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ABSTRACT

Background: Among people living with HIV infection in the era of combination antiretroviral therapy (cART),
admission to hospital may indicate inadequate community-based care. As such, population-based assessments of
the utilization of inpatient services represent a necessary component of evaluating the quality of HIV-related care.

Methods: We used a validated algorithm to search Ontario’s administrative health care databases for all persons
living with HIV infection aged 18 years or older between 1992/93 and 2008/09. We then conducted a population-
based study using time-series and longitudinal analyses to first quantify the immediate effect of cART on hos-
pital admission rates and then analyze recent trends (for 2002/03 to 2008/09) in rates of total and HIV-related
admissions.

Results: The introduction of cART in 1996/97 was associated with more pronounced reductions in the rate of hos-
pital admissions among men than among women (for total admissions, —89.9 v. —60.5 per 1000 persons living with
HIV infection, p = 0.003; for HIV-related admissions, —56.9 v. —36.3 per 1000 persons living with HIV infection,
P < 0.001). Between 2002/03 and 2008/09, higher rates of total hospital admissions were associated with female
sex (adjusted relative rate [RR] 1.15, 95% confidence interval [CI] 1.05-1.27) and low socio-economic status (ad-
justed RR 1.21, 95% CI 1.14—1.29). Higher rates of HIV-related hospital admission were associated with low socio-
economic status (adjusted RR 1.30, 95% CI 1.17—-1.45). Recent immigrants had lower rates of both total admissions
(adjusted RR 0.70, 95% CI 0.61—0.80) and HIV-related admissions (adjusted RR 0.77, 95% CI 0.61—0.96).

Interpretation: We observed important socio-economic- and sex-related disparities in rates of hospital admission
among people with HIV living in Ontario, Canada.
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> PATTERNS OF HEALTH SERVICES UTILIZATION AMONG
patients infected with HIV have been demonstrably
altered by the introduction and widespread adoption of
combination antiretroviral therapy (cART) during the
latter half of the 1990s.”® Most notably, large declines
in rates of hospital admission for HIV-associated op-
portunistic infections were observed in the years im-
mediately following adoption of cART as the standard
of care for HIV infection. However, more recent studies
examining the utilization of inpatient services by people
living with HIV have described stabilizing or increasing
rates of hospital admission, particularly among patients
for whom the effects of HIV infection intersect with so-
cially and structurally mediated barriers to care, such
as women and people from ethnic minority groups.” ™
These data are especially salient for the evaluation of
trends in hospital admission among people living with
HIV who reside in Ontario, where important changes
in the demographic composition of this population have
been observed over the past decade. Specifically, the pro-
portion of diagnosed cases of HIV infection represented
by women has increased substantially, from less than 3%
in the early years of the epidemic to 25% in 2008."* Simi-
larly, the prevalence of HIV among persons immigrat-
ing to Ontario from HIV-endemic countries increased
62% from 2003 to 2008." In this context of pronounced
change in both the treatment and demography of HIV
infection, accurate population-based estimates of health
services utilization are required by clinicians, research-
ers and policy-makers involved in the provision, evalua-
tion and funding of HIV-related care. However, these
data are currently lacking for Ontario, home to over 40%
of Canada’s population of people living with HIV and
destination for about half of all immigrants to Canada
on an annual basis."

Admission to hospital for HIV-related illness in
the era of cART may be an indicator of inadequate
community-based care. As such, ongoing assessment
of trends in inpatient service utilization is a necessary
component of the evaluation of quality of care for people
living with HIV. We therefore conducted a population-
based study of temporal trends in hospital admission
rates among people with HIV in the province of On-
tario. We hypothesized that, because of socially and
structurally rooted challenges in accessing care among
marginalized people living with HIV, rates of hospi-
tal admission in the modern era of cART (2002/03 to
2008/09) would be disproportionately higher among
women, recent immigrants and people with HIV living
in low-income neighbourhoods.
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Methods

Study design. We used a validated case-finding algo-
rithm derived from administrative data to identify all
people with HIV infection aged 18 years and older who
were receiving care in Ontario between 1992 Apr. 1 and
2009 Mar. 31. The development and test characteris-
tics of the algorithm have been described in detail else-
where.'* Briefly, the algorithm, based on identification,
within a 3-year period, of at least 3 physician claims
with an International Classification of Diseases, Ninth
Revision (ICD-9) code for HIV infection (i.e., 042, 043
or 044), had a sensitivity of 96.2% (95% confidence
interval [CI] 95.2%—97.9%) and specificity of 99.6%
(95% CI 99.1%—99.8%). When assembling our cohort,
we chose 2009 Mar. 31 (the end of the 2008/09 fiscal
year) for our analyses to meet the 3-year “look forward”
criterion of the algorithm. We then conducted a retro-
spective, population-based study to examine temporal
trends in rates of hospital admission within the cohort.
Specifically, we used interrupted time-series analysis
to isolate and quantify the effect of the introduction of
cART on hospital admission rates among people living
with HIV in Ontario and methods of longitudinal data
analysis to examine trends and predictors of hospital
admission during the modern era of cART, defined as
the period spanning 2002 Apr. 1 to 2009 Mar. 31. We
selected this period for the longitudinal analyses be-
cause it corresponds to important changes in the demo-
graphic composition of the population of people living
with HIV in Ontario and to the availability of antiretro-
virals with enhanced potency and ease of administra-

tion relative to earlier formulations of these drugs.'®

Data sources and outcomes. We used the Canadian
Institute for Health Information Discharge Abstract
Database (CIHI-DAD) to determine the annual number
of hospital admissions for each individual in our popu-
lation-based cohort of people with HIV. The CIHI-DAD
contains information from all acute care hospital sep-
arations (i.e., discharge, sign-out, transfer to a different
facility) in Ontario, abstracted by trained health infor-
mation professionals using standard diagnosis and
procedure codes, including dates of admission to and
discharge from the hospital, the diagnosis representing
the condition accountable for the greatest portion of
the length of stay or greatest use of resources during
the hospital stay (i.e., most responsible diagnosis), and
secondary diagnoses or complications contributing
to the admission. We calculated annual crude rates of
total and HIV-related hospital admissions per 1000
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population of people with HIV aged 18 and over. HIV-
related hospital admissions were defined as those ad-
missions in which the most responsible diagnosis was
coded as being attributable to HIV infection or an asso-
ciated opportunistic infection according to the relevant
ICD-9 and ICD-10 (10th revision) codes. We excluded
obstetric admissions and admissions for elective sur-
gery from our calculation of hospital admission rates.

We used Ontario’s Registered Persons Database, a
registry of all residents eligible for coverage under the
Ontario Health Insurance Plan (OHIP), to identify indi-
vidual demographic information such as age, sex, date
of OHIP eligibility and postal code. We determined
patients’ socio-economic status at the neighbourhood
level for each year of follow-up using postal code infor-
mation and Statistics Canada census data. We defined a
recent immigrant as any adult for whom an OHIP card
was first issued within 3 years of becoming a member
of our cohort. The date of issuance of an OHIP card has
been used in other studies as a proxy for the date of ar-
rival in Ontario.*®

Statistical analyses. To examine the effect of cART on
hospital admission rates during the period spanning
1992/93 to 2008/09, we conducted an interrupted
time-series analysis using autoregressive integrated
moving-average models with an indicator variable for
the fiscal year 1996/97, corresponding to the first full
year that cART was widely available in Ontario.””*® We
performed subgroup analyses to determine if the effect
of cART on total and HIV-related hospital admission
rates varied according to sex and socio-economic status
and used the Ljung-Box y” statistic to examine autocor-
relation of the model residuals.”

For the longitudinal analyses, we evaluated tem-
poral trends in the rates of hospital admission during
the years 2002/03 to 2008/09 using multivariable
generalized estimating equation (GEE) models with a
log link function and autoregressive correlation struc-
ture.*® Because the GEE method is not a likelihood-
based method, we used the quasi-likelihood under
the independence model criterion both to ascertain
the appropriateness of the autoregressive correlation
structure relative to other working correlation matrices
and to assess the fit of our regression models.** We also
evaluated the data for overdispersion by comparing the
Poisson and negative binomial distributions.

We conducted separate analyses for total hospital
admission rates and rates of HIV-related hospital ad-
mission. All multivariable analyses included fiscal year
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as the main predictor, along with variables for sex,
income quintile group (2 lowest quintiles v. 2 high-
est quintiles) and immigration status, because of our
a priori hypotheses that differences in access to care
may have contributed to differences in rates of admis-
sion according to these factors. We estimated adjusted
relative rates (RRs) from the model using fiscal year
as both a continuous variable and a categorical vari-
able. In the former case, trends are reported as per-
centages per year, whereas in the latter case, adjusted
RRs were used to compare annual changes in the rate
of hospital admission relative to the reference fiscal
year of 2002/03. We considered additional variables as
confounders if there was a plausible association with
our outcomes of interest and if the variables changed
the estimate for fiscal year by at least 10%.* Variables
meeting these criteria were patient age, annual num-
ber of physician visits, geographic residence (urban v.
rural), years in the cohort and level of comorbidity.
We used the Johns Hopkins Adjusted Clinical Groups
case-mix assignment software (Sun Microsystems Inc.,
Santa Clara, Calif.) to determine the level of comorbid-
ity for each patient, on the basis of diagnostic codes
listed in hospital admission records and physicians’
services claims from each year during the study period.
This methodology is described in detail elsewhere.?
We assessed the potential for collinearity between co-
variates using a threshold tolerance of > 0.4 and a vari-
ance inflation of < 2.5. We also examined interactions
of sex, socio-economic status and immigration status
with year in separate models. We included interaction
terms in the final model if they were statistically signifi-
cant and if their inclusion improved the goodness of fit
of the model by at least 10%.

All statistical analyses were conducted using SAS
statistical software, version 9.2 (SAS Institute Inc.,
Cary, N.C.).

Ethics approval. We obtained ethics approval for this
study from the Research Ethics Board of Sunnybrook
Health Sciences Centre and the HIV Research Ethics
Board of the University of Toronto.

Results

Effect of cART on hospital admissions. Over the 17-year
study period, crude annual rates of total hospital ad-
missions decreased from 392.4 to 123.9 per 1000 per-
sons with HIV, and crude annual rates of HIV-related
hospital admissions declined from 247.6 to 32.2 per
1000 persons with HIV. As expected, rates of both total
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hospital admissions (—86.1 per 1000 persons with HIV,
95% CI —77.1 to —95.1; p < 0.001) and HIV-related hos-
pital admissions (—54.1 per 1000 persons with HIV,
95% CI —48.4 to —59.8; p < 0.001) declined immedi-
ately following the introduction of cART in 1996/97.
In subgroup analyses, significant reductions in hospi-
tal admission rates were associated with the introduc-
tion of cART for both men and women, as well as those
living in both high- and low-income neighbourhoods.
However, the effect of cART was more pronounced
among men than among women for both total hospital
admissions (—89.9 v. —60.5 per 1000 persons with HIV,
p = 0.003) and HIV-related hospital admissions (-56.9
v.—36.3 per 1000 persons with HIV, p < 0.001) (Figure 1).
In contrast, no differences were observed between pa-
tients with low and high socio-economic status in terms
of the immediate effects of cART on total admissions
(—91.3 v. —83.5 per 1000 persons with HIV, p = 0.36) or

— e
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HIV-related admissions (—57.4 v. —53.7 per 1000 per-
sons with HIV, p = 0.25) (Figure 2).

Multivariable analysis of trends in hospital admissions.
For each year in the modern era of cART, most patients
were male, lived in Ontario’s large urban centres and
were between the ages of 36 and 50 years (Table 1). The
proportion of people living with HIV who were women
increased from 16.4% in 2002/03 to 19.5% in 2008/09.
Similarly, the number of individuals aged 51 years and
older increased longitudinally, accounting for 15.8% of
people with HIV in 2002/03 and 25.2% in 2008/09.
Adjusted rates of total hospital admissions among
Ontario residents with HIV decreased by 2.3% (95% CI
0.8%—3.8%) per annum between the years 2002/03 and
2008/09. Over the 7-year study period, adjusted rates
of total hospital admissions were higher among women
relative to men (adjusted RR 1.15, 95% CI 1.05-1.27)
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Figure 1

Rates of hospital admission among
people living with HIV in Ontario,
1992/93 to 2008/09, stratified by sex.
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Figure 2

Rates of hospital admission
among people living with HIV
in Ontario, 1992/93 to 2008/09,
stratified by socio-economic
status (SES).

Rate per 1000 persons with HIV
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and among people living in low- versus high-income
neighbourhoods (adjusted RR 1.21, 95% CI 1.14—1.29).
In contrast, recent immigration was associated with
lower rates of total hospital admissions (adjusted RR
0.70, 95% CI 0.61—0.80) (Table 2).

Adjusted rates of HIV-related hospital admissions
remained relatively stable among Ontario residents
with HIV between 2002/03 and 2008/09, increasing
by 0.9% (95% CI —1.6% to 3.4%) per annum. In contrast
to total hospital admissions, no association with sex
was evident for this outcome. However, significant as-
sociations were observed with both low socio-economic
status and recent immigration (Table 2).

Interpretation

In this population-based study, we observed a striking
reduction in the rates of total and HIV-related hospi-
tal admissions associated with availability of cART be-
tween the years 1992/93 and 2008/09. Although these
benefits were observed for all subgroups examined, the
effect of cART was attenuated among women relative to

Table 1
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men. In the modern era of cART, sustained reductions
in the rates of total hospital admissions among people
with HIV were observed, whereas the rates of HIV-
related hospital admissions remained relatively un-
changed during the 7-year follow-up period. However,
because the numbers of HIV-related hospital admis-
sions were relatively low, we cannot discount the possi-
bility of a type II error when analyzing temporal trends
in this outcome. We also identified several disparities
in the risk of hospital admission among Ontario resi-
dents with HIV following multivariable adjustment for
socio-demographic variables, level of comorbidity and
annual number of outpatient physician visits. Specif-
ically, female sex and low socio-economic status were
significantly associated with higher rates of total hos-
pital admissions, with the latter variable also being as-
sociated with a heightened risk of HIV-related hospital
admission. In contrast to our initial hypothesis, recent
immigrants were less likely to be admitted to hospi-
tal in the modern era of cART relative to the reference
population of people with HIV in Ontario.

Characteristics of participants by year of follow-up, 2002/03 to 2008/09

Year of follow-up; no (%) of participants

2002/03 2003/04 2004/05 2005/06 2006/07 2007/08 2008/09
Variable n=10850 n=11439 n=12072 n=12702 n=13319 n=13893 n=14516
Age, yr
18-35 2973 (27.4) 2854 (24.9) 2788(23.1) 2763 (21.8) 2771(20.8) 2713(19.5) 2714(18.7)
36-50 6161 (56.8) 6618(57.9) 7 068 (58.5) 7424 (58.4) 7 697 (57.8) 7953 (57.2) 8150 (56.1)
51-66 1513 (13.9) 1732(15.1) 1954 (16.2) 2220(17.5) 2512(18.9) 2829 (20.4) 3178(21.9)
> 66 203(1.9) 235(2.1) 262(2.2) 295 (2.3) 339(2.5) 398 (2.9) 474 (3.3)
Sex
Female 1781(16.4) 1961(17.1) 2160(17.9) 2340(18.4) 2506 (18.8) 2674(19.2) 2824 (19.5)
Male 9 069 (83.6) 9478 (82.9) 9912 (82.1) 10362 (81.6) 10813 (81.2) 11219 (80.8) 11692 (80.5)
Socio-economic status
Low 5877 (54.2) 6196 (54.2) 6353 (52.6) 6706 (52.8) 7 075 (53.1) 7340 (52.8) 7661 (52.8)
High 4973 (45.8) 5243 (45.8) 5719 (47.4) 5996 (47.2) 6 244 (46.9) 6553 (47.2) 6855 (47.2)
fme':negran . 556 (5.1) 627 (5.5) 705 (5.8) 793 (6.2) 860 (6.5) 878(6.3) 874 (6.0)
Urban 10401 (95.9) 10970 (95.9) 11 594 (96.0) 12 194 (96.0) 12 808 (96.2) 13 337 (96.0) 13 934 (96.0)
residence
No. of outpatient visits
0-2 3940 (36.3) 4208 (36.8) 4471 (37.0) 4500 (35.4) 4856 (36.5) 5255(37.8) 53801 (40.0)
3-6 2854 (26.3) 3065 (26.8) 3301 (27.3) 3414 (26.9) 3642 (27.3) 3994 (28.7) 4189 (28.8)
7-10 1676 (15.4) 1783 (15.6) 1908 (15.8) 2146 (16.9) 2166 (16.3) 2224 (16.0) 2210(15.2)
211 2380(21.9) 2383 (20.8) 2392(19.8) 2642 (20.8) 2655 (19.9) 2420(17.4) 2316 (16.0)
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Table 2

Multivariable regression for rates of hospital admission

Variable

Year

2002/03 (reference)

Adjusted relative rate* (95% CI)

Total admissions

1.00

HIV-related admissions

1.00

2003/04 0.89 (0.81-0.97) 0.83 (0.70-0.98)
2004/05 0.93 (0.85-1.01) 0.88 (0.74-1.05)
2005/06 0.92 (0.84-1.01) 1.09 (0.93-1.27)
2006/07 0.82 (0.74-0.90) 1.00 (0.84-1.18)
2007/08 0.84 (0.76-0.93) 0.93 (0.78-1.17)
2008/09 0.88 (0.79-0.97) 0.98 (0.83-1.17)
Sex

Male (reference)

Female

1.00

1.15 (1.05-1.27)

1.00

0.96 (0.82-1.12)

Socio-economic status

High (reference)

Lowt

1.00

1.21 (1.14-1.29)

1.00

1.30 (1.17-1.45)

Recent immigrant

0.70 (0.61-0.80)

0.77 (0.61-0.96)
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impeding access to regular HIV-related care,
including lack of transportation, depression,
and history of physical or sexual abuse.?' 33 In
addition, compared with men, women living
with HIV are more likely to delay initiating
cART and less likely to begin treatment.3#3°
Several reasons have been postulated to ac-
count for these sex-based discrepancies in
treatment uptake, including concern about
disclosure of HIV status to children, socio-
economic circumstances and family commit-
ments, which often include assuming the role
of primary caregiver to other family members
living with HIV.3>™¥ Furthermore, several
toxic effects of antiretroviral drugs are noted
to occur at greater frequency among women
relative to men, including severe hypersensi-
tivity reactions and lipodystrophy.3¥° As a
result, women may be more likely than men to
discontinue cART. Although individuals liv-
ing in low-income neighbourhoods undoubt-

Cl = confidence interval.

*Models were adjusted for age, years in cohort, number of outpatient visits per year,
geographic residence (urban v. rural) and level of comorbidity, according to the Johns

edly share some of the obstacles to care faced
by women, other structurally mediated in-
equities are important determinants of health

Hopkins Adjusted Clinical Groups case-mix assignment software. Because the number of

outpatient visits may be on the causal pathway to the outcome, analyses were repeated

without this variable, which led to similar estimates.

tPatients in the 2 lowest quintiles.

among these patients. Specifically, instability
with respect to housing status and food se-

Our findings of decreasing rates of hospital admis-
sion among people with HIV in the modern era of cART
are similar to those of previous studies analyzing these
trends in other regions." In addition, our work corrob-
orates previous investigations highlighting inequity in
hospital admission rates among certain groups, most
notably, women relative to men.>"* However, unlike the
settings of other analyses, our study was conducted
within a context of universal coverage for all medically
necessary physician, laboratory and inpatient services.
Consequently, differences in rates of hospital admission
according to sex, socio-economic status or immigration
status should not be confounded by health insurance
status, which thus implies a role for other biological, so-
cial or structural factors in these disparities, including
stigma, non-disclosure of HIV status, drug addiction
and coexisting mental health disease.?*™3°

Although the underlying basis of observed differ-
ences cannot be readily discerned from our adminis-
trative databases, several explanations are possible.
With respect to women living with HIV, a comprehen-
sive body of literature has described various barriers

curity have both been documented to under-
mine adherence with antiretroviral therapy
and to contribute to poor outcomes among people with
HIV.#~#* Furthermore, despite the availability of vari-
ous programs intended to mitigate the expense of cART
for Ontario residents with HIV who lack alternative
sources of drug coverage, individuals who do not qual-
ify for provincially funded social assistance must as-
sume a share of the cost of their treatment, in the form
of a copayment, which may be prohibitive when evalu-
ated against competing demands for food and housing.
Finally, reduced rates of hospital admission among re-
cent immigrants may be attributable to a “healthy im-
migrant” effect, whereby these patients adopt specific
behaviours and practices that translate into better clin-
ical outcomes relative to the reference population of
people with HIV in Ontario.* For example, in a single-
centre retrospective cohort study, recent immigrants
with HIV were more likely to remain in care within
3 years of their first clinic visit than either Canadian-
born people with HIV or patients who had immigrated
to Canada more than 10 years before their index clinic
visit.*® This finding may have accounted for the signifi-
cantly lower risk of death among recent immigrants
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with HIV relative to the 2 referent groups.*® Further
research is required to delineate the processes through
which recent immigrants with HIV may attain better
outcomes than other groups of people with HIV. Such
research will be helpful in enacting policies and pro-
grams that support the healthier practices of recent
immigrants living with HIV and that can be applied
toward improving the health of other Canadians with
HIV.

Several strengths and limitations of our work merit
emphasis. First, our study was population-based and
therefore representative of all HIV-infected patients re-
ceiving care in the province of Ontario over the 17-year
study period. In addition, because we used administra-
tive data, we were able to evaluate temporal trends and
disparities in hospital admission rates among people
with HIV while considering variation in place of resi-
dence, utilization of outpatient health care and extent
of comorbidity, important covariates that have not
traditionally been considered in the study of this phe-
nomenon. Nonetheless, the administrative databases
that we used were limited by their lack of clinical in-
formation, which prevented us from examining the role
of variables such as stage of illness and adherence to
cART in accounting for the observed disparities. How-
ever, this limitation is common among studies using
administrative data for the conduct of health services
research.¥” Furthermore, because the administrative
databases lacked individual-level measures of income,
we used neighbourhood income as a proxy for patients’
socio-economic status. However, this approach has
been previously validated as a measure of household
income and social deprivation.*® In addition, residen-
tial neighbourhood may exert effects on health and
outcomes independent of those ascribed to individual
income.*® Finally, the potential for misclassification is
always a consideration when using administrative data
for health services research. To address this concern,
we used a validated algorithm with excellent test char-
acteristics for discriminating between HIV-infected
and non-infected individuals to assemble our cohort of
people with HIV.** Although use of the date of OHIP en-
rolment as a surrogate for recency of immigration has
not been validated and may be biased by interprovin-
cial migration of Canadian citizens, any misclassifica-
tion of immigration status would likely have attenuated
our findings. To our knowledge, this is the first popu-
lation-based study using a validated case-finding algo-
rithm to examine trends in hospital admission among
people with HIV.

Antoniou et al.

In summary, we observed significant disparities in
the rates of hospital admission for certain groups of
people with HIV living in Ontario. Our findings have
important implications for researchers, clinicians and
policy-makers involved in the provision of HIV-related
care. Because receipt of cART is associated with a re-
duced risk of hospital admission for HIV-attributable
illness, the occurrence of such admissions may repre-
sent inadequate access to outpatient medical care or
challenges in initiating or maintaining long-term anti-
retroviral therapy." ® In addition, persistent differences
in rates of total hospital admission for specific groups
of people with HIV imply that gaps may exist in the
current complement of community-based health and
social services, which may render the most marginal-
ized HIV-infected patients vulnerable to poor health
outcomes. Continued collaborations among the com-
munity of people living with HIV, researchers, clin-
icians and policy-makers will be essential to generate
the qualitative and quantitative data required to elicit
and address the social and structural factors modifying
access to care among people living with HIV. Address-
ing these factors may ultimately lead to greater par-
ity in the quality of care received by all HIV-infected
individuals.
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