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Background: Aging and increasing comorbidity is changing the
end-of-life experience of people living with HIV (PLHIV) in the
developed world. We quantified, at a population level, the receipt of
health care services and associated costs across a comprehensive set
of sectors among decedents with and without HIV.

Methods: We conducted a retrospective population-level observa-
tional study of all decedents in Ontario and their receipt of health
care services, captured through linked health administrative data-
bases, between April 1, 2010 and March 31, 2013. We identified
PLHIV using a validated algorithm. We described the characteristics

of PLHIV and their receipt of health care services and associated
costs by health care sector in the last year of life.

Results: We observed 264,754 eligible deaths, 570 of whom had
HIV. PLHIV were significantly younger than those without HIV
(mean age of death 56.1 years vs. 76.6 years, [P , 0.01]). PLHIV
spent a mean of 20.0 days in an acute care hospital in the last 90 days
of life compared with 12.1 days for decedents without HIV (P ,
0.01); after adjustment, HIV was associated with 4.5 more acute care
days (P , 0.01). Mean cost of care in the last year was significantly
higher among PLHIV ($80,885.62 vs. $53,869.77), mostly attribut-
able to acute care costs.

Interpretation: PLHIV in Ontario are dying younger, spending
more time and dying more often in hospital, and incur significantly
increased costs before death. Greater involvement of community-
based palliative care may improve the dying experience for this
complex population.
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cost analysis, health services

(J Acquir Immune Defic Syndr 2017;75:e1–e7)

INTRODUCTION
As people with HIV age, they are becoming an

increasingly medically complex population. The share of
people newly diagnosed with HIV who are older than 50 is
increasing, especially among men.1 Those with long-standing
HIV on combination antiretroviral therapy (ART) also benefit
from significant increases in longevity.2,3 With age, people
living with HIV (PLHIV) are likely to acquire additional
multimorbidity related to normal aging as well as from
the effects of HIV and its treatment, including renal failure,
hypertension, and diabetes.4–10 This demographic shift is
changing the end-of-life experience of PLHIV in the
developed world where mortality from non–AIDS events—
including chronic diseases, substance abuse, and non-AIDS–
defining cancers—now exceeds that of AIDS-defining
conditions among individuals receiving ART.6,7

This rising multimorbidity and concomitant polyphar-
macy have led to escalating costs of care among PLHIV.11–15

In addition to the cost of ART therapy, higher costs arise
among people with more advanced HIV disease, usually as
a result of inpatient admissions.11–13,15–17 Regardless of disease
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status, health care costs among PLHIV remain significantly
higher than those without HIV across all sectors of care
(outpatient, inpatient, emergency department, and non–ART
medication costs).11,14 At the population level, we know that
costs of care at the end of life are high, are dominated by acute
care, and escalate in the last 120 days of life.18 Overall, total
costs of delivering care to PLHIV increase with age19 and
escalate toward the end of life.12,13 However, little is known
about the end-of-life care and cost across all health care sectors
among PLHIV, and how they differ to those without HIV.

We had two objectives to this study: first, to describe the
places of care that PLHIV experience near the end of life,
including where they ultimately die, and to quantify the costs
of end-of-life care among all PLHIV in Ontario, the Canadian
province with the highest number of PLHIV. Ontario has
a single payer health care system with universal access to most
physician services, hospital admissions, emergency department
visits, long-term care, home care, and continuing care/inpatient
rehabilitation, as well as prescription medication costs for
people older than 65 and those on social assistance.

METHODS

Data Sources
We conducted a retrospective, population-based study

among PLHIV in Ontario, Canada. We used the multiple
databases available from the Institute for Clinical Evaluative
Sciences (ICES), a comprehensive collection of administrative
claims and billing data in the province of Ontario. These
deidentified databases are linked at the individual level using
encrypted health care numbers as unique identifiers and are
made available through a data-sharing agreement with the
Ministry of Health and Long-Term Care. Ethics approval was
obtained from the Sunnybrook Health Sciences Centre Research
Ethics Board in Toronto, Canada and from the Ottawa Health
Science Network Research Ethics Board in Ottawa, Canada.

The databases used include the Registered Persons
Database, which includes demographic and mortality data for
all residents eligible for provincial health care; 2006 Statistics
Canada census data to link postal code of residence to attribute
the household income quintile, as a proxy for socioeconomic
status; the Ontario Health Insurance Program (OHIP) billing
claims system, which contains 95% of physician and laboratory
services conducted in the province; the Discharge Abstract
Database which captures all provincial hospital admission
discharge data; the National Ambulatory Care Reporting
System, which contains information on emergency department
and selected outpatient visits; Immigration, Refugees, and
Citizenship Canada data, which contain information on individ-
uals granted permanent residency in Canada; the Continuity
Care Reporting System, which contains resident information for
all publicly funded residential care homes with 24-hour nursing
care (ie, nursing homes) and those in designated complex,
nonacute institutional care beds; the National Rehabilitation
Reporting System, which provides data on adult inpatient
rehabilitation care; the Home Care Database, which collects
service data on home care services, the Client Agency Program
Enrolment registry, which tracks patient enrolment to individual

family physicians; and the Ontario Drug Benefits, a claims
database of publicly funded prescriptions for individuals aged 65
and older and those receiving social assistance (Ontario Works,
Ontario Disability Support Program), or eligible for the sub-
sidized catastrophic access Trillium program.

Study Population
We used the Registered Persons Database to capture all

deaths in the province over the 3-year period from April 1, 2010
to March 31, 2013. Our study population included decedents
eligible for provincial health insurance. We identified PLHIV on
April 1, 2010, using an algorithm previously validated in
Ontario—based on physician claims with a diagnosis of
HIV—with a sensitivity of 96.2% (95% confidence interval:
95.2% to 97.9%) and specificity of 99.6% (95% confidence
interval: 99.1% to 99.8%).20 Decedents not meeting this HIV
ascertainment algorithm comprised the comparison group.

Variable Definition
We used neighborhood-level postal codes linked to 2006

Statistics Canada census data to assign income quintiles and
rurality scores at one year before death.21 We used data from
the Immigration, Refugees, and Citizenship Canada database to
categorize patient immigration status as follows: Canadian
born or long-standing immigrant (as immigration data are only
available after 1985), immigrant from an HIV-endemic
country, or immigrant from an HIV nonendemic country.
The Johns Hopkins Adjusted Clinical Group System was used
to ascertain multimorbidity by assigning patients to up to 32
distinct Aggregated Diagnosis Groups (ADGs), weighting
these ADGs and creating a composite measure, the ADG
score, which has been previously shown to be highly predictive
of one-year mortality.22–24 We used the Ontario Drug Benefits
claims database to identify individuals who were eligible for
public drug coverage and those who had actual claims during
the study period, including specifically for any ART during the
study period. Home care services were ascertained as palliative
or nonpalliative based on the Service Recipient Code, an
administrative flag which determines eligibility for services,
captured in the Home Care Database. We used a previously
validated algorithm looking at the percentage of claims
designated as palliative care to identify whether home visits
were performed by a designated specialist in palliative care.25

Finally, we used the provincial Client Agency Program
Enrolment (CAPE) registry to identify family physician
remuneration models. Fee-for-service models primarily reim-
burse physicians based on a per-visit fee schedule. Capitation
models are those that primarily reimburse physicians based on
age- and sex-based capitation rates for rostered patients, with
some additional funding for allied health support.

Outcomes

Health Care Cost
We report costs by sector in the last year of life. We have

adopted a payer Ministry of Health and Long-Term Care
(MOHLTC) costing perspective, using person-level health care
expenditures that accounts for data for health care utilization
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and cost information per use. We used previously described
methods to assign the costs of all health care records paid for
by the MOHLTC.26 Briefly, cost information for sectors (eg,
hospital admissions, complex continuing care, and inpatient
rehabilitation) that have global budgets (eg, by institution or by
health region) is determined using a top–down approach
through case-mix methodology. Sectors that have fee payments
associated with each use (eg, drug costs or physician fees) have
costs estimated directly. All costs were expressed in 2013
Canadian dollars; we inflated past costs using health care–
specific yearly consumer index reported by Statistics Canada.
Health sector cost for the population was the sum of all costs
among decedents captured within each respective sector.

Receipt of Services
We report receipt of care by sector in the last 90 days of

life. We categorized places with receipt of care as the number
of days spent in the following care settings: hospital (includes
acute care, complex continuing care, designated inpatient
rehabilitation beds, and emergency departments) and at home
with receipt of home care. Days spent in more than one
setting were counted for each of the places with receipt of
care. We reported location of death in hospital or in the
community. We defined palliative hospitalizations as any
hospital admission during which receipt of palliative care was
reported as a contributing reason for admission, or if care was
provided by a palliative care team.27 We defined receipt of
home care services as those provided by publicly funded
Community Care Access Centres and, when provided, we
categorized these as with receipt of palliative care if an end-
of-life designation was given.27 We determined whether
decedents had received one or more physician home visits
and categorized these as having palliative specialist involve-
ment if they had received one or more home visits from
a palliative specialist.27

Analysis
We used frequencies and proportions to report character-

istics of the study populations. All statistical tests were 2-tailed,
and P = 0.05 was used to determine statistical significance. We
used multivariable linear regression analysis to determine the
association between decedent characteristics and the number of
days spent in hospital in the last 90 days of life, adjusted for
decedent HIV status, age, sex, neighborhood income quintile,
neighborhood rurality, ADG score, immigrant status, primary
care model, whether the decedent received home care services in
the last year of life, whether the decedent had received palliative,
nonpalliative, or no physician home visits in the last 90 days of
life, and any receipt of ART in the last year of life. We used SAS
9.3 (SAS Institute Inc., Cary, NC) for all analyses.

RESULTS

Study Population Characteristics
We observed 264,754 eligible deaths during our 3-year

study period: 570 among PLHIV and 264,184 among people
without HIV (Table 1). PLHIV were significantly younger

than those without HIV: mean age of death was 56.1 years
(SD 15.3 years) among PLHIV vs. 76.6 years (SD 15.2 years)
among those without HIV (P , 0.01). PLHIV were more
likely to be male, to live in the lowest income neighborhoods
in urban settings, and to have emigrated from an HIV-
endemic country. PLHIV also had higher ADG score than
those without HIV and were more likely to receive care in
fee-for-service models of primary care vs. newer capitation-
based models.

Health care utilization at the end of life differed
significantly between PLHIV and those without HIV
(Table 2). PLHIV spent significantly more days in receipt
of acute care in the last 90 days of life than decedents without
HIV (20.0 vs. 12.1 days, P , 0.01) and were more likely to

TABLE 1. Characteristics of PLHIV and Decedents Without
HIV, Ontario, Canada, 2010–2013

No HIV
(n = 264,184),

N (%)

PLHIV
(n = 570),
N (%) P

Age, yrs

Mean (SD) 76.6 (15.2) 56.13 (15.3) ,0.01

0–44 8836 (3.46) 110 (19.93)

45–54 13,411 (5.25) 176 (31.88)

55–64 27,131 (10.62) 119 (21.56)

65–74 42,031 (16.45) 72 (13.04)

75–84 73,127 (28.61) 46 (8.33)

85+ 91,027 (35.62) 29 (5.25)

Sex

Female 131,179 (51.33) 128 (23.19) ,0.01

Male 124,384 (48.67) 424 (76.81)

Income quintile

Lowest 58,344 (22.83) 206 (37.32) ,0.01

Low 53,776 (21.04) 108 (19.57)

Middle 49,747 (19.47) 92 (16.67)

High 48,375 (18.93) 67 (12.14)

Highest 45,321 (17.73) 79 (14.31)

Rurality

Urban 218,876 (85.64) 513 (92.93) ,0.01

Rural 36,687 (14.36) 39 (7.07)

Immigration—country of origin

Canadian born/immigrated
before 1985

241,472 (94.49) 505 (91.49) ,0.01

Immigrant from HIV
nonendemic country

11,994 (4.69) 21 (3.8)

Immigrant from HIV-endemic
country

2097 (0.82) 26 (4.71)

ADG score*

Mean (SD) 34.74 (14.9) 39.14 (13.1) ,0.01

Primary care model†

Capitation 11,7881 (46.13) 206 (37.32) ,0.01

Fee-for-service 73,092 (28.6) 170 (30.8)

Nonrostered 64,590 (25.27) 176 (31.88)

*Calculated from the Johns Hopkins Aggregated Diagnosis Groups.
†Capitation-based models included Family Health Networks, Family Health Teams,

and Family Health Organizations. Fee-for-service–based models included traditional
fee-for-service and Family Health Groups.
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die in hospital [361 (65.4%) vs. 137,083 (53.6%), P , 0.01].
Of note, only 29 PLHIV (5.3%) died in a long-term care
facility compared with 44,619 (17.5%) of decedents without
HIV (data not shown).

Receipt of palliative care services also differed
between cohorts. PLHIV had greater hospitalizations desig-
nated as for receipt of palliative care than those without HIV
[219 (38.4%) vs. 92,231 (34.9%)]. Although there were no
differences in receipt of palliative home care between the
cohorts, PLHIV were less likely to receive a physician visit
them at home [87 (15.8%) vs. 53,062 (20.8%)]. Overall,
mean costs of care in the last year of life among PLHIV were
significantly higher than those without HIV ($80,885.62
vs. $53,869.77).

Table 3 delineates the mean cost of care per decedent
for individual sectors of the health care system. The key

drivers of higher costs among PLHIV are borne in inpatient
care, with mean costs per user almost double than for
decedents without HIV (mean cost per person for non-
intensive care stay $44,430.79 vs. $22.879.58).

Among all decedents, after adjustment, PLHIV
were significantly associated with the number of days
spent in hospital in the last 90 days of life [estimate 4.48,
P , 0.0001 (Supplemental Digital Content, Table 1,
http://links.lww.com/QAI/A960)]. Table 4 shows the re-
sults of our multivariable linear regression model estimates of
the association between patient characteristics and number of
days in hospital in the last 90 days of life among restricted to
PLHIV. Among PLHIV (Table 3), after adjustment, only
higher ADG score (estimate 0.60, P , 0.0001), receiving
nonpalliative home visits (estimate 16.91, P , 0.0001), and
not receiving any Ontario Drug Benefit prescriptions (ODB)
(estimate 12.82, P = 0.002) were statistically associated with
having spent more days in hospital in the last 90 days of life.
Parameter estimates of receiving palliative home care (c.f.,
those receiving home care) and being rostered to a family
physician in a capitation model suggested reduction in days
spent in hospital, although the large standard errors led to
nonsignificant P-values.

INTERPRETATION
In this population-based study, we found important

differences in the end-of-life experience among PLHIV and
without HIV. In particular, despite advances in and access to
ART at the time of our study, PLHIV were significantly
younger than those without HIV, with a mean age of death of
about 20 years younger. Their care at the end of life was
dominated by receipt of acute care, with PLHIV spending on
average 8 additional days in receipt of acute care in the last 90
days of life and more likely to die in hospital settings. This
increased receipt of acute care use led to substantial costs of
care in the last year of life, with health care costs for PLHIV
50% greater, or more than $27,000 more per person, than
those without HIV. These findings have important implica-
tions as the population of PLHIV becomes older and
increasingly complex, and presents an opportunity to improve
both population costs and patient-oriented quality of end-of-
life care for this population. We are the first to show end-of-
life health care use and cost of a population-based HIV cohort
across a wide array of health sectors.

ART has led to substantial increases in longevity
among PLHIV in developed settings; today, a 20-year-old
adult on ART has a life expectancy approaching that of the
general population.2 However, our study reinforces that
PLHIV are still dying much earlier than their non-HIV
counterparts, and remain more marginalized with lower
income. Such marginalization among people nearing the end
of life is consistent with findings of the long-term care and
home care population in Ontario in which PLHIV represent
a minority population burdened by psychosocial and med-
ical complexity.28 There is substantial evidence that poor
control of HIV contributes to higher costs, mostly due to the
receipt of acute care,11–17 and that receipt of ART is
associated with higher medication costs but lower overall

TABLE 2. Location of Death and Places of Care in Last 90 Days
of Life by HIV Status

No HIV
(n = 264,184)

PLHIV
(n = 570) P

Places of care—no. ofdays in
last 90 d

Acute care 12.08 20.03 ,0.01

Complex continuing care 2.90 3.22 0.59

Rehabilitation 0.39 0.29 0.47

Emergency department 0.74 0.99 ,0.01

Total hospital use (from places
of care listed above)*

27.03 30.99 ,0.01

Home care 10.93 6.46 ,0.01

Location of death (n, %)

Hospital 137,083 (53.64) 361 (65.40) ,0.01

Community 118,480 (46.36) 191 (34.60)

Palliative hospitalizations in
last 90 d (n, %)

Yes 92,231 (34.91) 219 (38.42) 0.08

Home care services in last
90 d (n, %)

Nonpalliative 109,614 (42.89) 227 (41.12) 0.17

Palliative 47,780 (18.7) 92 (16.67)

Physician home visits in
last 90 d (n, %)

Nonpalliative 32,143 (12.58) 46 (8.33) 0.04

Palliative 20,919 (8.19) 41 (7.43)

Ontario drug benefits use (n, %)

Yes 235,077 (91.98) 482 (87.32) ,0.01

Received ART under
Ontario drug benefits† (n, %)

No 234,879 (91.91) 175 (31.7) ,0.01

Yes 198 (0.08) 307 (55.62)

Cost in last year (Canadian dollars)

Mean 53,869.77 80,885.62 ,0.01

Median 44,669.23 60,088.92

Q1 20,127.98 27,494.66

Q3 67,001.96 106,722.05

*Total hospital use reflects all inpatient (acute care, complex continuing care, and
rehabilitation) and emergency department use.

†Denominator represents subset of decedents who were ODB eligible.
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acute care costs.15 We did not find ART use to be associated
with fewer acute care days; however, this finding may be
confounded by the likelihood that drug costs are institution-
ally covered while patients are in receipt of acute care, thus
may not appear within ODB claims.

The disproportionate acute care use, and resultant
increased proportion of PLHIV dying in hospital settings,
also has important patient-level implications. Most Canadians
would prefer to die at home.29–31 However, PLHIV were less
likely to receive palliative home visits near the end of life,
consistent with low use in previous studies32 and despite
evidence that receipt of palliative care in the home is
associated with increased likelihood of dying at home.33

Furthermore, few PLHIV died in long-term care facilities; this
is partially a reflection of younger age at death, and highlights
the need to understand, develop, and implement patient-
centered care settings that address the complex needs of an
aging HIV population.34–37 In particular, aging PLHIV
require a focus on mental health,28 chronic pain manage-
ment,28 and polypharmacy,28 as well as mechanisms to
address social needs including isolation and stigmatiza-
tion,28,37 economic hardship,37,38 and housing stability.39

These challenges are in stark contrast to those faced from
the typical nursing home population, typically older than 80
years with cognitive and physical disability resulting from
dementia and senescence.40 Given the diversity of the
population of PLHIV, these needs may be heterogeneous in
nature41 and may differ from the priorities of their health care
providers.39,42

Our data sets allow us to quantify care among
a geographically and ethnically diverse population of
PLHIV, reducing biases inherent in clinical cohort data.

Furthermore, we were able to quantify comprehensive use
and costs of care across an array of health care sectors.
However, there are limitations to our findings. First, we
were only able to identify people who were diagnosed with
HIV by the health care system. We did not capture those
who did not know they have HIV, and those who did but
chose not to seek treatment. Misclassification of these
individuals would attenuate any differences we see
between the population with and without HIV. Second,
although we were able to capture most costs within our
single payer system, we were unable to ascertain direct
costs paid out of pocket or through personal insurance,
including private care, allied health support, and medica-
tions (including costly ART) paid for outside the Ontario
Drug Benefit program (13% of PLHIV have no coverage).
We were also unable to determine the indirect costs of care,
such as that to informal caregivers, which can be sub-
stantial at the end of life.43 For the same reasons, our
results may not be generalizable to other nonuniversal
health care systems. Third, there is substantial evidence
that poor control of HIV contributes to higher costs, mostly
due to receipt of acute care11–17: as we could not ascertain
immune status from our data, nor the age at or time from
HIV diagnosis, HIV disease stage may play an unmeasured
factor in our findings. Finally, there are likely unmeasured
health and social determinants that influence access to care
and services that are unmeasured in this study.44

Our study highlights that even in a system with fairly
comprehensive health and social supports, PLHIV face
considerably poorer health outcomes at the end of life despite
higher costs of care. In perspective, the mean cost in the last
year of life for PLHIV ($81,032.42) was substantially higher

TABLE 3. Mean Costs (Canadian Dollars) per Decedent in the Last Year of Life* by Sector, Ontario, Canada, 2010–2013

No HIV PLHIV Total

Health Care
Users (n)

Mean $ per
User

Health Care
Users (n)

Mean $ per
User

Health Care
Users (n)

Mean $ per
User

Continuing care sectors

Long-term care 61,870 34,355.19 42 33,581.11 61,912 34,354.67

Complex continuing care 29,013 29,551.73 57 28,694.77 29,070 29,550.05

Home care 156,251 7368.62 317 6553.36 156,568 7366.97

Rehabilitation 9765 23,647.18 26 20,455.32 9791 23,638.7

Acute care sectors

Inpatient without ICU 136,844 22,879.58 274 44,430.79 137,118 22,922.64

Inpatient with 1+ ICU 54,426 50,883.9 194 70,590.61 54,620 50,953.89

Emergency department 214,173 1533.44 499 1860.22 214,672 1534.2

Outpatient care sectors

Outpatient clinics 85,756 10,492.01 206 11,822.89 85,962 10,495.2

Physician billings 252,980 5447.49 551 7721.02 253,531 5452.43

Nonphysician billings
(OHIP)

125,746 654.24 148 365.68 125,894 653.9

Laboratory (OHIP) 204,965 271.92 403 425.25 205,368 272.22

Drugs/devices no ART 229,908 3285.82 160 3870.82 235,054 3216.52

Drugs/devices with 1+ ART 196 8472.52 297 15,697.36 505 12,520.25

Total cost 253,769 54,250.6 551 81,032.42 254,320 54,308.62

*Among decedents with health care billings in the last year of life.
ICU, intensive care unit.
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than those with cancer ($54,457) or congestive heart failure
($59,165) (P. Tanuseputro, June 14, 2016). These findings
present a challenge to health care planners in determining the
most effective and cost-efficient ways to provide end-of-life
care to complex patients, including the integration of patient-
centered HIV services37 with earlier community-based
palliative care services.45 This study provides a signal of
suboptimal end-of-life services among PLHIV; future work
should explore the determinants of this experience and

identify opportunities to optimize the quality and cost
effectiveness of care, in particular the receipt of appropriate
palliative care services.
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Unrostered 3.69 2.75 0.1814

Rostered ref

ADG score‡ 0.58 0.09 ,0.0001

Immigration status

Not Canadian born/long-standing immigrant 6.79 4.13 0.1005

Canadian born/long-standing immigrant ref

Receipt of home care in the past 365 d

Received—not palliative 15.80 2.56 ,0.0001

Received—palliative 5.73 3.94 0.1468

None ref

Receipt of physician home visits in the past 365 d

Received nonpalliative physician home visits 2.63 4.44 0.5533

Received palliative physician home visits 22.80 5.15 0.5872

None ref

Receipt of ART under Ontario drug benefits

Did not receive ART 22.61 2.39 0.2763

Received ART ref

*Models adjusted for all listed covariates.
†Family Health Networks, Family Health Teams, and Family Health Organizations are rostered capitation-based models. Family Health Groups and others are rostered fee-for-

service–based models.
‡Calculated from the Johns Hopkins Aggregated Diagnosis Groups.
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