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Objectives

Selection as a consequence of volunteer participation in, and loss to follow-up from, cohort studies
may bias estimates of mortality and other health outcomes. To quantify this potential, we
estimated mortality and health service use among people living with HIV (PLWH) who were lost to
cohort follow-up (LTCFU) from a volunteer clinical HIV-infected cohort, and compared these to
mortality and health service use in active cohort participants and non-cohort-participants living
with HIV in Ontario, Canada.

Methods

We analysed population-based provincial health databases from 1995 to 2014, identifying

PLWH > 18 years old; these included data from participants in the Ontario HIV Treatment Network
Cohort Study (0CS), a volunteer, multi-site clinical HIV-infected cohort. We calculated all-cause
mortality, hospitalization and emergency department (ED) visit rates per 100 person-years (PY) and
estimated hazard ratios (HRs) of mortality, adjusting for age, sex, income, rurality, and immigration status.

Results

Among 23 043 PLWH, 5568 were OCS participants. Compared with nonparticipants, participants
were younger and less likely to be female, to be an immigrant and to reside in a major urban
centre, and had lower comorbidity. Mortality among active participants, participants LTCFU and
nonparticipants was 2.52, 3.30 and 2.20 per 100 PY, respectively. After adjustment for covariates,
mortality risk was elevated among participants LTCFU compared with active participants (HR 2.26;
95% confidence interval 1.91, 2.68). Age-adjusted hospitalization rates and ED visit rates were
highest among participants LTCFU.

Conclusions

Mortality risk and use of health care resources were lower among active cohort participants. Our
findings may inform health outcome estimates based on volunteer cohorts, as well as quantitative
bias adjustment to correct for such biases.
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Introduction

The generalizability of findings from cohort studies may
be limited if the cohort population differs from the wider
population of interest. Selection bias, a form of participa-
tion bias, exists when active members of the cohort have
significantly different characteristics than those unable or
unwilling to participate, and there is reason to believe
that this variation could potentially impact outcome risk.
Biases can also occur as a result of participant loss to
cohort follow-up (LTCFU). In HIV-infected cohort studies,
LTCFU is typically defined as failure to attend HIV care
for a prespecified time period. In HIV studies conducted
in developed countries, LTCFU occurs at rates from 3.5 to
9.8 per 100 patient-years (PY) [1-3] with cumulative
LTCFU rates of 20-40%, defined by studies as a lack of
engagement in primary care and out-patient visits for 6
or 12 months without returning, after an initial linkage
to HIV care [4-6].

From a methodological perspective, knowledge of
health outcomes of cohort study participants after LTCFU
is necessary for the interpretation of research findings
from those studies. Time to event analyses of clinical
outcomes or death in cohort studies often assume that
censoring as a result of LTCFU is independent of the
outcome under study. However, such assumptions would
bias life expectancy calculations for people living with
HIV (PLWH) if mortality rates among individuals who
are lost to cohort follow-up (LTCFU) differ substantially
from those of individuals still under follow-up [7,8].
When the mortality rates after LTCFU are not available,
studies have estimated life expectancy using assump-
tions about mortality after LTCFU derived from cohort
studies from other countries, from local cohorts, or from
sensitivity analyses with a range of possible outcome
rates [9-12]; however, determining the extent to which
the results are truly reflective of their local setting can
be challenging.

Our objective was to estimate mortality and health
service use trajectories among volunteer HIV-infected
cohort participants, comparing those actively parti-
cipating to those LTCFU, as well as to nonparticipants.
We addressed this objective using data from Ontario,
Canada, where population-based data are available for
all PLWH in HIV care, and the setting of the long-stand-
ing Ontario HIV Treatment Network (OHTN) Cohort
Study (0CS).

© 2018 The Authors.

Methods

We carried out a population-based retrospective cohort
study using data from the OCS and administrative data
housed at ICES.

OHTN Cohort Study

The OCS is a voluntary open cohort study of PLWH who
have received care at one of 11 clinical sites since 1995
[13]. Participants have completed annual questionnaires
since 2007, for which they received a modest honorar-
ium. Clinical and demographic data are abstracted from
medical charts. We linked OCS data to administrative
databases using unique identifiers. The only OCS data
beyond health administrative data that were used for this
analysis were dates of death and loss to follow-up.

Administrative data sources

We conducted analyses using health administrative data
from the province of Ontario, Canada. We used the fol-
lowing data sets for this study: the Registered Persons
Database (RPDB), an electronic registry of all Ontarians
eligible for health coverage, to ascertain patient demo-
graphic information and date of deaths; 2006 Statistics
Canada census data; the Ontario Health Insurance Plan
(OHIP) database, which contains physician billing claims
for approximately 95% of physician-based visits in this
province; the Discharge Abstract Database, which cap-
tures all provincial hospitalization discharge data; the
National Ambulatory Care Reporting System and Emer-
gency Claims Database (ERCLAIMS) for information on
emergency department and selected out-patient visits; the
Immigration, Refugee and Citizenship Canada (IRCC)
Permanent Resident Database; and the Office of the
Register General — Deaths (ORGD) Database for detailed
death records. These data sets were linked using unique
encoded identifiers and analysed at ICES.

Study population

To obtain an administrative cohort of PLWH, we applied a
validated algorithm to identify all individuals > 18 years
receiving HIV care in Ontario between 1 April 1992 and 31
December 2014 [14]. Briefly, three physician claims coded
for HIV infection [International Classification of Diseases,
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Flow chart of Ontario HIV Treatment Network Cohort Study (OCS) participants:

QCS participants between 1 January
1995 and 31 December 2014 n = 6129

Exclude participants not
linked to ICES n = 510

—

n = 5619

Exclude participants
p———————— Dpresenting to care <1992
n=>51

Final OSC cohort n = 5568

Flow chart of non-Ontario HIVTreatment NetworkCohort Study (OCS) participants:

Met HIV algorithm between 1 January,
1995 and 31 December 2014 n = 24 525

Exclude participants who
——*| died before study Jan 1,

1995n=1

n=24524

Exclude participants with
missing age or gendern = 1

n=24523

Exclude RPDB age of cohort
entry date < 16 years
n = 1366

n = 23157
Exclude RPDB age > 105 on
Dec31,2014n=7
n = 23150
Exclude participants with no
» | contact with the health care
system after Jan 1, 1995
n =107
n =23043

Exclude participants who
EEEEEEEE——— are OCS participants
n = 5568

Final Non-OSC cohort n = 17 475

Fig. 1 Flow chart of study participants. OCS, Ontario HIV Treatment Network Cohort Study; RPDB, Registered Persons Database.
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Ninth Revision (ICD-9) codes 042-044] over a 3-year
period identify PLWH receiving regular HIV care, with a
sensitivity of 96.2% [95% confidence interval (CI) 95.2—
97.9%] and a specificity of 99.6% (95% CI 99.1-99.8%).
OCS participants were linked to this administrative cohort.
OCS participants who were not linked to ICES were
excluded from analyses (Fig. 1).

For those identified by the above algorithm as PLWH
who were also OCS participants, the index date was
defined as the earliest of (1) the date of first HIV billing
code that triggered the HIV algorithm or (2) the date of
entry into the OCS cohort. For non-0CS participants, the
index date was the date of the first HIV billing code
between 1 April 1992 and 31 December 2014. Patients
were followed until death or 31 December 2014, which-
ever occurred first. We excluded those who presented to
HIV care in 1992 or earlier, as their exact date of presen-
tation was unknown. We applied rules to censor patients
with long gaps in care (i.e. a period of > 7 years with no
health care encounters but with no record of death). Cen-
soring began at 7 years after the last encounter preceding
the gap until the earlier of (1) the end of the study period
or (2) re-engagement in care. For example, a patient who
had regular health care encounters for a period of 5 years
after presentation to HIV care but no encounters there-
after would be censored at 12 years of follow-up. If a
similar patient re-engaged with the health care system at
14 years of follow-up, he/she would be censored from
years 12 to 14 and then re-included in the analysis from
year 14 to the end of the study period.

Classification of cohort participation status

Our primary exposures of interest were OCS participation
and LTCFU among OCS participants. OCS participants
were classified as LTCFU if there were no available clinic-
based data (i.e. no data from their medical chart or inter-
view data) over an 18-month period. Time after LTCFU
from the OCS was measured until the earliest of (1) the
end of ICES follow-up as a consequence of moving out
of province, (2) death or (3) 31 December 2014.

Outcomes

Our primary outcome was mortality. We used the RPDB
to determine the date of death. For OCS participants
without evidence of death in the RPDB, we used date of
death reported in OCS data.

To understand the care engagement of active OCS
participants compared to those who were LTCFU, our
secondary outcome was health services use [emergency
department (ED) visits, hospital admissions and engagement

© 2018 The Authors.

in care]. We classified out-patient visits as family physi-
cian visits, visits to HIV specialists (defined as any visit to
an internal medicine or infectious disease specialist), and
visits specifically for HIV care (ICD-9, codes 042, 043 and
044). We defined engagement in HIV care after LTCFU
from OCS, defined as at least two out-patient visits for
HIV care at least 3 months apart. We reported engage-
ment in HIV care in the first year after follow-up and in
the most recent calendar year, 2014.

Covariates

We adjusted for the following demographic information
and covariates at the time of care presentation: age, sex,
income, rurality (as determined from neighbourhood-level
postal codes linked to 2006 Statistics Canada census data)
and immigration status [immigrant from country with
generalized HIV epidemic and immigrant from country
without generalized HIV epidemic]. We used the John
Hopkins ACG® System Version 10 (Sun Microsystems
Inc., Santa Clara, CA) [15] to categorize medical comor-
bidity by assigning individuals to one of 32 distinct
aggregated diagnosis groups (ADGs) based on condition
duration, severity, diagnostic certainty, aetiology, and
specialty care involvement. Comorbidity burden was clas-
sified as low (< 5 ADGs), medium (6-9 ADGs) and high
(> 10 ADGs) [15].

Analyses

We compared characteristics between OCS participants
and nonparticipants using means and standard deviations
and f-tests for continuous variables, and frequency and
percentages and y” tests for categorical variables. We cal-
culated all-cause mortality rates, and hospitalization and
ED rates (crude and age-adjusted to the 2011 Ontario
population) per 100 PY, stratified by non-OCS partici-
pants, OCS active participants and OCS participants after
LTCFU. For all outcomes, observation time was divided
into periods (1996-1999, 2000-2004, 2005-2009 and
2010-2014) to detect temporal trends, and by sex to
detect differences between men and women.

We used proportional hazards models with time to
death from date of presentation for HIV care. We left
truncated time between care presentation and OCS enrol-
ment for OCS participants and time between care presen-
tation and 1995 for non-OCS participants who presented
to care prior to 1995. Participants for whom death was
not documented during the study period were censored at
the later of the last follow-up date in ICES databases or
31 December 2014. LTCFU for OCS participants was mod-
elled with a binary time-dependent covariate, which was
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set to zero at OCS enrolment and to 1 after a period of
18 months of having no available clinic-based data (i.e.
no data from their medical chart no interview data). We
estimated hazard ratios (HRs) of mortality for the follow-
ing covariates: OCS participation, LTCFU, and calendar
time period, as well as the interaction of LTCFU and time
period and OCS participation and time period. We
adjusted for participant demographics at the time of care
presentation: age (per 10 years), sex, immigration status
(immigrant from a country with generalized HIV
epidemic or without generalized HIV epidemic versus
long-term resident), rurality (rural versus urban/suburban
location) and neighbourhood income quintile (other
quintiles versus highest quintile)). sas version 9.4 (SAS
Institute, Cary, NC) was used for all analyses.

Ethics approval for this project was granted by the
Ottawa Hospital Research Ethics Board and the Sunny-
brook Health Sciences Centre Research Ethics Board.
Ethics approval for the OCS was obtained from each
study site. Participants signed informed consent at the
time of enrolment into the cohort.

Results

Between 1 January 1995 and 31 December 2014,
23 043 individuals received HIV care in Ontario. During
this time period, 6129 PLWH were enrolled into the
0CS; of these, 5619 (92%) were linked to the adminis-
trative data holdings at ICES, and 5568 presented to
care after 1992, for a total of 37 718.68 PY of follow-
up. Rates of linkage to ICES were 94% for active par-
ticipants, 96.5% for patients who had died, 98% for
participants from the site that had closed and 82% for
LTCFU participants. As of 31 December 2014, of the
5568 OCS participants linked to ICES, 3219 (57.8%)
were active, 951 (17.0%) had died, 219 (3.9%) were
enrolled at a site that had closed, and 1179 (21.2%)
were LTCFU. Compared with people who remained
active in the cohort, those LTCFU were more likely to
have presented to care in earlier years, to have a
slightly younger age at care presentation, to be a long-
term resident of Canada, and to have lower comorbid-
ity (Appendix 2, Table A1). After LTCFU from the OCS,
267 participants were recorded as having died (3.3
deaths per 100 PY), for a total of 1218 deaths.

The remaining 17 475 PLWH not linked to the OCS
were classified as nonparticipants. At presentation to
care, compared with nonparticipants, participants were
significantly younger, were less likely to be female, to be
an immigrant and to come from a major urban centre,
and had lower comorbidity (Table 1). As of 31 December
2014, 3797 (21.7%) of the 17 475 nonparticipants had

© 2018 The Authors.

died. Crude rates of death among OCS participants and
OCS nonparticipants were 2.52 and 2.20 per 100 PY of
follow-up, respectively.

Table 2 shows the age-adjusted mortality rates by cal-
endar year for nonparticipants, active participants and
participants after LTCFU. For all three groups, mortality
rates declined by > 70% between 1995 and 2014. In all
calendar periods, age-adjusted mortality rates were higher
for participants LTCFU than for those who remained

Table 1 Characteristics of Ontario HIV Treatment Network Cohort
Study (OCS) participants and nonparticipants at presentation to HIV
care

OCS participants
(group A)

OCS nonparticipants
(group B)

Variable (N = 5568)n (%) (N =17 475)n (%) P-value
Year of HIV care
presentation
< 1992-1994 1967 (35.33) 3680 (21.06) < 0.001
1995-1999 1422 (25.54) 3405 (19.48)
2000-2004 970 (17.42) 3218 (18.41)
2005-2009 953 (17.12) 3588 (20.53)
2010-2014 256 (4.6) 3584 (20.51)
Age at HIV care 36.76 (9.23) 38.25 (11.77) < 0.001
presentation
(years) [mean (SD)]
Age category at HIV
care presentation
< 25 years 516 (9.27) 1850 (10.59) < 0.001
26-35 years 2213 (39.74) 6241 (35.71)
36-45 years 1892 (33.98) 5533 (31.66)
46-55 years 742 (13.33) 2470 (14.13)
> 56 years 205 (3.68) 1381 (7.9)
Female 826 (14.83) 3534 (20.22) < 0.001
Neighbourhood
income quintile
1 1750 (31.43) 5415 (30.99) 0.153
2 1137 (20.42) 3652 (20.9)
3 951 (17.08) 2894 (16.56)
4 792 (14.22) 2493 (14.27)
5 826 (14.83) 2561 (14.66)
Missing 112 (2.01) 460 (2.63)
Urban/rural
Major urban 4913 (88.24) 15 712 (89.91) < 0.001
Nonmajor urban 444 (7.97) 1065 (6.09)
Rural 166 (2.98) 429 (2.45)
Missing 45 (0.81) 269 (1.54)
Immigrant status
Long-term resident 4833 (86.8) 14 058 (80.45) < 0.001
immigrant, country 263 (4.72) 1472 (8.42)
with generalized
HIV epidemic
immigrant, country 472 (8.48) 1945 (11.13)
without generalized
HIV epidemic
Comorbidity (aggregated diagnosis groups)
Missing (1991 1092 (19.61) 1949 (11.15) < 0.001
and 1992)
1-4 (low) 1346 (24.17) 4963 (28.4)
5-9 (medium) 2040 (36.64) 6314 (36.13)
> 10 (high) 1090 (19.58) 4249 (24.31)

SD, standard deviation.
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active participants and for those who were nonpartici-
pants (Table 2). Mortality rates were higher in active par-
ticipants versus nonparticipants from the two earlier time
periods, but this trend was reversed in 2005-2009 and
2010-2014. After adjustment for age, women had lower
mortality than men, across non-OCS participants, OCS
active participants and OCS participants after LTCFU,
although this difference was only significant among OCS
participants (P < 0.0001).

After adjustment for covariates in a proportional haz-
ards model, participants LTCFU from the OCS had a sig-
nificantly greater hazard of mortality than those retained
in the OCS [HR 2.26; 95% confidence interval (CI) 1.91,
2.68] (Table 3). Older age at entry into care was associ-
ated with a greater hazard of mortality, as was living in
lower income neighbourhoods. Female sex, residing in an
urban location and having immigrated after 1985 were
factors associated with a lower hazard of mortality.

Age-adjusted hospitalization rates decreased over cal-
endar time for all groups. Hospitalization rates were
highest among OCS participants who were LTCFU
(Table 4a). Compared with men, women had higher age-
adjusted hospitalization rates among non-OCS partici-
pants (P < 0.0001) but similar rates among OCS active
participants and OCS participants LTCFU. Similarly, age-
adjusted ED visit rates were highest in OCS participants
who were LTCFU across all time periods (Table 4b). Rates
of ED visits increased over time for all three cohorts,
except for OCS active participants, for whom ED visits
declined in the 2010-2014 period. Compared with men,
women had more ED visits among all groups.

Most of the 1179 individuals who were LTCFU from the
OCS but had no record of death continued to access care
through out-patient visits at a median rate of 9.12 visits

Table 3 Proportional hazards model of mortality among people liv-
ing with HIV in Ontario

Variable Hazard ratio (95% Cl)

Time (years) since care presentation 0.91 (0.90, 0.92)
among non-0CS participants
Time (years) since care presentation

among OCS participants

Lost to follow-up

0.88 (0.87, 0.90)

Yes 2.26 (1.91, 2.68)
No Ref
Age at entry to care (per 10 years) 1.60 (1.56, 1.64)
Sex
Female 0.88 (0.81, 0.96)
Male Ref

Rurality of residence

Urban residence 0.72 (0.61, 0.85)

Rural residence Ref

Income quintile
1 (lowest) 1.41 (1.27, 1.57)
2 1.21 (1.08, 1.36)
3 1.11 (0.99, 1.26)
4 1.17 (1.03, 1.32)
5 (highest) Ref

Immigration status
Immigrant from country with
generalized HIV epidemic
Immigrant from country without
generalized HIV epidemic
Canadian born/long-term resident Ref

0.60 (0.52, 0.70)

0.57 (0.48, 0.69)

Cl, confidence interval; Ref, reference group to which the remaining
groups are compared.

per year [interquartile range (IQR) 4.2-17.2 visits/year]
(Table 5). Half of these visits were to family physicians
(median 4.5 visits/year; IQR 1.6-9.2 visits/year) and about
a third were for HIV-specific care (median 3.1 visits/year;
IQR 1.2-6.2 visits/year). Among participants lost to follow-
up across all time periods, 60% remained engaged in HIV
care (at least two out-patient visits for HIV care at least

Table 2 Age-adjusted mortality rates per 100 patient-years (95% confidence intervals) by calendar year period for non-Ontario HIV Treat-
ment Network Cohort Study (OCS) participants, OCS active participants and OCS participants after being lost to cohort follow-up (LTCFU)

OCS nonparticipants

OCS participants (active)

OCS participants (LTCFU)

Patient- Patient- Patient-
years Crude Adjusted years Crude Adjusted years Crude Adjusted
Years
1995— 28 793  5.17 (4.91-5.44)  6.49 (5.98-7.03) 5478 6.81 (6.14, 7.54)  7.46 (6.32-8.73) 387 8.79 (6.09, 12.28) 14.98 (6.88-27.29)
1999
2000— 38 833 1.90 (1.76-2.04)  2.60 (2.34-2.88) 7495  3.12(2.73, 3.55) 3.66 (3.03-4.37) 1510 3.58 (2.69, 4.66) 4.04 (2.63-5.89)
2004
2005- 49 672 1.65 (1.54-1.76)  2.13 (1.95-2.32) 10 219 1.58 (1.34, 1.84)  1.60 (1.30-1.94) 2360 4.41 (3.6, 5.34) 4.62 (3.55-5.90)
2009
2010— 55 875 136 (1.26-1.46)  1.66 (1.53-1.80) 17 181 1.07 (0.92, 1.23)  1.04 (0.87-1.23) 3803 1.97 (1.55, 2.47) 2.06 1.50-2.73)
2014
Sex
Female 33 384 1.80 (1.66-1.95)  2.46 (2.24-2.70) 6041 1.46 (1.17-1.79)  1.63 (1.21-2.15) 937 3.42 (2.34-4.82) 3.14 (1.86-4.94)

Male 139 789 2.29 (2.21-2.37)  2.69 (2.57-2.80) 34 332

2.51 (2.35-2.69)

2.79 (2.58-3.02) 7123 3.30 (2.89-3.75) 3.58 (3.04-4.17)

© 2018 The Authors.
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Table 5 Out-patient visits among Ontario HIV Treatment Network Cohort Study (OCS) participants who were lost to cohort follow-up (LTCFU)

(n=1179)
Calendar period when LTCFU from OCS
All those LTCFU
from OCS 1996-1999 2000-2004 2005-2009 2010-2014
Variable (N=1179) (N = 253) (N = 265) (N = 408) (N = 253)
Person-years of ICES follow-up after 5.6 (3.5-10.1) 10.9 (2.3-16.4) 11.0 (6.3-13.1) 5.6 (4.7-7.3) 3.7 (2.4-4.2)
OCS LTCFU [median (Q1-Q3)]
Out-patient visits after OCS LTCFU [median (Q1-Q3)] 9.1 (4.2-17.2) 13.3 (6.3-25.7) 10.8 (5.6-17.7) 7.4 (3.4-15.2) 7.0 (3.3-13.8)
Out-patient visits to family physician after 4.5 (1.6-9.2) 6.4 (2.5-13.0) 5.2 (2.0-9.3) 3.8 (1.2-7.7) 3.8 (1.1-7.6)
OCS LTCFU [median (Q1-Q3)]
Out-patient visits to HIV specialist after 0.9 (0-3.0) 1.6 (0.1-4.1) 1.4 (0.1-5.7) 0.7 (0-2.5) 0.5 (0-2.0)
OCS LTCFU [median (Q1-Q3)]
Out-patient visits for HIV-specific care 3.1 (1.2-6.2) 4.7 (2.0-9.6) 4.6 (2.0-7.7) 2.6 (1.0-4.3) 2.4 (0.6-4.6)
after OCS LTCFU [median (Q1-Q3)]
Engaged in care within first year after OCS LCTFU (> 2 out-patient 706 (59.9) 163 (64.4) 179 (67.6) 229 (56.1) 135 (53.4)
visits at least 3 months apart for HIV-specific care
within first year after OCS LTCFU) [n (%)]
Engaged in care in most recent calendar year [> 2 out-patient 439 (37.2) 62 (24.5) 98 (37.0) 165 (40.4) 114 (45.1)

visits at least 3 months apart for HIV-specific care within
most recent calendar year (2014)] [n (%)]

3 months apart) within the first year after LTCFU from
0CS, and 37% remained engaged in HIV care in 2014.

Discussion

In our setting in Ontario, Canada, we documented higher
rates of mortality and increased use of acute health care
resources, including hospitalizations and ED visits, among
PLWH who become lost to follow-up from a clinical HIV-
infected cohort study. OCS participants were LTCFU at a
rate of 3.13 per 100 PY; this group had more than twice
the rate of mortality and higher rates of acute care use
(hospitalizations and ED visits) than participants who
remained active in the cohort or individuals who had
never joined the cohort. As the OCS is a volunteer cohort,
not a population-based study, LTCFU from the cohort
was not synonymous with the lack of engagement in HIV
care. In fact, approximately half of LTCFU participants
remained engaged in HIV care after LTCFU from the
cohort. Our findings provide a robust estimate of mortal-
ity among those LTCFU that can enhance assumptions
made when estimating life expectancy from HIV-infected
cohorts.

Other HIV-infected cohort studies have reported mixed
findings on the association between LTCFU and mortality,
in part as a consequence of different definitions of
LTCFU, the calendar year period under study and the
degree to which a cohort study is population-based, such
that LTCFU implies a lack of engagement in HIV care. A
French HIV-infected cohort study reported a mortality
rate of 29.8% within a 1-year period among the 5.4% of

© 2018 The Authors.

participants who were LTCFU for > 12 months and who
never returned [8]. This French cohort study described an
analysis which incorporated assumptions for mortality
among those LTCFU that resulted in a significantly
increased 1-year mortality rate among patients without
delayed access to care compared with an analysis per-
formed without correction for LTCFU (1.9% versus 0.6%,
respectively; P = 0.0012) [8]. However, for patients with
delayed access to care, the 1-year mortality rates were
not significantly different between analyses that did and
did not correct for LTCFU (7.8% versus 6.5%, respec-
tively; P = 0.29). A US cohort study reported that partici-
pants who were ever LTCFU for 12 months had only
modestly elevated mortality (1.2 times higher after
adjustment for confounders) compared with participants
who remained in care after 5 years, perhaps as a conse-
quence of re-engagement in HIV care outside the cohort
[16]. Finally, an Australian HIV-infected cohort study
reported no effect of a gap in care of 12 months or more
on mortality rates during the period 1999-2013, also
attributable at least in part to the availability of care out-
side of the cohort [3].

Results from our study are in contrast with these previ-
ously published findings. We observed a doubling of
mortality risk among OCS participants who were LTCFU,
despite the fact that 60% had HIV care (at least two HIV
care visits, 3 months apart) in the first year after LTCFU.
The stronger effect of LTCFU on mortality in our study
compared to other studies could be attributable to our
more stringent definition of LTCFU of no clinic visits for
a period of 18 months, rather than the 12-month period
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used by other studies. In general, higher mortality among
LTCFU participants may be attributable to sicker partici-
pants leaving the cohort, as evidenced by higher acute
care rates after LTCFU, or the loss of the social support
and medication adherence support from cohort participa-
tion [17]. The loss of established HIV primary care may
also contribute to revolving through ED visits, which has
been shown not to constitute high-quality care [18,19].

In a study of patients attending a regional HIV care
site in Alberta, Canada [17], 9% of 1928 patients seen
between 1 January 2010 and 31 August 2014 were
LTCFU for > 12 months. Only 20% of the LTCFU Alberta
patients received HIV care elsewhere in the province
compared to the 60% of OCS patients in our study who
received care in the first year after loss to follow-up.
LTCFU patients in Alberta had frequent visits to the ED.
The LTCFU rate from the Southern Alberta Clinic between
2001 and 2006 was reported as 12% [20]. The rate of
LTCFU from the Canadian Observational Cohort, a cohort
collaboration of clinical sites in British Columbia, Ontario
(including OCS) and Quebec, between 2000 and 2015 was
11% [9].

Strengths of our study include the large sample size,
the long duration of the study period and the comprehen-
siveness of the provincial health administrative databases.
Nevertheless, our research is subject to limitations.
Because we were unable to distinguish between individu-
als who were not receiving HIV care and those who had
moved out of the province, we only classified people as
having out-migrated if they had not received care for
7 years. Inclusion of person-time for out-migrants who
were not identified by this 7-year rule would result in an
underestimate of mortality rates for LTCFU participants,
making our results even more striking. The administrative
databases did not contain clinical HIV information (e.g.
adherence to antiretroviral therapy, CD4 counts or HIV
viral loads); thus, we were unable to compare these mark-
ers according to participation status. LTCFU participants
were less likely than active participants to have been
linked to administrative databases, which is likely to have
biased our results towards/away from the null depending
on whether sicker or healthier patients were more likely
to have agreed to have their records linked to administra-
tive data.

This approach and our findings may inform health
outcome estimates based on volunteer cohorts and
could be used for quantitative bias adjustment to cor-
rect for such biases. A consensus statement [21] regard-
ing preferred methods for presentation of longitudinal
studies with missing data [22] offers guidelines for the
conduct of sensitivity analyses when data are missing
not at random (MNAR). Statistical methods for handling

© 2018 The Authors.

missing data as a result of LTCFU include inverse prob-
ability weighting for the probability of censoring [23],
pattern mixture modelling [24] and selection models
[25]. Interpretation of sensitivity analyses requires a
sense of the plausibility of different imputation strate-
gies. Our study provides data on mortality and health
care utilization after LTCFU from a cohort study, which
will be useful for the conduct and interpretation of
sensitivity analyses making assumptions about partici-
pants who are LTCFU.
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Appendix 2:

Table A1 Characteristics of Ontario HIV Treatment Network Cohort
Study (OCS) participants at presentation to HIV care by loss to
cohort follow-up status

OCS participants

Active OCS lost to cohort
participants  follow-up
(N = 4389) (N=1179)
Variable n (%) n (%) P-value
Year of HIV care presentation
< 1992-1994 1443 (32.9) 524 (44.4) < 0.001
1995-1999 1045 (23.8) 377 (32.0)
2000-2004 823 (18.8) 147 (12.5)
2005-2009* <832 <130
2010-2014* < 255 <6
Age at HIV care presentation 37.11 (9.33) 35.47 (8.74) < 0.001

(years) [mean (SD)]

© 2018 The Authors.

Table A1 (Continued)

OCS participants

Active OCS lost to cohort
participants  follow-up
(N=4389) (N=1179)
Variable n (%) n (%) P-value
Age category at HIV care presentation
< 25 years 383 (8.7) 133 (11.3) < 0.001
26-35 years 1687 (38.4) 526 (44.6)
36-45 years 1529 (34.8) 363 (30.8)
46-55 years 617 (14.1) 125 (10.6)
> 56 years 173 (3.9) 32 (2.7)
Female 675 (15.4) 151 (12.8) 0.027
Neighbourhood income quintile
1 1389 (31.6) 361 (30.6) 0.231
2 898 (20.5) 239 (20.3)
3 758 (17.3) 193 (16.4)
4 617 (14.1) 175 (14.8)
5 649 (14.8) 177 (15.0)
Missing 78 (1.8) 34 (2.9)
Urban/rural
Major urban 3875 (88.3) 1038 (88.0) 0.122
Nonmajor urban 352 (8.0) 92 (7.8)
Rural 133 (3.0) 33 (2.8)
Missing 29 (0.7) 16 (1.4)
Immigrant status
Long-term resident 3767 (85.8) 1066 (90.4) < 0.001
immigrant, country 221 (5.0) 42 (3.6)
with generalized
HIV epidemic
immigrant, country 401 (9.2) 71 (6.0)
without generalized
HIV epidemic
Comorbidity (aggregated
diagnosis groups)
Missing (1991 and 1992) 798 (18.2) 294 (24.9) < 0.001
1-4 (low) 1067 (24.3) 279 (23.7)
5-9 (medium) 1645 (37.5) 395 (33.5)
> 10 (high) 879 (20.0) 211 (17.9)

*Suppressed because of small cell sizes.
SD, standard deviation.

References

1 Ndiaye B, Ould-Kaci K, Salleron J et al. Characteristics of
and outcomes in HIV-infected patients who return to care
after loss to follow-up. AIDS 2009; 23: 1786-1789.

2 Mocroft A, Kirk O, Aldins P ef al. Loss to follow-up in an
international, multicentre observational study. HIV Med
2008; 9: 261-269.

3 McManus H, Petoumenos K, Brown K et al. Loss to follow-up
in the Australian HIV Observational Database. Antivir Ther
2014; 20: 731-741.

4 Torian LV, Wiewel EW. Continuity of HIV-related medical
care, New York City, 2005-2009: do patients who initiate
care stay in care? AIDS Patient Care STDS 2011; 25: 79-88.

5 Fleishman JA, Yehia BR, Moore RD, Korthuis PT, Gebo KA.
Establishment, retention, and loss to follow-up in outpatient
HIV care. J Acquir Immune Defic Syndr 2012; 60: 249-259.

HIV Medicine (2019), 20, 88—98

HIV Medicine published by John Wiley & Sons Ltd on behalf of British HIV Association


http://www.ices.on.ca/DAS
http://www.ices.on.ca/DAS

98

CE Kendall et al.

10

11

12

13

14

Samet JH, Freedberg KA, Savetsky JB, Sullivan LM,
Padmanabhan L, Stein MD. Discontinuation from HIV
medical care: squandering treatment opportunities. J Health
Care Poor Underserved 2003; 14: 244-255.

Egger M, Spycher BD, Sidle J ef al. Correcting mortality for
loss to follow-up: a nomogram applied to antiretroviral
treatment programmes in sub-Saharan Africa. Bisson GP,
editor. PLoS Med 2011; 8: e1000390.

Lanoy E, Lewden C, Lievre L et al. How does loss to follow-up
influence cohort findings on HIV infection? A joint analysis of
the French hospital database on HIV, Mortalité 2000 survey
and death certificates. HIV Med 2009; 10: 236-245.
Patterson S, Cescon A, Samji H et al. Life expectancy of
HIV-positive individuals on combination antiretroviral
therapy in Canada. BMC Infect Dis 2015; 15: 274.
Shepherd BE, Blevins M, Vaz LME et al. Impact of definitions
of loss to follow-up on estimates of retention, disease
progression, and mortality: application to an HIV program in
Mozambique. Am J Epidemiol 2013; 178: 819-828.

May MT, Hogg RS, Justice AC et al. Heterogeneity in
outcomes of treated HIV-positive patients in Europe and
North America: relation with patient and cohort
characteristics. Ann Intern Med 2009; 155: 209-216.
Verguet S, Lim SS, Murray CJL, Gakidou E, Salomon JA.
Incorporating loss to follow-up in estimates of survival
among HIV-infected individuals in sub-Saharan Africa
enrolled in antiretroviral therapy programs. J Infect Dis
2013; 207: 72-79.

Rourke SB, Gardner S, Burchell AN et al. Cohort profile: the
Ontario HIV treatment network cohort study (0CS). Int J
Epidemiol 2013; 42: 402-411.

Antoniou T, Zagorski B, Loutfy MR, Strike C, Glazier RH.
Validation of case-finding algorithms derived from
administrative data for identifying adults living with human
immunodeficiency virus infection. PLoS One 2011; 6: €21748.

© 2018 The Authors.
HIV Medicine published by John Wiley & Sons Ltd on behalf of British HIV Association

15

18

20

21

22

23

24

25

The Johns Hopkins Adjusted Clinical Groups (ACG) System
[Internet]. Johns Hopkins University Press, 1997. Available at
http://acg.jhsph.org/ (accessed 8 Oct 2018).

Edwards JK, Cole SR, Westreich D et al. Loss to clinic and
five-year mortality among HIV-infected antiretroviral
therapy initiators. PLoS One 2014; 9: e102305.

Connors WJ, Krentz HB, Gill MJ. Healthcare contacts among
patients lost to follow-up in HIV care: review of a large
regional cohort utilizing electronic health records. Int J STD
AIDS 2017; 28: 1275-1281.

Frandsen BR, Joynt KE, Rebitzer JB, Jha AK. Care
fragmentation, quality, and costs among chronically ill
patients. Am J Manag Care 2015; 21: 355-362.

Gallant JE, Adimora AA, Carmichael JK et al. Essential
components of effective HIV care: a policy paper of the HIV
Medicine Association of the Infectious Diseases Society of
America and the Ryan White Medical Providers Coalition.
Clin Infect Dis 2011; 53: 1043—1050.

Gill MJ, Krentz HB. Unappreciated epidemiology: the churn
effect in a regional HIV care programme. Int J STD AIDS
2008; 20: 540-544.

Little RJ, D’Agostino R, Cohen ML et al. The prevention and
treatment of missing data in clinical trials. N Engl J Med
2012; 367: 1355-1360.

Ware JH, Harrington D, Hunter DJ, D’Agostino RB. Missing
data. N Engl J Med 2012; 367: 1353—1354.

Schomaker M, Gsponer T, Estill J, Fox M, Boulle A. Non-
ignorable loss to follow-up: correcting mortality estimates
based on additional outcome ascertainment. Stat Med 2014;
33: 129-142.

Sterba SK. Pattern mixture models for quantifying missing
data uncertainty in longitudinal invariance testing. Struct
Equ Model A Multidiscip J 2017; 24: 283-300.

Schafer JL, Graham JW. Missing data: our view of the state
of the art. Psychol Methods 2002; 7: 147—-177.

HIV Medicine (2019), 20, 88—98


http://acg.jhsph.org/

