultation with PLHIV to dissemi-
nate findings to people and communities affected by HIV.

Outcome measure and explanatory variables

The primary outcome of interest in this analysis is
all-cause mortality, determined through monthly link-
ages to the BC Vital Statistics Agency. Independent
variables obtained through the DTP included: age
(years); sex (male vs female); year of HAART initiation
(2000-2003 vs 2004-2007 vs 2008-2011 vs 2012-2013, to
reflect changes in prescription guidelines for HAART-
naive individuals); medication adherence (proportion
of HAART prescription refills in the first year after
prescription); baseline CD4 cell count at HAART initi-
ation; the proportion of individuals in the physician’s
patient base from select transmission groups (eg, history
of IDU; gay, bisexual and other men who have sex with
men [MSM]) and ethnicities (ie, Indigenous ancestry).
In addition, the province of BC is divided into 89 local
health areas (LHAs), which combine to form 5 aggre-
gated health authorities that are used by the government
in the planning of health services delivery."” In this anal-
ysis, we counted the number of LHAs represented in
each prescribing physician’s patient base and whether
patients in that practice mostly resided in the Vancouver
Coastal Health Authority region (a higher proportion
of urban residents) versus the other health authorities
in BC (which have a comparatively lower proportion of
urban residents). Finally, we included the variable physi-
cian experience, which was defined as the cumulative
number of PLHIV whom the physician had previously
monitored in the BC-CfE DTP in the 2 years prior to
seeing each of the study participants.

Statistical methods

The unit of analysis in this study was the patient. Several
patient characteristics and prescribing physician char-
acteristics were compared using Pearson’s x° tests for
binary/categorical variables and Wilcoxon rank-sum
tests for continuous variables. A trend analysis for
all-cause mortality was conducted for select explanatory
variables using Kaplan—-Meier survival curves. We quanti-
fied the association between prescribing physician char-
acteristics and time-to-death for their patients using Cox
proportional hazards models; unadjusted and adjusted
hazard ratios (HR) and 95% confidence intervals (CI)
are presented. Participants missing data on the charac-
teristics of the prescribing physician were excluded from
the analyses (see figure 1). Variables retained in the final
multivariable model were selected using an exploratory
model selection process based on Akaike Information
Criterion (AIC) and type III p-values. Due to collinearity
between hepatitis C virus (HCV) and IDU, the propor-
tion of individuals in the physician’s patient base who
were HCV-positive was not included in the multivariable
model. SAS V.9.3 (SAS Institute) was used to perform
all statistical analyses. Ethical approval for this study
was received from the University of British Columbia’s
Research Ethics Board (H05-50123).
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Figure 2 Kaplan—-Meier survival curves by: adherence in the first year on HAART, year of HAART initiation, and sex.

RESULTS
A total of 4,445 PLHIV aged 19 years and over (median
age = 42, Ql, Q3 = 34-49) were enrolled in the study
between 1 January 2000 and 31 December 2013, and
were actively followed until 31 December 2014. Of these,
80.2% (n = 3,565) were male. The largest proportion of
participants (37.3%) initiated HAART between 2008 and
2011, 68.4% (n = 3,041) were = 95% adherent in first year
on HAART , and 11.2% (n = 498) died during follow-up.
Table 1 describes select patient characteristics and
their prescribing physician’s characteristics at the time
of HAART initiation. HOMER participants were seen by
a total of 683 prescribing physicians. Participants’ physi-
cians had treated a median of 77 (Q1, Q3 =23-170) PLHIV
on HAART in the 2years prior to baseline. Overall, study
participants attended physician practices where a median
of 14% (Q1, Q3 = 9%-33%) of individuals were of Indig-
enous ancestry, 41% (Q1, Q3 = 19%-67%) had a history

of IDU, 41% (Q1, Q3 = 24%-67%) had a positive HCV
antibody status, and 47% (Q1, Q3 = 12%-79%) were gay,
bisexual and other MSM. Missing data on physicians’
patient base composition (proportion of patients with
Indigenous ancestry, history of IDU, positive HCV anti-
body status, or gay, bisexual and other MSM) are described
in figure 1. Compared with the rest of the patients, the
individuals with missing values were more likely to be
older, more likely to be from a health authority region
other than Vancouver Coastal Health, more likely to be
Indigenous (or with an unknown Indigenous status), and
less likely to have a history of IDU (or have an unknown
IDU status). Participants’ physicians treated patients from
a median of 13 LHAs (Ql, Q3 = 5-24), with the majority
of LHAs within the Vancouver Coastal Health Authority
(versus any other BC health authority).

Figure 2 presents descriptive Kaplan-Meier survival
curves which show that females, those who started HAART
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Table 2 Unadjusted and adjusted Cox proportional hazard
models quantifying the relationships between patient and
prescribing physician characteristics and all-cause mortality

n = 4445 n = 4247
Unadjusted HR Adjusted HR
Variable (95% ClI) (95% Cl)
Patient characteristics at baseline
Sex
Male Ref Not selected
Female 1.42 (1.16-1.73) Not selected
Age* 1.03 (1.02-1.04) 1.05 (1.04-1.06)
Year of HAART initiation
2000-2003 Ref Ref
2004-2007 0.66 (0.54-0.82) 0.65 (0.53-0.81)
2008-2011 0.45 (0.35-0.58) 0.46 (0.35-0.61)
2012-2013 0.46 (0.24-0.88) 0.62 (0.32-1.21)
CD4 baseline (cells/ 0.82 (0.77-0.88) 0.88 (0.82-0.94)

mm?) per 100 unit

increase
Adherence in first year on HAART
>95% Ref Ref
<95% 2.50 (2.09-2.98) 2.28 (1.88-2.76)

Characteristics of participant’s physicians at baseline

Number of patients 0.98 (0.97-0.99) Not selected

with HIV treated (past
2years) per 10 patients

Proportion of patients in physicians’ patient base, per 10%
increaset

Indigenous ethnicity
History of IDU

HCV antibody
status (positive)

1.15 (1.12-1.19)
1.17 (1.13-1.20)
1.18 (1.14-1.21)

1.07 (1.03-1.11)
1.11 (1.07-1.15)
Not included

Gay, bisexual and Not selected

other MSM

Number of LHAs
represented in
physician’s patient
base*

0.89 (0.87-0.91)

0.97 (0.96-0.98) Not selected

Majority health authority of physician’s patient base

Vancouver Coastal Ref Ref
Health Authority

Other health authority 1.55 (1.29-1.85) 1.22 (1.01-1.47)

*Per 1-unit increase.

1See figure 1 for details on missing data related to physicians’
patient base composition variables.

HAART, highly active antiretroviral therapy; HCV, hepatitis C virus;
IDU, injection drug use; LHA, local health area; MSM, men who
have sex with men.

before 2004, and those with <95% HAART adherence in
their first year had a lower probability of survival over
time (p < 0.001).

Table 2 presents unadjusted and adjusted Cox models
examining the relationships between participants’
prescribing physician characteristics and all-cause
mortality. In the unadjusted model, all patient factors
and characteristics of the physicians’ patient base compo-
sition were associated with mortality. A multivariable Cox
model indicated that the following factors were associ-
ated with all-cause mortality: age (adjusted hazard ratio
[aHR] = 1.05 per 1-year increase, 95% CI = 1.04 to 1.06),
year of HAART initiation (2004-2007: aHR = 0.65,
95% CI = 0.53 to 0.81, 2008-2011: aHR = 0.46, 95% CI
= 0.35 to 0.61, Ref: 2000-2003), CD4 count at baseline
(aHR = 0.88 per 100-unit increase in cells/mmg, 95%
CI =0.82 to 0.94), and < 95% adherence in first year on
HAART (aHR = 2.28, 95% CI = 1.88 to 2.76). In addition,
physicians’ patient base composition, specifically, the
proportion of patients who have a history of IDU (aHR
= 1.11 per 10% increase in the proportion of patients,
95% CI = 1.07 to 1.15) or Indigenous ancestry (aHR =
1.07 per 10% increase , 95% CI =1.03 to 1.11) and being
a patient of a physician who primarily serves individuals
outside of the Vancouver Coastal Health Authority region
(aHR =1.22, 95% CI = 1.01 to 1.47) were associated with
mortality.

DISCUSSION
Our study demonstrates that after adjusting for patient
characteristics including age, CD4 cell count, adherence
in first year of HAART, and year of HAART initiation,
several prescribing physicians’ patient base composi-
tion characteristics remained associated with all-cause
mortality. Specifically, we found that the following
prescribing physicians’ patient base composition char-
acteristics were associated with mortality: the proportion
of patients who have a history of IDU, the proportion of
patients with Indigenous ancestry, and being the patient
of a physician who primarilly serves individuals living
outside of the Vancouver Coastal Health Authority region.
In unadjusted analyses, we found only a marginal asso-
ciation between physicians’ experience treating patients
with HIV and greater survival. While other studies have
suggested that physician experience treating people with
HIV does impact mortality,”'* it is possible that we did not
observe this association in our study because of other
factors; age, year of HAART initiation, CD4 cell count,
HAART adherence, and the location and composition of
physicians’ patient base may play a more substantial role
in influencing a patients’ survival in our setting.
Participants with prescribing physicians who provided
care to a greater proportion of patients with a history of
IDU were more likely to die during the follow-up period.
Previous research has shown that PLHIV with a history
of IDU are often faced with co-occurring mental health
issues and other infections (eg, HCV),'” as well as higher
mortality rates.'® Moreover, PLHIV who use drugs face
numerous intersecting barriers to HIV care (ie, stigmaand
socioeconomic and psychosocial disparities'”’) which

Allan B, et al. BMJ Open 2019;9:€023957. doi:10.1136/bmjopen-2018-023957

5

“ybuAdoo Aq parosioid 1sanb Aq 20z ‘TT AeIA Uo /w0 [wqg uadoluwg//:dny woll papeojumoq "'6T0Z YdJeN 0Z U0 /G6E£20-8T0Z-uadolwg/oeTT 0T St paysiignd 1say :uado rNg


http://bmjopen.bmj.com/

may also be associated with mortality.”’ Therefore, physi-
cians who are treating a significant proportion of patients
with a history of IDU may need additional support to
reduce mortality in their patient base; integrated harm
reduction approaches have been recommended as a
public health strategy to improve patient engagement in
care, which can reduce patient mortality.*

Regarding patients of physicians who serve a higher
proportion of people with Indigenous ancestry, itis known
that Indigenous people are disproportionately affected
by HIV in BC, representing approximately 4% of the total
BC population and 9% of those living with HIV.*® Liter-
ature has found that Indigenous people within Canada
face adverse health outcomes due to histories of colo-
nialism, poverty, housing instability, and systemic racism
within the healthcare system.***® Physicians with a higher
proportion of their patient base with Indigenous ancestry
may benefit from targeted supports, and efforts could be
made to increase physicians’ cultural understandings of
the social-structural factors exacerbating health dispari-
ties for many Indigenous communities in Canada.*®

In 2013, the First Nations Health Authority was estab-
lished in BC. This was done in an attempt to reclaim
traditional healing practices and reform health service
delivery for Indigenous people through the incorpo-
ration of traditional ways of health and healing that
address the determinants of health.”” Physicians working
within the First Nations Health Authority have increased
opportunities for implementing culturally relevant and
accessible HIV care, which may help to reduce mortality
among populations impacted by HIV.

Notably, the Vancouver Coastal Health Authority
region is predominantly urban and contains the city of
Vancouver, as well as the BC-CfE. As a result, physicians
serving a majority of patients in more rural areas of the
province may be working in settings with fewer resources
and servicing populations with co-occurring barriers
to care. These barriers for PLHIV in rural settings can
include high levels of community stigma and limited
addiction, mental health, and HIV-specific services.?® Our
results align with other studies during the same time-
frame, which suggest that there may be a rural /urban gap
in the quality of HIV care in BC, potentially related to
poorer access to services and limited availability of special-
ised laboratory testing in remote locations.”” Efforts to
increase targeted services to individuals in these other
health authorities could be beneficial to reduce mortality
among PLHIV.

The HOMER Study provides an invaluable resource
for investigating the changing prognoses and treatment
outcomes of PLHIV initiating HAART over time in BC.
Unlike other cohorts, HOMER comprises an econom-
ically diverse population, as factors relating to financial
barriers to treatment do not limit access to HAART in
this setting. Similarly, as all participants are antiretrovi-
ral-naive at baseline, previous antiretroviral use does not
have the potential to introduce confounding bias. We
were also able to capture all deaths that occurred in BC

through regular linkages with BC’s Vital Statistics Agency.
Lastly, we limited losses to follow-up through the moni-
toring of individuals who discontinued treatment through
laboratory tests and physician reporting. However, our
work may be limited by the incomplete capture of data
indicating the mode of HIV acquisition for many partici-
pants. Furthermore, we did not capture detailed data on
physicians’ level of knowledge and/or recent training on
HIV care in BC.

In conclusion, we found that physicians’ patient
base composition, or more specifically, the propor-
tion of patients who have a history of IDU, Indigenous
ancestry, and being a patient of a physician who primarily
serves individuals outside of the Vancouver Coastal
Health Authority region were associated with all-cause
mortality. This suggests that physicians with a higher
proportion of patients who face potential barriers to
care may need additional supports to decrease mortality
among their patients. Future research is required to
examine these relationships in other settings and to
determine strategies that may mitigate the associa-
tions between the composition of physicians’ patient
bases and survival.
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