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ABSTRACT

Objectives To evaluate the association between
immigration status and all-cause mortality in different
disease cohorts, and the impact of loss to follow-up on the
observed associations.

Design Population-based retrospective cohort study using
linked administrative health data in Ontario, Canada.
Setting We followed adults with a first-ever diagnosis of
ischaemic stroke, cancer or schizophrenia between 2002
and 2013 from index event to death, loss to follow-up, or
end of follow-up in 2018.

Primary and secondary outcome measures Our
outcomes of interest were all-cause mortality and loss to
follow-up. For each disease cohort, we calculated adjusted
HRs of death in immigrants compared with long-term
residents, adjusting for demographic characteristics and
comorbidities, with and without censoring for those who
were lost to follow-up. We calculated the ratio of two the
HRs and the respective CL using bootstrapping methods.
Results Immigrants were more likely to be lost to follow-
up than long-term residents in all disease cohorts. Not
accounting for this loss to follow-up overestimated the
magnitude of the association between immigration status
and mortality in those with ischaemic stroke (HR of death
before vs after accounting for censoring: 0.78 vs 0.83,
ratio=0.95; 95% CL 0.93 to 0.97), cancer (0.74 vs 0.78,
ratio=0.96; 0.95 to 0.96), and schizophrenia (0.54 vs 0.56,
ratio=0.97; 0.96 to 0.98).

Conclusions Immigrants to Canada have a survival
advantage that varies by the disease studied. The
magnitude of this advantage is modestly overestimated

by not accounting for the higher loss to follow-up in
immigrants.

INTRODUCTION

Studies  from  high-income  countries,
including Canada, have shown that immi-
grants have a lower mortality compared with
host populations.'™ This immigrant health
advantage has been observed not only for all-
cause mortality, but also for cardiovascular®
and cancer mortality,” and for the incidence

Strengths and limitations of this study

» This is the first study in Canada to compare the rates
of loss to follow-up in a population-based sample
of immigrants and long-term residents with stroke,
cancer or schizophrenia.

» Using appropriate statistical analyses, we compared
the hazard of mortality, adjusted for confounders,
between immigrants and long-term residents with
and without accounting for loss to follow-up.

» Loss to follow-up was determined using adminis-
trative data definitions which may not be complete.

» Long-term residents consisted of Canadian born and
those who migrated before 1985, limiting generalis-
ability of the findings to all immigrants.

of non-communicable chronic conditions
such as cardiovascular disease,6 cancer’ and
schizophrenia.8

This phenomenon has been termed the
healthy immigrant effect, and is partly attributed
to a selection bias whereby only those who
are healthy and have human capital are
able to migrate.” ' However, another poten-
tial explanation for the observed immigrant
health advantage is a phenomenon termed
the salmon effect, whereby immigrants return
to their home countries when they are gravely
ill."! Thus, they are lost to follow-up and not
accounted for in studies that rely on mortality
statistics that do not record emigration.'
Such lack of complete follow-up was identi-
fied in a large-scale meta-analysis on immi-
grant mortality in which none of the included
96 studies accounted for loss to follow-up
and only 29 (28%) studies identified loss
to follow-up as an issue." Previous work in
both observational studies and randomised
controlled trials has shown that unbalanced
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loss to follow-up in two comparison groups can lead to
biased estimates of association.'*'?

The aims of this study were to use linked population-
based data from Ontario, Canada to evaluate the associ-
ation between immigration status and all-cause mortality
after a new diagnosis of ischaemic stroke, cancer, or
schizophrenia, to quantify loss to follow-up in immigrants
compared with long-term residents, and to determine
how accounting for loss to follow-up influences the associ-
ation between immigration status and all-cause mortality
in each disease cohort.

METHODS

Patient and public involvement statement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research

Setting and population

Ontario is Canada’s most populous province, with an esti-
mated population of 14million.'® In 2016, approximately
3.8 million immigrants were living in Ontario, accounting
for about 30% of the total population.17 All residents of
Ontario (except for undocumented migrants and those
visiting) are covered by the provincial health plan that
includes physician services, hospital and emergency care,
and investigations ordered by physicians. The linked
administrative databases in Ontario capture all health-
care system contacts of insured Ontario residents.

We created three separate incident disease cohorts
of ischaemic stroke, primary cancer and schizophrenia
using validated case definitions for incidence during an
ascertainment period of 1 April 2002 to 31 March 2012
(online supplemental e-table 1). We focused on these
three diseases because they are chronic conditions associ-
ated with high morbidity that require regular healthcare
system contact (which is captured in administrative data-
bases) following the diagnosis, and because management
of these conditions may benefit from family and social
supports, which can be a factor in emigration. We iden-
tified patients with ischaemic stroke using the Ontario
Stroke Registry which is a province-wide registry that
includes data on a random sample of consecutive patients
seen at over 150 hospitals in Ontario." Data collection
for the registry was performed by chart abstractors with
neurological expertise, with the final diagnosis and other
data elements obtained through review of clinical and
neuroimaging data. We identified patients with a diag-
nosis of a primary malignant cancer from the Ontario
Cancer Registry, a population-based registry, which
is created by combining information from discharge
and day surgery summaries, pathology reports with any
mention of cancer, or records of patients referred to
specialised institutions treating patients with cancer in
Ontario."” It captures approximately 95% of all cancer
diagnoses in the province.'"” We identified patients with
schizophrenia based on a validated algorithm whereby a

diagnosis of schizophrenia was made if the patient had
one or more hospital admissions and/or three or more
outpatient visits with a diagnosis of schizophrenia or schi-
zoaffective disorder.”’

Within each disease cohort, we excluded prevalent
cases if they had a diagnosis of the specific disease prior
to 1 April 2002. If patients had multiple cohort-defining
events during the ascertainment period, only information
at the time of the first cohort-defining event was recorded.
We excluded patients who were younger than 18 years or
older than 104 years at the time of the index event, those
who resided in long-term care homes at the time of the
index event, and those who resided in rural areas (popu-
lation <10000) because most immigrants (>95%) reside
in large urban areas.

Using unique identifiers, we linked these cohorts to
population-based data held securely at ICES (formerly
known as the Institute for Clinical Evaluative Sciences),
Toronto. ICES is a prescribed entity under the Ministry
of Health and Long-Term Care where Ontario’s public
health services data sets are stored, linked and used for
research. We obtained information on neighbourhood-
level income (in quintiles) based on the postal-code files,
and on previous diagnoses of hypertension,21 diabetes,*
chronic obstructive pulmonary disease (COPD),* conges-
tive heart failure (CHF)** and atrial fibrillation® using
validated case definitions (online supplemental e-table

1).

Exposure and outcomes

Our exposure of interest was immigration status obtained
from the Ministry of Immigration, Refugee and Citi-
zenship (IRCC) Permanent Resident Database which
collected information on all immigrants who arrived in
Ontario after 1985. As information on immigration status
was only available after 1985, we classified individuals
born outside of Canada who arrived in Ontario after 1985
as immigrants, and those born in Canada or those who
were born outside of Canada but arrived before 1985 as
long-term residents.

Our primary outcome was death from any cause, which
was obtained from the death registry along with the date
of death. We set the end date of follow-up as 31 March
2018.

We determined each person’s date of last contact with
the health system by using administrative databases to
identify any contact with healthcare system such as a visit
to a doctor’s office, refill of prescriptions (in those over
65 years), hospitalisation or emergency visits, receipt of
home care, or admission to a rehabilitation facility (online
supplemental e-table 2) until 31 January 2020, the latest
date for which information from the administrative data-
bases was available. The healthcare system contact could
be for any reason, and not pertaining to the index diag-
nosis alone. Those who were not recorded as dying prior
to 31 March 2018 (end date of follow-up), and who had
their last health system contact prior to this date were
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flagged as lost to follow-up at the date of last health system
contact (online supplemental e-figure 1).

Statistical analyses

Analyses were conducted separately in each disease
cohort. We compared baseline characteristics between
immigrants and long-term residents within each disease
cohort using the % test for categorical variables and the
Wilcoxon rank sum test for continuous variables.

We used the time of the index diagnosis as time zero.
We estimated unadjusted cumulative incidence functions
for death and loss to follow-up in immigrants and long-
term residents, separately. We developed multivariable
cause-specific hazards models to estimate the adjusted
HR of loss to follow-up in immigrants compared with
long-term residents accounting for death as a competing
event, and adjusting for age, sex, neighbourhood-level
income, hypertension, diabetes, COPD, CHF and atrial
fibrillation.

We then fit two multivariable Cox proportional hazards
models to estimate the adjusted HR of death in immi-
grants compared with long-term residents, adjusting for
demographic information and chronic conditions as
before. In the first model, which did not account for loss
to follow-up, we censored individuals only on 31 March
2018. In the second model, which accounted for loss to
follow-up, we censored individuals on the first of either
31 March 2018, or the date of last health system contact.

We then calculated a ratio of the two adjusted HRs
obtained from these two models and calculated 95% CLs
around this ratio using percentile-based bootstrapping
methods and 1000 bootstrap samples. If the CLs for the
ratio included 1, it would suggest that there is no statis-
tical difference between the adjusted HRs obtained with
and without accounting for loss to follow-up. The direc-
tion and magnitude of the difference between two HRs
can be inferred based on the ratio, with values under 1
suggesting overestimation of the association between
immigration status and mortality when not accounting
for loss to follow-up. We similarly obtained adjusted HRs
of death for each covariate in the multivariable models
using two separate models, with and without accounting
for loss to follow-up. Using the methods described above,
we also evaluated whether the association between other
covariates and mortality changed after accounting for loss
to follow-up. All analyses were conducted using SAS V.9.4
Copyright 2002-2012 by SAS Institute.

Sensitivity analyses

We redefined the date of last healthcare system contact
as the recorded date plus 180 days to account for patients
who may not interact with healthcare system for up to 6
months (online supplemental e-figure 2) and then recal-
culated the adjusted hazard of death accounting for loss
to follow-up for each disease cohort. We chose a lag-time of
6 months because all patients in this study had a chronic
condition that would typically require follow-up within
this time frame.

To evaluate how the association between immigration
status and mortality would change if those lost to follow-up
had died, we recalculated the adjusted hazard of death
in immigrants compared with long-term residents in two
hypothetical scenarios in which patients, irrespective of
their immigration status, were considered to have died
at 30 days or lyear following their last recorded health
system contact.

RESULTS

The total study sample included 389777 people (9.7%
immigrants). Of these, 24557 had ischaemic stroke,
310529 had cancer and 54691 had schizophrenia
(figure 1). A greater proportion of patients with schizo-
phrenia were immigrants (17.4%) compared with those
with ischaemic stroke (8.5%) or cancer (8.4%) (table 1).
Irrespective of the underlying diagnosis, immigrants were
younger at the time of the diagnosis and more likely to
reside in a low-income neighbourhood compared with
long-term residents (table 1). Other characteristics of
the study cohorts are shown in table 1 and online supple-
mental e-table 3.

During a median follow-up of 7 years, 13667 people
(3.5%) were lost to follow-up across the three disease
cohorts. A greater proportion of patients with schizo-
phrenia were lost to follow-up (9.1%) than patients with
ischaemic stroke (2.7%) or cancer (2.6%) (table 2).
Immigrants were more likely than long-term residents
to be lost to follow-up in all disease cohorts (table 2 and
figure 2); however, the magnitude of association between
immigration status and loss to follow-up was greater in
patients with ischaemic stroke (HR 2.87; 95% CI 2.38 to
3.44) and cancer (HR 3.07; 95% CI 2.91 to 3.23) than
schizophrenia (HR 1.54; 95% CI 1.44 to 1.64; table 2).

During 2.7million person years of follow-up, 176301
deaths were recorded across the three disease cohorts.
The crude mortality rate was highest in patients who had
an ischaemic stroke (95.3 per 1000 person years) followed
by cancer (76.8 per 1000 person year) and schizophrenia
(13.7 per 1000 person years). In all three disease cohorts,
the unadjusted hazard of mortality was lower in immi-
grants compared with long-term residents (table 2 and
figure 2). This remained true even after adjusting for
baseline differences in age, comorbidity and area-level
socioeconomic status, with an adjusted HR of death in
immigrants compared with long-term residents of 0.78
(95% CI 0.73 to 0.84) in patients who had an ischaemic
stroke, an HR of 0.74 (95% CI 0.73 to 0.76) in patients
with cancer, and an HR of 0.54 (95% CI 0.50 to 0.59)
in patients with schizophrenia (table 2). The magnitude
of the mortality advantage in immigrants compared with
long-term residents attenuated after accounting for loss
to follow-up, with adjusted HR of death in immigrants
compared with long-term residents of 0.83 (95% CI 0.77
to 0.89) for ischaemic stroke, 0.78 (95% CI 0.76 to 0.79)
for cancer, and 0.56 (95% CI 0.51 to 0.61) for schizo-
phrenia (table 2).
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Study period

April 1, 2002 to March 31, 2012

Ischemic stroke
n = 30,126

Cancer
n = 381,625

A

Schizophrenia
n = 68,033

N = 474,291

Exclude if had another cohort-defining event before index event (n = 1437)

l

N = 451,956

Exclude if residing in long-term care home in the prior 5 years or
age at cohort-entry is less than 18 years or more than 104 years (n = 22,335)

l

N = 389,777

Exclude if residing in rural Ontario i.e., population < 10,000 (n = 62,179)

—

Ischemic stroke
n = 24,557

N\

Cancer
n =310,625

N

,\

Schizophrenia
n = 54,691

a

Immigrants
n = 2078 (8.5)

Long-term residents
n = 22,479 (91.5)

Immigrants
n = 26,084 (8.4)

Long-term residents
n = 284,445 (91.6)

Immigrants
n = 9525 (17.4)

Long-term residents
n = 45,166 (82.6)

Median follow-up =7 years

l l l

death Death Death
n =796 (35.4) n=12,575 (55.9) n=9014 (34.6)

Lost to follow-up
n =158 (7.6)

Lost to follow-up
n=512(2.3)

Lost to follow-up
n=2016 (7.7)

Figure 1

The ratio of the two adjusted HRs obtained using
models with and without accounting for loss to follow-up
was 0.95 (95% CL 0.93 to 0.97) for ischaemic stroke, 0.96
(95% CL 0.95 to 0.96) for cancer and 0.97 (95% CL 0.96
to 0.98) for schizophrenia, suggesting that notaccounting
for loss to follow-up overestimated the mortality advan-
tage in immigrants in all cohorts (figure 3). This is
equivalent to a relative change in the HR of death (in
immigrants vs long-term residents) of 5% for ischaemic
stroke, 4% for cancer and 3% for schizophrenia. The
effect of not accounting for loss to follow-up on the asso-
ciation between other covariates and mortality is shown
in figure 3.

Sensitivity analyses

Using a lag time of 6 months in determining the date of
last healthcare system contact, to account for patients who
have less frequent contact with the healthcare system, did
not alter the association between immigration status and

n= 146,723 (51.6)

Lost to follow-up

l l l

Death Death Death
n =546 (5.7) n = 6647 (14.7)

Lost to follow-up
n=1238 (13.0)

Lost to follow-up

n= 5995 (2.1) n = 3748 (8.3)

Cohort selection and follow-up. Footnote: values in parenthesis represent proportion.

mortality for any disease cohort (online supplemental
e-table 4).

In hypothetical scenarios in which, irrespective of immi-
gration status, patients lost to follow-up were considered
to be dead at 30 days and 1year after loss to follow-up, the
healthy immigrant advantage was eliminated in patients
with schizophrenia and attenuated in patients who had
an ischaemic stroke and cancer (table 2).

DISCUSSION

In this study using linked population-based data on over
380000 patients with a new diagnosis of ischaemic stroke,
cancer and schizophrenia, we demonstrated that immi-
grants have a survival advantage but are also more likely
to be lost to follow-up compared with long-term residents,
with variations in the magnitude of both the mortality
advantage and the proportion lost to follow-up across
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Table 1
or schizophrenia between 2002 and 2012 in Ontario, Canada

Baseline characteristics in immigrants and long-term residents with a first-ever diagnosis of ischaemic stroke, cancer

Ischaemic stroke Cancer Schizophrenia
Long-term Long-term Long-term
Immigrants residents Immigrants residents Immigrants residents
2078 (8.5) 22479 (91.5) 26084 (8.4) 284445 (91.6) 9525 (17.4) 45166 (82.6)
Female, n (%) 982 (47.3) 10697 (47.6) 13602 (52.1) 130324 (45.8) 4346 (45.6) 19943 (44.2)
Median age in years at 68 (55-78) 74 (63-82) 58 (48-70) 67 (58-76) 34 (25-45) 40 (26-53)
index event (Q1-Q3)
Neighbourhood-level income, n (%)
Lowest quintile (first) 668 (32.1) 5043 (22.4) 7041 (27.0) 50044 (17.6) 3803 (39.9) 13525 (29.9)
Highest quintile (fifth) 201 (9.7) 4330 (19.3) 3326 (12.8) 62667 (22.0) 734 (7.7) 6434 (14.2)
Hypertension, n (%) 1420 (68.3) 16046 (71.4) 11120 (42.6) 152177 (53.5) 1165 (12.2) 8253 (18.3)
Diabetes, n (%) 727 (35.0) 6495 (28.9) 4850 (18.6) 53444 (18.8) 737 (7.7) 4178 (9.3)
Congestive heart failure, 258 (12.4) 3728 (16.6) 878 (3.4) 20721 (7.3) 59 (0.6) 807 (1.8)
n (%)
COPD, n (%) 111 (5.3) 2547 (11.3) 1023 (3.9) 31745 (11.2) 60 (0.6) 1494 (3.3)
Atrial fibrillation, n (%) 243 (11.7) 3786 (16.8) 777 (3.0) 19278 (6.8) 34 (0.4) 525 (1.2)

COPD, chronic obstructive pulmonary disease.

the disease groups studied. Not accounting for loss to
follow-up overestimated the immigrant health advantage.

Our finding of lower mortality in immigrants compared
with long-term residents who had a stroke, cancer
and schizophrenia is consistent with previous studies,
including a large-scale meta-analysis of over 15.2million
immigrants across 92 countries."” Potential explanations
for lower mortality in immigrants include self-selection
of immigrants based on health prior to migration,” a
healthier lifestyle in immigrants® and return migration.*®
We found that immigrants with schizophrenia had the
greatest mortality advantage compared with those who
had an ischaemic stroke or cancer. Possible explana-
tions include the relatively younger age of immigrants
and long-term residents with schizophrenia, variations
in disease-specific healthcare provision in immigrants
compared with long-term residents,” * or other unmea-
sured confounders. While certain immigrant subgroups
such as refugees or asylum seekers may be at increased
risk of poor mental health outcomes® and mortality,”
the magnitude of the mortality advantage in immigrants
with schizophrenia observed in our study is consistent
with previous reports of lower suicide rates in immigrants
compared with long-term residents across different ethnic
groups in the USA™ and in Canadian youth.*

In our study, loss to follow-up could be explained by
either emigration from the province or by failure to access
the healthcare system while remaining in the province.
Since the medical conditions included in our cohorts
typically require ongoing care, it is likely that emigra-
tion rather than failure to access the healthcare system
accounts for the majority of the loss to follow-up in our
study. Although our study does not provide information
on the ultimate destination of those emigrating, return

to a home country and family supports at the end of life
(the so-called salmon effect) has been described in immi-
grants with chronic conditions with physical healthcare
needs such as ischaemic stroke or cancer.” * In contrast,
those with schizophrenia may have less contact with the
healthcare system because of their relatively young age or
because of challenges in access related to mental illness,
and may be less likely to return to their home country
because of stigma related to mental health diagnoses in
some countries of origin.37 % Our study did not allow us
to determine whether loss to follow-up varied with disease
severity, and previous studies have yielded inconsistent
findings. For example, higher comorbidity in Denmark
was associated with lower rates of emigration in immi-
grants whereas self-reported poor health in the USA was
associated with higher rates of emigration in Mexican
immigrants.39 0

Because immigration status was directly related to
the censoring event, loss to follow-up, we found that
accounting for loss to follow-up altered the magnitude of
the association between immigration status and mortality.
Thus, previous estimates of the mortality advantage in
immigrants that have relied on death statistics alone and
did not account for loss to follow-up may have overesti-
mated the immigrant health advantage.” > *' Consistent
with this, a study from England and Wales found that
although there was an immigrant mortality advantage,
the magnitude of the association between immigration
status and mortality was lower in all three hypothetical
scenarios of immigrants’ exits out of the country.”” We
found that accounting for loss to follow-up did not change
the magnitude of the association between mortality and
other variables of interest included in the multivariable
models, except for older age in the ischaemic stroke and
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Figure 2 Unadjusted cumulative incidence functions in

immigrants (blue) and long-term residents (red) showing

probabilty of death and of loss to follow-up in patients with

ischaemic stroke (top), cancer (middle) and schizophrenia
(bottom).

cancer cohorts. This suggests that studies using admin-
istrative health data to evaluate the association between
other covariates (sex, income or comorbidities) and
mortality could yield adequate results even if they fail to
account for loss to follow-up.

Our study is strengthened by the use of comprehensive
administrative databases that allowed us to identify loss of
health system contact in three separate chronic disease
cohorts. The findings are likely to be generalisable to
other jurisdictions with immigrant populations and to

other disease conditions not included in this study, but
the magnitude of bias may vary depending on the disease
condition, healthcare jurisdiction, and immigrant-related
variables (country of origin, time since immigration or
immigration class).

Some limitations merit discussion. We were only able to
define people as immigrants based on their immigration
records, and because these were collected systematically
only after 1985, immigrants who arrived prior to 1985
had to be classified as long-term residents. We did not
have information on factors such as physical activity* and
smoking,** or other chronic conditions that may be asso-
ciated with mortality, and we did not have information
specific to each disease condition such as disease severity,
disability, response to treatment, or palliative care status,
all of which could influence mortality. Because we only
included people with a known medical condition, we
are unable to comment on patterns of loss to follow-up
in healthy immigrants and long-term residents. We used
area-level income as a proxy for socioeconomic status, and
recognise that this may not reflect individual level income
or other measures of socioeconomic status such as wealth,
education, or occupation. We also assumed that loss of
health system contact equated to patients leaving the
healthcare jurisdiction rather than reflecting an excellent
recovery negating the need for ongoing medical manage-
ment. However, the misclassification introduced by this
assumption should not vary based on immigration status.
In addition, we assumed that, at least in immigrants, loss
to follow-up was likely to be due to emigration to their
home countries rather than to other parts of Canada
or onwards to other regions of the world. A study from
the IRCC found that only 9% of immigrants who landed
in Ontario between 1991 and 2006 had moved to other
provinces by 2006.* Lastly, movement of individuals in
and out of a healthcare jurisdiction is a dynamic process,
and those who emigrate can return. If such individuals
return after the end date of follow-up, they could be
falsely censored at the date of their emigration.

This study highlights the lower mortality in immigrants
compared with long-term residents previously observed
in other studies, but also demonstrates that inadequate
handling of loss to follow-up can lead to biased esti-
mates of the immigrant health advantage, as immigrant
deaths may not be captured if immigrants return to their
home region when gravely ill. Based on these findings,
we recommend that future studies comparing mortality
and other long-term outcomes in immigrants and non-
immigrants carefully record loss to follow-up in both
groups, quantify it, and account for it using appropriate
methodology. When this information is not available,
other measures could include use of updated postal code
files during follow-up,*® measuring outcomes in the short
term, or assuming specific rates of emigration based on
previous reports. Future research could evaluate reasons
for the variation in the magnitude of the association
between immigration status and mortality based on the
disease cohort, and evaluate the association between
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accounting for loss to follow-up. Each box represents the point estimate of this ratio, and the error bars represent 95%

CLs. Values less than 1 suggest overestimation of the magnitude of association when loss to follow-up is not accounted for.
Footnote: immigrants are compared with long-term residents; age less than 55 years is the comparison group; and the fifth
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income. COPD, chronic obstructive pulmonary disease.

immigration-specific (immigration class, country of
origin and time since immigration) and disease-specific
(severity, palliative status and disease-related disability)
factors and loss to follow-up.
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