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Abstract

Objective—To explore non-HIV related healthcare service(s) (NHRHS) utilization,
demographic, clinical, and laboratory factors associated with timely initial ‘retention’ in HIV care
among individuals ‘linked’ to HIV care in British Columbia (BC), Canada.

Methods—We conducted a Weibull time-to-initial retention analysis among BC STOP HIV/
AIDS cohort participants linked in 2000-2010, who had =1 year of follow-up. We defined ‘linked’
as the first HIV-related service following diagnosis and ‘retained’ as having, within a calendar
year, either: i) =2 HIV-related physician visits/diagnostic tests or ii) =2 ART dispensations, =3
months apart. Individuals were followed until they were retained, died, their last contact date, or
December 315, 2011.

Results—Of 5231 linked individuals (78% male, median age 39 [Q1-Q3:32-46] years),
4691(90%) were retained (median time-to-initial retention:9[5-13] months) by the end of follow-
up and 540(10%) were not. Eighty-four percent of not retained and 96% of retained individuals
used =1 types of NHRHS during follow-up. Individuals who saw a specialist for NHRHS during
follow-up had a shorter time-to-initial retention than those who did not (adjusted Hazard Ratio
(aHR)=2.79; 95%Cl:2.47-3.16). However, those who saw a GP for NHRHS (aHR=0.79; 95%ClI:
0.74-0.84) and those admitted to the hospital for NHRHS (aHR=0.60; 95%C1:0.54-0.67), versus
those who did not, respectively, had longer times to initial retention; along with females, PWID,
and individuals <40 years old.

Conclusions—Overall, 84% of not retained individuals used some type of NHRHS during
follow-up. Given that 71% of not retained individuals used GP NHRHS, our results suggest GP-
targeted interventions may be effective in improving time-to-initial retention.

Corresponding Author: Dr. Viviane Dias Lima, Research Scientist and Senior Statistician, British Columbia Centre for Excellence in
HIV/AIDS, 608 - 1081 Burrard Street, Vancouver, BC, Canada V6Z 1Y6, Tel: 604-806-8796, Fax: 604-806-9044;
vlima@cfenet.ubc.ca.
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Some of the results described here were presented as an oral presentation at the 9th International Conference on HIV Treatment and
Prevention Adherence, Miami, Floridaon June 8t-10th, 2014 (Abstract #408).
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INTRODUCTION

Retaining HIV-diagnosed individuals in HIV care is crucial for optimizing HIV-related
health outcomes. Studies have shown that individuals retained in HIV care are more likely to
timely initiate antiretroviral therapy (ART)(1), have higher CD4 cell counts (2-5), and have
increased survival rates (3, 6, 7). They also have a decreased likelihood of developing HIV
opportunistic infections(8), being hospitalized (9-11), having high viral loads(2), and
developing ART resistance (2, 3, 12).

Furthermore, the importance of retaining individuals in care is emphasized in the context of
Treatment as Prevention (TasP). (TasP refers to the timely manner and sustained use of
HAART to simultaneously virtually eliminate the risk of disease progression to AIDS and
premature death, as well as HIV transmission (13-21).) This idea is demonstrated by the
results of a mathematical model, which estimated the proportion of HIV transmissions
occurring at each stage of the HIV care cascade (22). The authors estimated that individuals
who were diagnosed but not retained in HIV care accounted for the greatest proportion of
transmissions in the USA in 2009, 61%, as well as the second highest transmission rate, 5.3
per 100 person-years, following HIV-infected but undiagnosed individuals. These findings
further highlight the importance of understanding factors associated with timely retention in
HIV care (referred to as ‘retention’ hereafter), and the need to uncover opportunities for
engagement in HIV care, both of which are crucial for constructing targeted retention
interventions.

Unfortunately, achieving adequate retention remains an ongoing challenge. A recent
longitudinal analysis of the HIV cascade of care, from 1996-2011, in British Columbia (BC)
found that consistently, the greatest cascade attrition occurred between the stages ‘linked to
HIV care’ and ‘retained in HIV care’ (23). However, there was a gap in understanding why
this was the case, since BC is a Canadian province with universal free access to ART,
laboratory monitoring, and care, as well as a well-established TasP program (24). Thus, we
sought to determine factors associated with delayed time-to-initial retention among the HIV-
positive population in BC. Specifically, we were interested in exploring if individuals not
retained in HIV care (referred to as ‘retained’ hereafter) continued to seek out non-HIV
related healthcare and how non-HIV related healthcare utilization was associated with the
time-to-initial retention.

METHODS

Study Data

Data used in this analysis came from the BC STOP HIV/AIDS database which has been
described in detail elsewhere (25, 26). Briefly, the database is the result of a series of linked
provincial datasets. These include: i) The BC Centre for Disease Control, which is the
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provincial agency that centralises all HIV testing data and new HIV diagnoses from the BC
Public Health Microbiology and Reference Laboratory (which performs all confirmatory
testing in BC). HIV reporting (non-nominal and nominal) became mandatory in BC in 2003;
ii) The BC Centre for Excellence in HIV/AIDS, which has a centralized system which
captures all antiretroviral distribution, all plasma viral load testing (pVL), all resistance
testing, and approximately 85% of CD4 cell count measurements in BC; iii) The Medical
Services Plan (MSP) physician billing database, which captures non-HIV related and HIV-
related physician services; iv) The provincial Discharge Abstract Database (DAD), which
records all hospitalizations in BC and; v) The BC Pharma Net database, which captures non-
ART related drug dispensations.

This analysis was restricted to HIVV-positive individuals who were linked to HIV care
(referred to as ‘linked’ hereafter) between January 15, 2000 and December 31%t, 2010 and
had at least one calendar year of follow-up. Individuals were followed until they were
retained. Individuals who were never retained were followed until death, their last contact
date, or December 315t 2011.

Outcome Variable

We undertook the present analysis to assess the time-to-initial retention among linked
individuals. We defined linked and retained using previously defined and validated
definitions (23): ‘Linked’: the first instance of an HIV-related service (i.e., having a pVL,
CD4 cell count, HIV-related physician visit, or ART dispensed): i) after HIV diagnosis for
individuals with a confirmed HIV test or ii) =30 days after the derived HIV diagnosis date
for individuals without a confirmed HIV test.; ‘Retained’: among linked individuals, having
either: i) =2 HIV-related physician visits or diagnostic tests (CD4 or pVL) or ART drug
dispensations, =3 months apart within a calendar year. Since retention is defined by two
retention events/dates, the retained date for this analysis was defined as the first retention
event date.

Explanatory Variables

Of primary interest was exploring the use of non-HIV related healthcare services stratified
by retention status. To achieve this, we used five non-HIV related healthcare utilization
variables, measured from the time of linkage to the end of study follow-up: i) non-HIV
related MSP services provided by a general practitioner (GP), ii) non-HIV related MSP
services provided by a specialist, iii) non-HIV related laboratory work, iv) non-HIV related
DAD hospital admissions, and v) non-HIV related Pharma Net prescription dispensations.
Given the high correlation between non-HIV related healthcare services (for example, in
BC, to see a specialist one requires a referral from a GP), we assigned a value of 1 if an
individual accessed a specific non-HIV related healthcare service and 0 otherwise. Thus, if
an individual saw a GP for non-HIV related reasons, regardless of any other type of non-
HIV related healthcare service used, that individual would be classified as *1” for seeing a
non-HIV related GP. After creating our binary non-HIV related healthcare service utilization
variables we tested them for correlation and found the variable non-HIV related laboratory
work was highly correlated with non-HIV related MSP services provided by a specialist
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(Spearman’s correlation coefficient=0.98). Thus, we only included the variable ‘non-HIV
related MSP services provided by a specialist’ in our final Weibull model and in the creation
of the variable ‘number of types of non-HIV related healthcare services’, which is the
number of different types of non-HIV related healthcare services used by an individual,
categorized as zero, one, two, three, and four.

We also considered the following baseline covariates (i.e., characteristics measured during
the linkage year): sex; history of testing Hepatitis C antibody (Hepatitis C) positive; AIDS
diagnosis; HIV risk group: categorized as people who use injection drugs (PWID), men who
have sex with men (MSM), heterosexual, and other (blood transfusion, accidental puncture,
or perinatal exposure)/unknown (i.e., no reported HIV risk group)); age; CD4; pVL; patient
residence in an urban area, defined by the first three digits of a patient’s postal code; and the
regional health authority (HA) where the individual received HIV care (there are five
regional HAs in BC: Northern, Vancouver Coastal, Vancouver Island, Fraser, and Interior).
In BC, HAs are administratively responsible for health care delivery within their respective
regions. Since our retention definition includes the use of ART and ART initiation
guidelines have changed over time to recommend initiating ART at higher CD4 cell counts
(27-30), we controlled for the covariate ‘year of diagnosis’ to account for this cohort effect.
We categorized cohorts as <2000, 2000-2007, 2008-2009 and =2010.

Statistical Analyses

RESULTS

Time-to-initial retention was estimated using Kaplan-Meier methods and through Weibull
accelerated failure-time model (31). For clarity, Kaplan-Meier curves are displayed up to the
first 20 months since most individuals were retained within this time period, though longer-
term follow-up was obtained for some individuals and was included in the Weibull Model.
Event-free individuals were right-censored as of December 31%t, 2011. Individuals included
in this analysis were not followed after this date and those lost to follow-up were censored at
the date of last contact.

Statistical tests for the dependence between categorical variables were performed using
Fisher’s exact test or the Chi-square test, while continuous variables were tested using the
Wilcoxon rank-sum test. The Weibull model was built in order to estimate the effects of a
number of variables and their influence on initial time-to-retention among linked
individuals. Backward stepwise selection based on Akaike Information Criteria (AIC) and
type Il p-values were used in the final model variable selection (32). In addition, to
minimize the potential of collinearity, the correlation between pairs of independent variables
was calculated using the Spearman correlation test and highly correlated variables were
excluded from further analysis. All analyses were performed using SAS software version 9.3
(SAS, Cary, NC).

In total, 5231 individuals were linked between 2000 and 2010 and had at least one calendar
year of follow-up. Of these, 78% were male, 19% were <30 years old, 34% were 30-39
years old, 31% were 40-49 years old, and 17% were >50 years old. Also, 36% were PWID,
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28% were MSM, 14% were heterosexual, and 22% were in the other/unknown risk group
(Table 1).

Overall, 90% (N=4691) of the study population was retained during study follow-up and had
a median time-to-initial retention of 9 (2575 percentile (Q1-Q3): 5-13) months (Table
1). Thirty percent and 70% of the study population were retained 6 and 12 months after
being linked, respectively. Of retained individuals, 46% were on ART in the year they were
considered retained. The remaining 10% (540) of the study population was never retained
and had a median study follow-up time of 48 (Q1-Q3: 27-85) months. Bivariable analysis
results showed that males, having an AIDS diagnosis, having a known risk factor, being
HIV-diagnosed between 2000 and 2007, being on ART, residing in the Vancouver Coastal
HA and Vancouver Island HA, and living in an urban area were associated with being
retained. All of these variables were included in our final Weibull model except for “patient
residence in an urban area”, since only five individuals were both not retained and did not
reside in an urban area. We also did not include the variables “history of HCV” since this
was highly collinear with PWID, and “year of diagnosis” since this was highly negatively
correlated with “follow-up time”. Finally, we did not include “on ART” since this was a part
of our retention definition.

Non-HIV related Healthcare Use and Retention in Care Status

Use of non-HIV related services in the study population was high with approximately 84%
(455) of not retained and 96% (4526) of retained individuals using some type of non-HIV
related healthcare service during study follow-up. All five of the ‘non-HIV related
healthcare utilization’ variables and the ‘number of different types of non-HIV related
healthcare services used’ variable were associated with being retained (Table 1). Figure 1
shows the distribution of those retained (patterned bar) and the distribution of those not
retained (solid bar), by the types of non-HIV related service utilization variables (see Table
2). The top three non-HIV related service combinations used by retained individuals were: 1.
Seeing a non-HIV related GP and a non-HIV related specialist and having a non-HIV related
prescription filled, 2. Seeing a non-HIV related specialist and having a non-HIV related
prescription filled, and 3. Seeing both a non-HIV related GP and a non-HIV related
specialist. The top three non-HIV related service combinations used by not retained
individuals were: 1. Seeing a non-HIV related GP and a non-HIV related specialist and
having a non-HIV related prescription filled, 2. Using zero non-HIV related services, and 3.
Using all four types of non-HIV related services.

Non-HIV Related Healthcare Use and Time to Retention in Care

Figure 2 shows Kaplan-Meier time-to-initial retention plots by the number of different types
of non-HIV related healthcare services used. We observed that individuals who used zero
non-HIV related services had a statistically significantly longer time-to-initial retention than
those who used one or more different types of non-HIV related healthcare services (log-rank
p-value<0.001). Figure 3 shows Kaplan-Meier survival plots by non-HIV related GP and
specialist use. There was no significant difference in the time-to-initial retention between
those who saw a non-HIV related GP and those who did not (log-rank p-value=0.7634).
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However, those who saw a non-HIV related specialist had a significantly shorter time-to-
initial retention than those who did not (log-rank p-value<0.001).

Results from our two final Weibull models are displayed in Table 2. Model 1 included the
variable ‘number of different types of non-HIV related services used’, and we found that
after controlling for all other covariates, compared with using zero types of non-HIV related
services, the adjusted Hazard Ratio (aHR) for using one, two, three, and four types of non-
HIV related services was 1.99 (95% Confidence Interval (Cl): 1.65-2.40), 2.57 (95% ClI:
2.16-3.04), 2.72 (95% CI: 2.3-3.22), and 1.70 (95% ClI: 1.39-2.08), respectively.

Model 2 included all of the different types of non-HIV related healthcare services variables
explored, but did not include the ‘number of different types of non-HIV related services
used’. We found that after controlling for all other covariates, those who saw a specialist for
non-HIV related healthcare (versus those who did not) (aHR=2.79; 95% CI: 2.47-3.16) and
those who had a non-HIV related prescription filled (versus those who did not) (aHR=1.28;
95% CI: 1.18-1.38) had a shorter time-to-initial retention. However, those who saw a GP for
non-HIV related healthcare (versus those who did not) (aHR=0.79; 95% ClI: 0.74-0.84) and
those who were admitted to the hospital for non-HIV related healthcare (versus those who
were not) (aHR=0.6; 95% CI: 0.54-0.67) had a longer time-to-initial retention. Also,
females (compared with males) (aHR=0.84; 95% CI: 0.78-0.91), PWID (aHR=0.73; 95%
Cl: 0.68-0.79), and individuals with other/unknown HIV risk factor (aHR=0.42; 95% ClI:
0.39-0.46) (compared with MSM), had a longer time-to-initial retention. In contrast,
individuals with an AIDS diagnosis (compared with those without an AIDS diagnosis) and
those 40-49 (aHR=1.16; 95% CI: 1.08-1.24) and =50 years of age (aHR=1.13; 95% ClI:
1.03-1.23) (compared with 30-39 year olds) had a shorter time-to-initial retention. Little
variation was observed by HA with only those living in the Vancouver Island HA having a
shorter time-to-initial retention than those in the most densely populated HA, Vancouver
Coastal (aHR=1.12; 95% ClI: 1.02-1.24).

DISCUSSION

We found that that among BC residents linked between 2000 and 2010, 90% were retained
by the end of study follow-up and 70% within one year of being linked. The median time-to-
initial retention among those retained by the end of study follow-up, was 9 (5-13) months.
Additionally, we found high proportions of both retained (96%) and not retained (84%)
individuals used some type of non-HIV related healthcare service during study follow-up.
The time-to-initial retention decreased (i.e. improved) in a dose-response fashion, with the
use of non-HIV related healthcare services for up to three different types of such services
but was longer for those who used four non-HIV related services. When considering the
types of non-HIV related services used, we observed that individuals who saw a specialist
for non-HIV related healthcare were nearly three times more likely to be retained than those
who did not. In contrast, individuals who saw a GP for non-HIV related healthcare or had a
non-HIV related hospital admission during study follow-up, were less likely to be retained
than those who did not see a GP or were not admitted to the hospital for non-HIV related
healthcare, respectively. Also, we found that males, having an AIDS diagnosis, having a
known risk factor, being HIV-diagnosed between 2000 and 2007, being on ART, residing in
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the Vancouver Coastal HA and Vancouver Island HA, and living in an urban area were all
associated with being retained by the end of study follow-up. These results were observed in
the context of a universally free healthcare system.

Comparing our observed proportion achieving retention to previously published work is
challenging due to varying published study retention definitions (which likely reflects the
lack of a gold standard to measure retention). Published reports have defined retention using
missed pVL or CD4 testing or medical appointments over a six month or one year time
period (1, 2, 6, 12, 33-35). In contrast, our definition of retained was relatively flexible as it
included having an HIV-related physician visit (as demonstrated by a billed service to the
MSP), having laboratory work performed, or having ART dispensed (almost half of our
retained population was on ART). Furthermore, we measured time-to-initial retention over a
longer time period than previous studies.

Individuals who used four non-HIV related services were found to have a longer time-to-
initial retention than those who used three or fewer non-HIV related services. We
hypothesize that the frequent use of non-HIV related services is an indicator of underlying
complexities, and co-morbidities (e.g., homelessness, mental health, substance use) which
can make achieving engagement in HIV care very challenging. However, we lack social
determinants of health data to assess this hypothesis. Although, a sub-analysis found that
females and PWID were more likely to use four non-HIV related services (data not shown).

Our observation that individuals who saw a GP or were admitted to the hospital for non-HIV
related healthcare had a longer time-to-initial retention than those who did not was of
concern, since 71% of not retained individuals saw a non-HIV related GP during the follow-
up period. These results suggest that there were frequent missed opportunities to engage
individuals in appropriate HIV care. (Of note, non-HIV related hospital admissions were
relatively uncommon, with only 16% of not retained individuals being admitted to the
hospital for non-HIV related healthcare.) The reason for this observed association between
individuals who saw GPs for non-HIV related healthcare and having a lower likelihood of
being retained cannot be elucidated from these analyses. We speculate that this observation
may be due to the nature of GP visits and their patterns of use in our midst. In general, GP
visits tend to be problem-driven, very focused, and not require a follow-up visit. Also, some
patients may see GPs through walk-in clinics and would not necessarily see the same GP at
every visit.

However, our results do suggest that non-HIV related GP-targeted interventions should be
considered as a means to improve initial retention. To date, few retention improvement
strategies have targeted physician-level interventions (36), though Gardner et al. found a
low-cost intervention of displaying posters and brochures in six HIV clinics, alongside
practitioner-communicated reminders to patients on the importance of attending all clinic
visits significantly improved clinic retention rates (37). Based on our results, a similar
intervention in a non-HIV specific GP setting may warrant being tested as a method for
improving time-to-initial retention in our setting. Alternatively, electronic medical records
(EMRs) may be a method for improving retention. In 2009, the state of Louisiana (USA)
implemented an EMR-based notification system after a 2007 study found that approximately
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1100 individuals who did not receive CD4 or pVL monitoring for >12 months, used at least
one non-HIV related service during this period(38). The notification system alerted medical
providers providing non-HIV related healthcare when they saw HIV-positive individuals
who were without HIV healthcare for >12 months and delivered 488 alerts and identified
345 HIV-positive individuals within a two-year evaluation period. These alerts resulted in
82% of individuals having =1 CD4 or pVL test over the evaluation period.

In addition, consistent with previously published work, we found that women, PWID, those
with other/unknown HIV transmission risk, and individuals under 40 years of age were less
likely to be retained after being linked (39-44). Increasing efforts and evidence-based
interventions are urgently needed to retain these sub-groups in HIV care in order to
maximize individual health outcomes as well as reduce the risk of forward HIV
transmission.

There were several limitations to our study. First, we did not have access to medical charts.
Thus, we cannot comment on whether or not a non-HIV related GP or specialist was aware
of or inquired about a patient’s HIV status. Second, physicians may not bill a visit as an HIV
visit despite a visit involving HIV care, although this is unlikely in our setting where
physicians receive higher remuneration for providing HIV care than most other illnesses.
Third, risk category data was unknown for a high proportion of our population. Improved
risk data collection would allow for improved understanding of retention by population sub-
groups. Finally, as this is an observational cohort study, we tried to adjust for several
important demographic and clinical characteristics, however, residual confounding may
persist.

In summary, we found the median time-to-initial retention was nine months among those
retained and that 70% of individuals were retained within 12 months of being linked in a
setting with universal access to HIV care and treatment. Also, the majority, 84%, of not
retained individuals used some type of non-HIV related healthcare service during the study
period. Furthermore, we observed that individuals who saw non-HIV related specialists
during the study follow-up period were nearly three times more likely to be retained than
those who did not; however, those who saw a GP for non-HIV related healthcare were less
likely to be retained than those who did not. This missed opportunity for engagement in HIV
care suggests a potential for non-HIV related GP-targeted interventions to improve time-to-
initial retention in HIV care.
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Figure 1.
Non-HIV related healthcare utilization by retention status among 5231 individuals linked to

HIV care between 2000 and 2010 in BC, Canada.

The distribution of the 90% of study individuals retained in HIV care (shown as a patterned
bar) and the distribution of the 10% of study individuals not retained in HIV care (shown as
a solid bar) by the type of non-HIV related healthcare service used. GP= billed Medical
Services Plan non-HIV related general practitioner visit; Hosp. adm. = non-HIV related
hospital admission; Rx=non-HIV related hospital prescription; Specialist= billed Medical
Services Plan non-HIV related specialist visit.
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Kaplan Meier time-to-initial retention in HIV care estimates by the number of types of non-
HIV related services used, a) shows the x-axis as the full study follow-up and b) shows the
x-axis as the first 20 months of study follow-up.
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Figure 3.

Kaplan Meier time-to-initial retention in HIV care estimates by a) non-HIV related general
practitioner use (during the full study follow-up); b) non-HIV related general practitioner
use (in the first 20 months of study follow-up); ¢) non-HIV related specialist use (during the
full study follow-up) d) non-HIV related specialist use (in the first 20 months of study
follow-up).
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