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ABSTRACT
Chronic kidney disease is a widespread public health concern that is largely affected by social
determinants of health. Social determinants of health are non-medical factors that play a role in
the health of an individual. An under-explored social determinant of health in relation to kidney
disease is immigrant status. A “healthy immigrant effect”, whereby immigrants experience a
health advantage compared to non-immigrants, has previously been reported in relation to other
health conditions such as heart disease and diabetes but has never been studied in regard to
kidney disease. The link between immigrant status and the development of kidney disease
remains poorly understood. On one hand, immigrant populations are often negatively affected by
social factors such as poverty, food insecurity, and housing instability, all of which have been
linked to worse kidney health outcomes. However, on the other hand, a “healthy immigrant
effect”, referring to a reduced prevalence of age-related disease among immigrants compared to
their non-immigrant counterparts, has previously been demonstrated with other chronic diseases
such as cardiovascular disease, diabetes, and dementia. To better understand the association
between immigrant status and kidney disease, we herein conducted a population-based cohort
study to compare the incidence of early-stage CKD among immigrants versus non-immigrants in

Ontario, Canada.

We begin by taking a look at the burden of kidney disease, how it is measured, and how it is
viewed in the context of immigrant status. Next we conducted a population-level, observational
cohort study of all adult (=18 years of age) Ontario residents, including foreign-born immigrant
Canadian citizens and non-immigrant Canadian citizens by birth, with normal baseline kidney
function (outpatient estimated glomerular filtration rate [eGFR] =270 mL/min/1.73m2) between
April 1, 2007 and September 30, 2020 utilizing provincial health administrative data from ICES.

Utilizing this data we had two main objectives:



1) To determine the incidence of early-stage chronic kidney disease, defined by an estimated
glomerular filtration rate (eGFR) measurement less than or equal to 60 mL/min/1.73m2, in

Canadian Immigrants compared to their non-immigrant counterparts.

2) To examine the association of more severe forms of kidney disease; a 40% reduction in eGFR

or kidney failure, in Canadian immigrants vs. non-immigrants.

Within both objective one and two we also examine how refuges status, landing date and world-
region of origin influence the association the association between immigrant status and incident

CKD.

In study 1 we found that there was about a 20% reduction (adjusted HR 0.80 [95% CI 0.80-0.81])
in incident CKD risk in immigrants vs. non-immigrants after adjusting for confounders. In study 2
we found that there was about a 30% reduction (adjusted HR 0.70 [95% CI 0.69-0.71]) in
composite end-stage kidney disease outcome risk in Canadian immigrants vs. non-immigrants.
These trends persisted through sensitivity analyses. Additionally, both recent and remote

immigrants had reduced CKD risk compared to non-immigrants in study 1 and 2.
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CHAPTER 1: OVERVIEW AND OBJECTIVES

Problem

Chronic Kidney Disease (CKD) is a widespread public health concern, impacting the lives of
many (1). Roughly 1 in 10 Canadians are diagnosed with kidney disease and the number of
individuals battling end-stage kidney disease (ESKD) has grown by 35% since 2009 (2). On a
global scale, it is estimated that nearly 700 million people around the world are living with
chronic kidney disease (3). Patients have more favourable health outcomes when the disease is
detected in its early stages before progressing to a chronic condition, but early-stage kidney
disease is typically asymptomatic and requires laboratory tests for accurate identification (4).
Since there is a high rate of morbidity and mortality researchers have taken significant interest
in cultivating a growing number of medications to slow down the progression of kidney disease
(e.g., angiotensin converting enzyme (ACE) inhibitors, angiotensin Il receptor blockers (ARBS),
sodium-glucose co-transporter-2 (SGLT2) inhibitors, mineralocorticoid receptor antagonists,
etc.) (5). In addition to being highly prevalent, chronic kidney disease is strongly associated with

increased cardiovascular disease and hypertension risk (6).

Most research on CKD focuses on traditional risk factors such as age, hypertension, diabetes,
and cardiovascular disease. (7—10). However, traditional risk factors do not predict CKD risk in
its entirety. Recently the World Health Organization has deemed the Social Determinants of
Health (SDoH) — non-medical factors that influence health outcomes - to be a major public
health concern (WHO). In the 3.9 million Canadians living with CKD, SDoH such as, immigrant
status, income level and social environment are increasingly recognized as key factors in CKD
risk, progression, and onset of comorbidities (11). The link between immigrant status and kidney
disease is presently under-researched and not yet well understood. From one perspective, an

individual could say that immigrants have a higher propensity for more adverse social

determinants of health such as lower income levels, housing instability, food insecurity, etc.,
1



(12). Refugee immigrants tend to have even worse SDoH’s, being more prone to imprisonment,
criminalization, rape, and stressful migration which can negatively impact both their physical and
mental health &i(12). However, from another perspective one might advocate for a “Healthy
Immigrant Effect” in which immigrants tend to have better overall health and are less prone to

chronic conditions than the native citizens of the destination country.

Canada takes great pride in being an immigrant and refugee friendly country which received
471, 771 permanent immigrants and 804,901 non-permanent residents (13). The country strives
to be a cultural mosaic, welcoming and encouraging various cultures to co-exist in one setting).
Many immigrants enter Canada with similar or even better self-reported health than the general
Canadian population. This is often due to the self-selection process of immigration that favors
individuals with higher education and high-quality skills that will assist them in filling in demand
jobs and bring value to the country (14). Additionally, immigrants may display positive self-
selection in which those with better health conditions such as a healthy diet, physically active/fit,
does not smoke etc., choose to migrate. A caveat of the “healthy immigrant effect” is that the
health of immigrants often declines with their length of stay in the country as immigrants adopt

more of the unfavourable lifestyle habits of individuals in the destination country (15).

Purpose and Rationale

The purpose of this thesis is to assess chronic kidney disease in immigrants compared to non-
immigrants in Ontario, Canada. Firstly, we will determine the incidence of early CKD (eGFR <
60 ml/min) in Immigrants compared to non-immigrants. Secondly, we will determine the
association of immigrant status and more severe forms of kidney disease, CKD progression and
kidney failure, relative to non-immigrants. Our findings will help inform prevention, and

monitoring strategies among immigrant populations in the Canadian landscape.

Study Obijectives
There are two main study objectives:



1) To determine the incidence of early-stage chronic kidney disease, defined by an
estimated glomerular filtration rate (eGFR) measurement less than or equal to 60
mL/min/1.73m?, in Canadian Immigrants compared to their non-immigrant counterparts.
We will also examine how refuges status, landing date and world-region of origin

influence the association the association between immigrant status and incident CKD.

2) To examine the association of more severe forms of kidney disease; a 40% reduction in
eGFR or kidney failure, in Canadian immigrants vs. non-immigrants. We will also
examine the role of refugee status, landing date and world region of origin in this

association.

Thesis outline

Chapter 2 will provide a background literature review on the intersection of CKD epidemiology
and the social determinants of health (SDoH) focusing on immigrant status. Chapter 3 presents
objective 1 — the incidence of an eGFR<60mL/min/1.73m?in immigrants to non-immigrants titled
“Incident Chronic Kidney Disease Among Canadian Immigrants: A population-based cohort
study”. Chapter 4 presents objective 2 examining how the exposure “immigrant status”
influences an eGFR decline of 40% and kidney failure in a study entitled “Incident eGFR decline
and kidney failure among Canadian Immigrants: A population-based cohort study”. Chapter 5
will summarize these findings as well as a discussion of our studies strengths, limitations, and

future directions.



CHAPTER 2: BACKCGROUND

Measuring Kidney Function and Defining Kidney Disease

Kidney disease is a type of medical dysfunction in which the kidneys are damaged,
hindering their ability to filter blood optimally. Kidney Disease: Improving Global Outcomes
(KDIGO) defines CKD as kidney damage or glomerular filtration rate (GFR) <60mL/min/1.73m?
for 3 or more months, irrespective of cause (4). The presence of albuminuria, clinically defined
as an albumin-creatinine ratio >30mg/g in two of three urine spot measurements is used as an
indicator of kidney damage (4). This results in excess waste and fluid that the kidneys should
have removed from the blood to remain in the body which may then cause other health
complications such as heart disease and stroke (16). Structural abnormalities (even if GFR is
>60mL/min/1.73m?) may also be used to define CKD such as hematuria/leukocyturia, changes
in renal imaging, renal tubular disorders, albuminuria, and a history of kidney transplantation (6).
The final and most severe stage of kidney disease is kidney failure, also known as end-stage
kidney disease (ESKD; eGFR 15 ml/min or less). ESKD is a medical condition in which an
individual’s kidneys fail to filter blood efficiently enough for them to be able to survive without a

kidney transplant or dialysis (16).

The current body of literature based on a series of clinical trials, meta-analyses of cohorts, and
simulations of trial designs and analytical methods suggests that an eGFR decline of 30% over
2 to 3 years may be an acceptable biomarker for severe kidney disease (17). However, the
National Kidney Foundation and Food and Drug Administration concluded that a 40% reduction
in eGFR, corresponding to a 1.5-fold increase in serum creatinine level, represents an even

more widely applicable approach to representing severe kidney disease (18).

Burden of Kidney Disease
CKD is an increasingly recognized chronic iliness, affecting approximately 4 million Canadians
(19) with roughly 50,000 Canadians combating end-stage kidney disease (42% are receiving a

functional kidney transplant and 58% are on dialysis for treatment (2,19). In the United States

4



the Centers for Disease Control (CDC) estimates that 15% of Americans have CKD (20). On a
global scale, nearly 700 million people around the world (8.9%) have CKD, it is a disease
impacting the lives of many (3). CKD is especially common in diabetics and is a large
contributor to disability-adjusted life-years (DALY) (3). In 2017 diabetic nephropathy accounted
for nearly a third of DALY (3). Additionally, CKD is associated with an increased risk of
cardiovascular disease, hypertension, death, and morbidity (6). Data from 2013 revealed that
CKD was associated with 4% of deaths worldwide (2.2 million deaths) (6). Of these deaths, 0.96
million were related to kidney failure while cardiovascular diseases were the cause of more than

half of these deaths (21).

Immigrant Status and Kidney Disease

Canada has one of the highest immigration rates in the world. Nearly a quarter of individuals
residing in Canada are immigrants and about 45% of immigrants to Canada settle down in
Ontario each year (13,22). Many present-day Canadian immigrants are racialized and often face
implicit or overt bias and micro-and-macro aggressions even in the health-sector which could
impact their health outcomes often leading to greater risk of CKD progression relative to white
counterparts (23-25). In a study examining the prevalence of ESKD in Ontario immigrants vs.
long-term residents, the immigrants with ESKD were found to be younger, and have a larger
proportion in the lowest income quintile than their long-term resident counterparts(26). Refugee
immigrants — those who have been forced to flee their home country due to violence, war, or
persecution, along with those residing in Canada without legal immigrant status such as those

on temporary work permits and student visa’s often face elevated stress levels, housing

instability, and reduced social support adversely affecting their physical and mental health (27).
However, in Canada healthcare is government funded providing healthcare access to all
residents. All 10 provinces in Canada have universal healthcare insurance plans which cover
physician care and hospitalization (28). The federal government covers 20-30% of the total

healthcare cost while the provinces are responsible for contributing the remaining balance,



ensuring adequate delivery of care, and administering funds (29).

One may automatically predict Canadian immigrants to have worse health outcomes than non-
immigrants, however, the “healthy immigrant effect” suggests the contrary. As aforementioned
the “healthy immigrant effect” is a phenomenon in which immigrants tend to have better overall
health and reduced prevalence of chronic diseases compared to their native-born counterparts
in the destination country. With increasing duration of stay the health of immigrants begins to
mirror that of natives as they adopt the lifestyle behaviors of the native population. For example,
in a study using 2014 Canadian Community Health Survey (CCHS) data, researchers Adeji et
al., found recent immigrants to be less likely to have type Il diabetes than the native-born
Canadian population (OR=0.46, CI=0.27-0.79) (30). In a population-based retrospective cohort
study using 1985-2005 linked immigration and health data from Ontario, Canada, researchers
found that immigrants had a lower adjusted risk of cardiovascular events or mortality (adjusted

hazard ratio [HR] 0.76, 95% CI 0.74-0.78) compared to long-term residents (31).

Both diabetes and cardiovascular disease are risk factors for CKD (31). The majority of studies
examining the influence of immigrant status on CKD assess prevalence as opposed to

incidence and have conflicting findings. Some stating that CKD generally higher in immigrants
than non-immigrants and some concluding the reverse findings CKD prevalence to be lower in

immigrants than natives (26,32).



Summary of Prior Relevant Studies:

Study

O Eind

ESRD among Immigrants to
Ontario, Canada: A
Population-Based Study. Perl
et al. 2018

The point prevalence values
for ESRD-D among
immigrants and long-term
Canadian residents were
89.4 per 100,000 and 100.5
per 100,000, respectively.
After adjusting for age, the
prevalence of ESRD-D was
higher among immigrants
compared with long-term
Canadian residents (age-
adjusted PR, 1.29’ 95% ClI,
1.23 to 1.26; long-term
Canadian residents are the
referent group) (26)

Researchers were unable to
distinguish between
Canadian born individuals
and long-term residents who
immigrated to Canada before
1985. Such misclassification
may have attenuated the
magnitude of the relative
relationship between
immigrant status and the risk
of ESRD-D. Researchers
also had no information on
the ethnicity of long-term
residents, some of whom
themselves might have been
immigrants.

The Relationship Between
Immigration Status and
Chronic Kidney Disease Risk
Factors in Immigrants and
US-Born Adults. Dawson et
al. 2020

Immigrants were significantly
less likely to have an eGFR <
60 (OR 0.42, 95% CI 0.36—
0.50), which remained after
adjustment (OR 0.75, 95% ClI
0.61-0.93). Immigrants had
significantly lower odds of
having an eGFR < 60
compared to US-born adults.
Additionally, immigrants with
= 15 years in the US had
mean eGFR values that were
less than immigrants < 15
years in the US, indicating
that there is some decrease
in kidney function as the
length of US residence
increases.(32)

Urinary albumin and urinary
creatinine were measured in
a random urine collected in
the mobile examination
center (MEC). Creatinine
from this collection was used
to calculate eGFR using
CKD-EPI equation.

Researchers were unable to
make a diagnosis of CKD in
study population since a
decrease in eGFR (< 60
ml/min/1.73m2) or evidence
of kidney damage lasting
three or more months is
required. (32)




Social determinants of health
and the transition from
advanced

chronic kidney disease to
kidney failure. Hundemer
2023

Not having a high school
degree was associated with
higher odds for an inpatient
dialysis start compared with
having a college degree
{odds ratio [OR] 1.71 [95%
confidence interval (CI) 1.09—
2.69]}. Unemployment was
associated with higher odds
for an inpatient dialysis start
[OR 1.85 (95% CI 1.18—
2.92)], lower odds for pre-
emptive access creation [OR
0.53 (95% CI 0.34-0.82)] and
lower odds for pre-emptive
kidney transplantation [OR
0.48 (95% CI 0.24-0.96)]
compared with active
employment. Being single
was associated with higher
odds for an inpatient dialysis
start [OR 1.44 (95% CI11.07—
1.93)] and lower odds for pre-
emptive access creation [OR
0.67 (95% CI 0.50-0.89)]
compared with being
married.(33)

The number of patients
receiving pre-emptive kidney
transplants was relatively low
which limited the statistical
power of the study. It was a
single-center study which
negatively impacts
generalizability. Income level,
literacy, housing status,
neighborhood environment,
and race were not captured
as social determinants. (33)

Disparities in chronic kidney
disease-the state of the
evidence. Clark-Cutaia et al.
2021

The literature, although
conflicting at times, indicates
racial and ethnic minorities
with predialysis CKD
experience disparities of
progression and mortality;
however, once on dialysis,
appear to live longer than
their white counterparts.

There are strikingly few
studies about US immigrants
with CKD despite the fact that
many immigrant groups are

Little knowledge exists
regarding the root of the
disparities and how to best
address them.

More research needs to
utilize prospective research
methods in North American
CKD cohorts. (23)




at high risk for CKD due to a
variety of factors(23).

The Healthy Immigrant Effect
and Aging in the United
States and Other Western

Countries. Markides 2019

A growing literature on
immigrant health and aging
has consistently found that
voluntary “economic”
immigrants to the United
States, Australia, and
Canada, and to a lesser
extent to Europe, appear to
be healthier than native
populations. Researchers
have proposed several
explanations for this health
advantage, including healthy
immigrant selection, health-
promoting behaviors, and
sociocultural resources.

From the extant literature,
immigrant health selection
appears to the main
explanation for the immigrant
health advantage, which is
typically more clearly
observed in mortality than in
other measures of health.
(34)

There has been a recent
surge of immigrants from
Asia, especially China and
India, to the United States,
Canada, and Australia.
These changes to the
immigrant population will
require greater attention to
their health status and
uncovering whether the same
processes account for a
mortality advantage and age-
related convergence with
these growing immigrant
groups.

As has been established in
Europe and elsewhere
refugees are much less heath
selected than other
immigrants and experience
more psychological and
physical problems, especially
those arriving in the older
years. Needless to say, very
little is known regarding
refugees in the Middle East,
Africa, and elsewhere

The association between
local area immigrant fraction
and prevalence of
cardiovascular diseases in
the United States: an
observational study. Shokeen
etal. 2023

The central finding of this
study is that increasing the
local area immigrant fraction
is associated with decreasing
local prevalence of CHD, and
to a lesser extent stroke in
the United States. These
findings remained consistent
when analyzing the two
largest immigrant subgroups,
Asians and Hispanics. In
CHD, there exists a direct
contribution of immigrant
fraction on disease
prevalence, which accounts

The independent and
dependent variables were not
measured at the level of the
individual, but rather at the
level of Zip Code Tabulated
Area (ZCTA). Researchers
therefore could not
decompose CHD or stroke
prevalence between
immigrants and non-
immigrants (or between racial
groups) within a ZCTA.
Researchers also could not
decompose health behavioral
patterns or demographic




for 45% of the total
association

There also exist significant
indirect associations with
immigrant fraction and CHD
(~55%) mediated through
lower prevalence of
deleterious health behaviors
(smoking, physical activity,
annual health checkups,
cholesterol screening, having
health insurance). The
association with immigrant
fraction and stroke was
evident as well but largely
mediated through health
behaviours (7)

profiles within a ZCTA by
group.

Shokeen et al., chose to
exclude low-immigrant
communities in the main
analyses. These excluded
ZCTAs (~16,000) were found
predominantly in rural
communities throughout the
US. As such, the
generalizability of our findings
to less populated and more
rural regions of the US may
be limited. (7)

Association of Birthplace and
Coronary Heart Disease and
Stroke Among US Adults:
National Health Interview
Survey, 2006 to 2014.

Age-standardized prevalence
of both CHD and stroke were
higher among US- than
foreign-born adults (CHD:
8.2% versus 5.5% for men
and 4.8% versus 4.1% for
women; stroke: 2.7% versus
2.1% for men and 2.7%
versus 1.9% for women; all
P<0.05). (8)

The NHIS was conducted
among noninstitutionalized
US residents, and therefore,
those in long-term care
facilities were not included in
the survey. It is possible that
adults with CHD and/or
stroke were more likely to be
in these facilities than those
without CHD and/or stroke,
especially immediately after a
cardiovascular disease event.

Itis also possible that
foreign-born adults, who were
less likely to have health
insurance coverage, will be
less likely to be in long-term
care facilities. The health
data was collected through
self-report surveys which are
subject to recall bias. (8)

Are immigrants healthier than
native-born Canadians? A
systematic review of the
healthy immigrant effect in
Canada. Vang et al. 2017

The healthy immigrant effect
(HIE) appears to be strongest
during adulthood but less so
during
childhood/adolescence and
late life. A foreign-born health
advantage is also more
robust for mortality but less
so for morbidity. The HIE is

The same databases were
used multiple times across
many of the studies.
Consequently, this synthesis
is based on a smaller number
of effective studies. Likewise,
within each life-course stage,
studies that contained
multiple health indicators
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also stronger for more recent
immigrants but further
research is needed to
determine the critical
threshold for when migrants'
advantage disappears.
Positive selection as an
explanation for the HIE
remains underdeveloped.(14)

were coded more than once.
This means that there may
be greater emphasis on
some results than is
warranted.

There were very few studies
of immigrant health during
childhood and late life. Thus,

our review of the HIE during
these two life-course stages
are preliminary and will
require additional studies for
more definitive assessments
of migrant children’s and
seniors’ health advantage or
lack thereof. (14)

Importance of Early Detection
It is advantageous to detect CKD in its early stages because the sooner one can receive

treatment interventions such as medications to slow disease progression (e.g., ACE inhibitors,
ARBS, SGLT2 inhibitors, etc.), the lower their risk of progression to kidney failure as well as a
reduced risk of cardiovascular events (35). Early detection of CKD is also very important
because the beginning stages of the disease are often asymptomatic, and patients typically do
not notice obvious signs of kidney damage until the disease is more advanced (35). Detection of
early CKD (eGFR < 60 ml/min) would aid in disease progression and mitigation of CKD-related

complications
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ABSTRACT

Introduction: A “healthy immigrant effect” has been demonstrated for a number of chronic
health conditions including cardiovascular disease, diabetes mellitus, and dementia; however,
the link between immigrant status and kidney health remains uncertain. We sought to compare
the risk for incident chronic kidney disease (CKD) between Canadian immigrants and non-
immigrants.

Methods: We conducted a population-level, observational cohort study of all adult (=18 years of
age) Ontario residents, including foreign-born immigrant Canadian citizens and non-immigrant
Canadian citizens by birth, with normal baseline kidney function (outpatient estimated
glomerular filtration rate [eGFR] 270 mL/min/1.73m?) between April 1, 2007 and September 30,
2020 utilizing provincial health administrative data. Multivariable Cox proportional hazard
regression modeling was used to evaluate the relationship between immigrant status and the

development of incident CKD (outpatient eGFR <60 mL/min/1.73m?).
13
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Results: The study cohort included 10,440,210 Ontario residents, consisting of 22% immigrants

(N =2,253,360) and 78% (N = 8,186,850) non-immigrants. The mean (SD) age and eGFR were

45 (17) years and 102 (16) mL/min/1.73m?, respectively, and 54% of individuals were female. A
total of 117,028 immigrants (5%, 7 events per 1,000 person-years) and 984,277 non-immigrants
(12%, 16 events per 1,000 person-years) developed incident CKD during follow-up. Immigrants
experienced a 20% lower risk for incident CKD compared to non-immigrants (adjusted hazard
ratio 0.80 [95% confidence interval 0.80-0.81]). Consistent findings were seen for refugee and
non-refugee immigrants, immigrants with remote (1985-2004) and recent (2005-2020) landing
dates, and immigrants from different world regions. Results were similar upon re-defining
incident CKD as two outpatient eGFR measurements <60 mL/min/1.73m? at least 90 days

apart, treating death as a competing risk, and adjusting for baseline albuminuria.

Conclusion: Immigrants experience a lower risk for incident CKD compared to non-immigrants.

These findings provide evidence of a “healthy immigrant effect” in relation to kidney health.

KEY QUESTIONS

What is already known on this topic?

« Chronic kidney disease (CKD) is a major global health issue, affecting over 800

million people worldwide.

- Immigrant populations are often negatively affected by social factors such as
poverty, food insecurity, and housing instability, all of which have been linked to

worse kidney health outcomes

« A “healthy immigrant effect” has been demonstrated for a number of chronic

health conditions including cardiovascular disease, diabetes mellitus, and dementia;
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however, the link between immigrant status and kidney health remains uncertain.

What this study adds?

- In this population-based observational cohort study, immigrants to Canada

experienced a 20% lower risk for incident CKD compared to Canadian-born adults.

« Apart from immigrants from North America, immigrants from all other world
regions experienced a lower risk for incident CKD compared to Canadian-born

adults.

- As with other chronic health conditions, a “healthy immigrant effect” exists in

relation to kidney health.

How this study might affect research, practice or policy?

- Future studies are necessary to determine why immigrants experience lower
rates of CKD and to compare the longitudinal trends in CKD progression between

immigrants and non-immigrants.

- An enhanced understanding of how longitudinal health trends vary among
immigrants based on factors such as refugee status and country of origin may inform
health policy decisions surrounding immigrant health screening and resource

allocation.

INTRODUCTION

Chronic kidney disease (CKD) is a major global health issue, affecting over 800 million people
worldwide.! In Canada, it is estimated that CKD affects one in ten individuals.? CKD is defined
either by evidence of kidney damage, indicated by albuminuria, or more commonly by a
reduction in kidney function, indicated by a reduction in glomerular filtration rate (GFR). The

standard estimated GFR (eGFR) cutoff adopted to define CKD is <60 mL/min/1.73m? as this
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represents a decline in kidney function to approximately half of what is seen in healthy young
adults and associates with increased morbidity and mortality at the population level.®4 CKD
predisposes to a host of health complications including hypertension, cardiovascular disease,
anemia, kidney failure, death, and reduced quality of life.> Therefore, early detection and
treatment of CKD is imperative to slow its progression and prevent adverse CKD-related

outcomes.

Social determinants of health (i.e., non-medical factors that influence health outcomes) are
increasingly recognized to be strongly linked to both CKD incidence and outcomes. For
instance, factors such as race/ethnicity, unemployment, poverty, and low education are
associated with poor kidney health.”*® An understudied social determinant of health in relation
to kidney disease is immigrant status. Canada takes great pride in being an “immigrant friendly”
country, becoming a major destination for immigrants globally. Universal health care coverage
begins shortly after an immigrant arrives in Canada. Current immigration rates in Canada are
among the highest for any country in the world and continue to rise, translating into
approximately one quarter of the Canadian population being comprised of foreign-born

immigrants.

The link between immigrant status and the development of kidney disease remains poorly
understood. On one hand, immigrant populations are often negatively affected by social factors
such as poverty, food insecurity, and housing instability, all of which have been linked to worse
kidney health outcomes.?° On the other hand, a “healthy immigrant effect”, referring to a
reduced prevalence of age-related disease among immigrants compared to their non-immigrant
counterparts, has previously been demonstrated with other chronic diseases such as
cardiovascular disease, diabetes, and dementia.?*?® To better understand the association

between immigrant status and kidney disease, we herein conducted a population-based cohort

study to compare the incidence of early-stage CKD among immigrants versus non-immigrants in

Ontario, Canada.
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METHODS
Study Design and Setting

We conducted a population-level, observational cohort study of adults 218 years of age in
Ontario, Canada with normal baseline kidney function (outpatient eGFR 270mL/min/1.73m?)
using linked databases held at ICES (formerly, Institute for Clinical Evaluative Sciences).
Ontario is Canada’s largest province with over 15 million residents.?® ICES is an independent,
non-profit research institute whose legal status under Ontario’s health information privacy law
allows it to collect and analyze health care and demographic data, without consent, for health
system evaluation and improvement. The use of the data in this project is authorized under
section 45 of Ontario’s Personal Health Information Protection Act (PHIPA) and does not require
review by a Research Ethics Board. The reporting of this study follows guidelines for

observational studies (Supplemental Table 1).?’

Data Sources

We ascertained baseline characteristics and outcome data from de-identified, linked databases
housed at ICES. Demographic and vital status information was obtained from the Ontario
Registered Persons Database. Immigrant-specific information was obtained from the Immigrant
Refugees and Citizenship Canada (IRCC) database?®. Diagnostic and procedural information
from all hospitalizations were determined using the Canadian Institute for Health Information
Discharge Abstract Database. Diagnostic information from emergency room and day surgery
visits was determined using the National Ambulatory Care Reporting System. Information was
also obtained from the Ontario Health Insurance Plan (OHIP) database, which contains all

health claims for inpatient and outpatient physician services. Laboratory information is contained

in the Ontario Laboratory Information System (OLIS) which captures laboratory tests for all
patients in Ontario. Definitions for patient characteristics and clinical variables can be found in

Supplemental Table 2. These datasets were linked using unique encoded identifiers and
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analyzed at ICES. The databases were complete for all variables used except for rural
residence, neighborhood income quintile, and immigrant world region of origin, which were
missing in <0.5% of individuals. The only reason for lost follow-up was emigration from the

province which occurs in <0.5% of Ontario residents annually.?®

Cohort Definition

We included all Ontario residents =218 years of age that had an index outpatient eGFR
measurement 270mL/min/1.73m? between April 1, 2007 and September 30, 2020. The date of
this initial eGFR measurement served as the study index date, date of cohort entry, and
beginning of follow-up. Individuals with an outpatient eGFR <70 mL/min/1.73m? at index, a
history of dialysis, or prior kidney transplantation were excluded. eGFR was calculated using the
2021 race-free Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) creatinine-
based equation.® Individuals were followed from index date until the outcome of interest or

censoring (emigration from Ontario, death, or end of study period).

Exposure

The primary exposure was immigrant status, specifically whether an individual was a foreign-
born immigrant Canadian citizen or a non-immigrant Canadian citizen by birth. All immigrants to

Canada since 1985 are captured in the IRCC database upon arrival.

Outcomes

The primary outcome was incident CKD, defined as an outpatient eGFR <60 mL/min/1.73m?2,

Inpatient or emergency room eGFR measurements were not included so as to minimize the risk

of capturing acute kidney injury (AKI) events. A single outpatient eGFR measurement has
previously been shown to provide an accurate estimate of kidney function in a similar ICES-
based cohort®! and external cohorts.®? 32 We further assessed the outcome of incident CKD in

alignment with the Kidney Disease: Improving Global Outcomes (KDIGO) guidelines as two
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outpatient eGFR measurements <60 mL/min/1.73m? at least 90 days apart.®

Statistical Analysis

Baseline characteristics were ascertained for immigrants and non-immigrants. Continuous
variables were reported as mean (standard deviation [SD]) while categorical variables were
reported as number (%). Crude CKD incidence rates (events/1,000 person-years) were
calculated for immigrants and non-immigrants. Multivariable Cox proportional hazards modeling
was used to measure the association between immigrant status and incident CKD. Models were
adjusted for the following variables selected a priori based upon clinical knowledge and previous
literature: age, sex, diabetes mellitus, hypertension, baseline eGFR, rural residence,
neighborhood income quintile, and prior history of cardiovascular disease (composite of
myocardial infarction, ischemic stroke, congestive heart failure, and coronary artery bypass graft
surgery).® Additional multivariable Cox models were used to compare the risk for incident CKD
between: A) refugee versus non-refugee immigrants, B) immigrants with remote [1985-2004]
versus recent [2005-2020] landing dates, and C) immigrants coming to Canada from different
regions of the world. We conducted all analyses using SAS version 9.4 (SAS Institute Inc., Cary,
NC, USA). 95% confidence intervals (ClI) that did not overlap with 1.0 and two-sided p-values

<0.05 were treated as statistically significant.

Additional Analyses

Additional analyses included: A) re-defining the incident CKD outcome as two outpatient eGFR

measurements <60 mL/min/1.73m? at least 90 days apart as per KDIGO guidelines,** B)

utilizing Fine-Gray sub distribution hazard models accounting for the competing risk of death,
and C) restricting the study cohort to those with a urine albumin-to-creatinine ratio [UACR]

within one year of index and adjusting for UACR within the regression models.
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RESULTS

Baseline Characteristics

From a total of 12,007,777 Ontario residents with an eGFR measurement within the accrual
period, 10,440,210 met our inclusion criteria (Figure 1). The study cohort consisted of
2,253,360 (22%) immigrants and 8,186,850 (78%) non-immigrants (Table 1). The mean (SD)
age of the cohort was 45 (17) years with immigrants being slightly younger. Females made up
54% of the cohort which was similar among both immigrants and non-immigrants. The mean
(SD) baseline eGFR of the cohort was 102 mL/min/1.73m? with immigrants having slightly
higher values. Immigrants generally lived in neighborhoods with lower income levels, less
commonly resided in rural areas, and had fewer comorbidities. Immigrant-specific
characteristics are displayed in Table 2. Refugees represented 17% of the immigrant
population. Immigrants came from all regions around the world with approximately half coming

from Asia.

Incident Chronic Kidney Disease by Immigrant Status

A total of 117,028 immigrants (5%) and 984,277 non-immigrants (12%) developed incident CKD
over the follow-up period. This translated into a crude incidence rate 7 events/1,000 person-
years for immigrants as compared to 16 events/1,000 person-years for non-immigrants. In the
multivariable Cox regression models, immigrants experienced a 20% lower risk for incident CKD
compared to non-immigrants (adjusted hazard ratio [aHR] 0.80 [95% CI 0.80-0.81]) — the
adjusted cumulative incidence curves are displayed in Figure 2. Both refugee (aHR 0.87 [95%

Cl1 0.86-0.89]) and non-refugee immigrants (aHR 0.79 [95% CI 0.79-0.80]) experienced a lower

risk for incident CKD compared to non-immigrants. Immigrants with remote (1985-2004; aHR
0.78 [95% CI 0.78-0.79]) and recent (2005-2020; aHR 0.87 [95% CI 0.86-0.88]) landing dates

experienced a lower risk for incident CKD compared to non-immigrants.

Incident Chronic Kidney Disease among Immigrants by World Region
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Figure 3 displays the risk of incident CKD for immigrants by world region. There was no
difference in incident CKD risk between immigrants from North America compared to non-
immigrants (aHR 0.99 [95% CI 0.97-1.01]). There was a progressively lower risk for incident
CKD among immigrants from Africa (aHR 0.97 [95% CI 0.95-0.99]), South America (aHR 0.90
[95% CI 0.88-0.93]), Middle East (aHR 0.89 [95% CI 0.87-0.91]), Europe (aHR 0.78 [95% ClI

0.77-0.80]), and Asia (aHR 0.73 [95% CI 0.72-0.74]) compared to non-immigrants.

Additional Analyses

Results were similar upon re-defining incident CKD as two outpatient eGFR measurements <60
mL/min/1.73m? at least 90 days apart (Supplemental Table 3), treating death as a competing

risk (Supplemental Table 4), and adjusting for baseline UACR in the subset of individuals with
UACR measurements within one year of index (n=5,831 immigrants, n=25,461 non-immigrants)

(Supplemental Table 5).

DRISCUSOION

In this large population-based cohort study of Ontario residents, we found that immigrants
experienced a 20% lower risk for incident CKD compared to non-immigrants. The lower risk for
incident CKD was present in refugee and non-refugee immigrants, immigrants with remote
versus recent landing dates, and immigrants from different world regions. These findings were
consistent after adjusting for known potential confounding factors and across multiple sensitivity

analyses.

The seemingly protective effect of being an immigrant on CKD incidence may be explained by
the “healthy immigrant effect”. This term refers to a phenomenon whereby immigrants have a
health advantage over their domestic-born counterparts.?% For example, a systematic review
found that adult immigrants had similar or better health compared to Canadian-born adults,
particularly in regard to chronic health conditions.®® This may relate to differences in health-

related behaviors among immigrants such as healthier diet, increased physical activity, lower
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alcohol consumption, and reduced smoking rates.?324 3638 The “healthy immigrant effect” may
also be explained by the immigration selection process itself with healthier individuals being
more likely to immigrate and less healthy individuals being more likely to remain in their country
of origin.?®4° Specific to the Canadian immigration process, a point system is employed based
upon human capital which favors individuals with higher education and language skills for the
economic class of immigrants that will contribute to successful living post-migration.®® 4! Notably,
these social factors are known to correlate with better health, including kidney health.> 6 18
Further, the medical screening tests required during the immigration process may promote
systematic selection. While this “healthy immigrant effect” has been shown to diminish over time
in relation to other chronic health conditions, due to stressors in adjusting to a new living
environment and adoption of unhealthy behaviors,3® 4243 we found a sustained effect in relation

to CKD incidence even among immigrants with remote landing dates.

While the “healthy immigrant effect” is well-established for chronic health conditions such as
cardiovascular disease, diabetes, and dementia,?>?® its linkage with kidney health is less well
understood. The present study demonstrates that the “healthy immigrant effect” does indeed
extend to kidney disease as well with a lower incidence of early-stage CKD. These findings are
consistent with a previous study from the United States using National Health and Nutrition
Examination Survey (NHANES) data which showed that prevalent CKD (rather than incident

CKD as with the present study) was less common among immigrants.** In contrast, an Ontario-
based study found that the prevalence of end-stage kidney disease (ESKD) requiring dialysis

was higher among immigrants compared to long-term Canadian residents.* Perhaps these
conflicting findings in relation to early-stage CKD and ESKD reflect the inherent challenges with

comparing studies of incident rather than prevalent kidney disease.

An interesting finding relates to the differential incident CKD risk based on world region. There
was no difference in incident CKD risk for immigrants from North America, individuals who may
be most similar to Canadian-born adults in regard to not only geography but also health-related
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behaviors. Immigrants from all other regions experienced a lower incident CKD risk. However,
the absolute effect size was minimal for immigrants from Africa which may relate to
predisposing CKD risk factors common among individuals of African descent such as APOL1

variants.*®

Future studies are necessary to improve our understanding for why immigrants experience
lower rates of early-stage CKD. Studies on CKD progression and the development of CKD risk
factors may provide insight and potential early therapeutic intervention targets. A better
understanding of the longitudinal trends in disease states known to predispose to CKD (e.g.,
hypertension and diabetes) will further serve to identify individuals who will benefit from ever-
improving pharmacologic treatment options. Additionally, understanding how these longitudinal
health trends vary among immigrants based on factors such as refugee status and country of

origin may allow for enhanced screening approaches and resource allocation.

Our results must be interpreted within the context of the study design. First, this study was
observational; therefore, we were able to identify association but not causation. However, our
analytic models adjusted for numerous potential confounders that should reduce observed
confounding though we acknowledge that unobserved confounding may still occur. Second, our

primary analysis defined incident CKD as a single outpatient eGFR measurement <60

mL/min/1.73m? which may lead to some degree of misclassification (e.g., outpatient AKI).
However, our results were consistent upon re-defining incident CKD as two outpatient eGFR
measures <60 mL/min/1.73m? at least 90 days apart, consistent with KDIGO guidelines.?* Third,
CKD is defined not only by a reduction in kidney function (eGFR) but also by kidney damage
(albuminuria). The results from a sensitivity analysis adjusting for UACR among the subset of
individuals with available measures within one year of index were consistent. Fourth, medication
data in Ontario is available only for individuals 265 years of age. As the vast majority of our
cohort was below this age cutoff, we were unable to adjust for medications that may impact

kidney function (e.g., renin-angiotensin-aldosterone system inhibitors, sodium-glucose
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cotransporter-2 inhibitors, etc.). Finally, as the IRCC database captures all immigrants to
Canada from 1985 onwards, we were unable to distinguish between individuals who were born
in Canada and long-term residents who immigrated to Canada prior to 1985. This
misclassification may have attenuated the magnitude of the associations between immigrant

status and incident CKD risk.

CONCLUSION
In this population-based observational cohort study, immigrants to Canada experienced a 20%

lower risk for incident CKD compared to Canadian-born adults. The lower CKD risk was
observed among both refugee and non-refugee immigrants and among both immigrants with
remote (1985-2004) and recent (2005-2020) landing dates. Apart from immigrants from North
America, immigrants from all other world regions experienced a lower risk for incident CKD
compared to Canadian-born adults. These findings provide evidence of a “healthy immigrant
effect” in relation to kidney health. Future studies are necessary to determine why immigrants
experience lower rates of CKD and to compare the longitudinal trends in CKD progression
between immigrants and non-immigrants. An enhanced understanding of how longitudinal

health trends vary among immigrants based on factors such as refugee status and country of

origin may inform health policy decisions surrounding immigrant health screening and resource

allocation.
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ABSTRACT
The link between immigrant status, a key social determinant of health, and kidney health

remains uncertain. Herein, we sought to compare the risk for incident adverse kidney outcomes
between immigrants and non-immigrants. Using Canadian provincial health administrative data,
we conducted a population-based observational cohort study of all adult Ontario residents
(immigrants and non-immigrants) with normal baseline kidney function (eGFR =70
mL/min/1.73m?). Multivariable Cox proportional hazard regression modeling was used to
evaluate the relationship between immigrant status and a composite adverse kidney outcome of
40% eGFR decline or kidney failure. The study cohort included 10,440,210 individuals with 22%
immigrants and 78% non-immigrants. The mean (SD) age and eGFR were 45 (17) years and
102 (16) mL/min/1.73m?, respectively. Immigrants experienced a 30% lower risk for the
composite adverse kidney outcome (adjusted hazard ratio [aHR] 0.70 [95% CI 0.69-0.71])
compared to non-immigrants which was primarily driven by 40% eGFR decline. However,
immigrants also experienced a 21% lower risk for incident kidney failure (aHR 0.79 [95% CI
0.75-0.83]) compared to non-immigrants. Results were consistent upon accounting for the
competing risk of death and adjusting for baseline albuminuria. As has been demonstrated with
other chronic diseases, these novel findings suggest that a healthy immigrant effect also exists
in regard to kidney disease. Differential kidney disease risks were identified among immigrants
based on landing date, refugee status, and world region of origin which may inform health policy
decision-making toward targeted screening strategies and more cost-effective resource

allocation for immigrant populations.

KEYWORDOS
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Social determinants of health
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Kidney health

Chronic kidney disease (CKD)

End-stage kidney disease (ESKD)

LAY SUMMARY

Social determinants of health are non-medical factors that play a role in an individual’s health,
including kidney health. An under-explored social determinant of health in relation to kidney
disease is immigrant status. A “healthy immigrant effect”, whereby immigrants experience a
health advantage compared to non-immigrants, has previously been reported in relation to other
health conditions such as heart disease and diabetes but has never been studied in regard to
kidney disease. This study across a broad Canadian population now shows that a “healthy
immigrant effect” also applies to kidney disease as immigrants were less likely to experience a
decline in kidney function or require dialysis. However, kidney disease risk among immigrants
varied based on factors such as if they were a refugee and what country they migrated from. A
better understanding of these differences among immigrants may help to provide more targeted

care to specific high-risk immigrant populations.

INTRODUCTION

Social determinants of health are increasingly recognized to play a role in kidney health. The
term “social determinants of health” refers to non-medical factors that exert a major influence on
health outcomes.! This includes factors such as education, employment, income, literacy,
race/ethnicity, and home environment. Numerous studies have demonstrated that such social
factors are strongly linked to kidney outcomes including chronic kidney disease (CKD), kidney

failure, dialysis access creation, “crash” dialysis starts, and kidney transplantation.?6 In modern
day practice, information about social determinants of health is not typically incorporated into

routine nephrology practice. Increasing the awareness of how social determinants of health may

impact kidney disease has been emphasized as a target area for improvement within the
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nephrology community.1”:18

An underexplored social determinant of health in regard to kidney disease is immigrant status.
Specifically, it remains unknown whether immigrants experience a differential risk (increased or
decreased) for kidney disease compared to non-immigrants. Immigrants have a higher
propensity for deleterious social determinants of health including poverty, unemployment,
unstable housing, food insecurity, and racial disparities which predispose to adverse kidney
health outcomes.® 2° Conversely, a healthy immigrant effect has previously been described for
a number of chronic diseases including cardiovascular disease and diabetes mellitus.?? The
term “healthy immigrant effect” refers to a phenomenon whereby immigrants experience a
health advantage compared to their domestic-born counterparts which has been hypothesized
to relate to healthier lifestyle behaviors.? 242729 The limited existing literature on immigrant
status and kidney health has focused on prevalent, rather than incident, kidney disease and has

yielded conflicting results.3% 3t

Canada is an ideal location in which to evaluate the link between immigrant status and kidney
health as it is an “immigrant friendly” nation with an immigration rate among the highest in the
world. In fact, 20 to 25% of the Canadian population is made up of foreign-born immigrants.
Moreover, universal health care coverage begins shortly after immigration to Canada, thus
minimizing access to health care as a barrier relative to other nations. Herein, we conducted a
large population-based observational cohort study of adult residents of Ontario (Canada) with
normal baseline kidney function to compare longitudinal adverse kidney outcomes between

immigrants and non-immigrants.
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METHODS
Study Design and Setting

This was a population-level, observational cohort study of adult (=18 years of age) residents of
Ontario, Canada with normal baseline kidney function (outpatient eGFR 270mL/min/1.73m?)
which was conducted using linked databases held at ICES (formerly, Institute for Clinical
Evaluative Sciences). Ontario is Canada'’s largest province with over 15 million residents.33
ICES is an independent, non-profit research institute whose legal status under Ontario’s health
information privacy law allows it to collect and analyze health care and demographic data,
without consent, for health system evaluation and improvement. The use of the data in this
project is authorized under section 45 of Ontario’s Personal Health Information Protection Act
(PHIPA) and does not require review by a Research Ethics Board. The reporting of this study

follows guidelines for observational studies (Supplementary Table S1).343°

Data Sources

Baseline characteristics and outcome data were ascertained from de-identified, linked
databases housed at ICES. Demographic and vital status information was obtained from the
Ontario Registered Persons Database. Immigrant-specific information was captured for all
immigrants to Ontario in the Immigration, Refugees and Citizenship Canada (IRCC) Permanent
Resident Database.¢ Diagnostic and procedural information from all hospitalizations was
collected using the Canadian Institute for Health Information Discharge Abstract Database.
Diagnostic information from emergency room and day surgery visits was determined using the
National Ambulatory Care Reporting System. Information was also obtained from the Ontario
Health Insurance Plan (OHIP) database, which contains all health claims for inpatient and
outpatient physician services. Dialysis and kidney transplant information was obtained from the

Canadian Organ Replacement Registry. Laboratory information is contained in the Ontario

Laboratory Information System (OLIS) which captures laboratory tests for all patients in Ontario.
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Definitions for patient characteristics and clinical variables can be found in Supplementary
Table S2. These datasets were linked using unique encoded identifiers and analyzed at ICES.
The databases were complete for all variables used except for rural residence, neighborhood
income quintile, and immigrant world region of origin, which were missing in <0.5% of
individuals. The only reason for lost follow-up was emigration from the province which occurs in

<0.5% of Ontario residents annually.3’

Cohort Definition

All Ontario residents 218 years of age that had a single index outpatient eGFR measurement
270mL/min/1.73m? between April 1, 2007 and September 30, 2020 were included. The date of
this initial eGFR measurement 270mL/min/1.73m? served as the study index date. Individuals
were excluded if they had an outpatient eGFR <70 mL/min/1.73m? at index, a history of dialysis,
or a history of kidney transplantation. The 2021 race-free Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) creatinine-based equation was used to calculate eGFR. Individuals
were followed from study index date until the outcome of interest or censoring. Censoring

events included emigration from Ontario, death, or the end of study period.

Exposure

Individuals were compared based on whether they were a foreign-born immigrant Canadian
citizen or a non-immigrant Canadian citizen by birth. All immigrants to Canada since 1985 are
captured in the IRCC database upon arrival. Immigrants were further sub-classified based on
whether they were a refugee versus non-refugee immigrant, they had a recent (2005-2020)
versus remote (1985-2004) landing date, and the world region they immigrated to Canada

from.

Outcomes

The primary outcome was a composite kidney outcome of 40% decline in eGFR or kidney
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failure. Kidney failure was defined as initiation of maintenance dialysis (hemodialysis or
peritoneal dialysis) or kidney transplantation. For the 40% eGFR decline outcome, only
outpatient eGFR measurements were included. Inpatient or emergency room eGFR
measurements were not included so as to minimize the risk of capturing acute kidney injury
(AKI) events. Secondary outcomes included evaluation of the individual components of the

composite kidney outcome (40% eGFR decline and kidney failure) separately.

Statistical Analysis

Baseline characteristics were ascertained for immigrants and non-immigrants. Continuous
variables were reported as mean (standard deviation [SD]) while categorical variables were
reported as number (%). Crude incidence rates (events per 1,000 person-years) were
calculated for immigrants and non-immigrants. Multivariable Cox proportional hazards modeling
was used to measure the association between immigrant status and the primary (composite)
and secondary (40% eGFR decline and kidney failure) outcomes. Models were adjusted for the
following variables selected a priori based upon clinical knowledge and previous literature: age,
sex, diabetes mellitus, hypertension, baseline eGFR, rural residence, neighborhood income
quintile, and prior history of cardiovascular disease (composite of myocardial infarction,
ischemic stroke, congestive heart failure, and coronary artery bypass graft surgery).*® Additional
multivariable Cox models compared the risk for adverse kidney outcomes between: A) refugee
and non-refugee immigrants, B) immigrants with recent [2005-2020] and remote [1985-2004]
landing dates, and C) immigrants who came to Canada from different world regions. We

conducted all analyses using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). 95%

confidence intervals (Cl) that did not overlap with 1.0 and two-sided p-values <0.05 were treated

as statistically significant.

Sensitivity Analyses

Sensitivity analyses included: A) utilizing Fine-Gray subdistribution hazard models accounting
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for the competing risk of death, and B) restricting the study cohort to those individuals with a
urine albumin-to-creatinine ratio [UACR] within one year of index and adjusting for UACR within

the regression models.

RESULTOS

Baseline Characteristics

From a total of 12,007,777 Ontario residents with an eGFR measurement within the accrual
period, 10,440,210 met the inclusion criteria and were included in the study cohort (Figure 1).
The cohort consisted of 2,253,360 (22%) immigrants and 8,186,850 (78%) non-immigrants
(Table 1). The mean (SD) age of the cohort was 45 (17) years with immigrants being marginally
younger than non-immigrants. Females made up 54% of the cohort which was similar among
both immigrants and non-immigrants. The mean (SD) baseline eGFR was 102 (16)
mL/min/1.73m? with immigrants having marginally higher values than non-immigrants. Overall,
immigrants tended to reside in neighborhoods with lower income levels and in non-rural rural

locations. Immigrants also generally had less comorbid conditions than non-immigrants.

Immigrant-Specific Characteristics

Table 2 displays immigrant-specific characteristics within the cohort. The distribution of era of
landing in Canada was fairly evenly spread except for the earliest years (1985-1989) which

consisted of a lower number of immigrants. Immigrants came from all regions around the world

with the largest proportion (49%) coming from Asia. Refugees comprised 17% of the immigrant

population.

Incidence Rates of Adverse Kidney Outcomes by Immigrant Status

Table 3 displays the number of outcome events by immigrant status. A total of 46,168
immigrants (2.05%) and 369,892 non-immigrants (4.52%) developed the composite kidney

outcome over the follow-up period. This translated into a crude incidence rate of 2.77 (95% CI
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2.75-2.80) events per 1,000 person-years for immigrants compared to 5.96 (95% CI 5.94-5.98)
events per 1,000 person-years for non-immigrants. The vast majority of the composite outcome
was driven by 40% eGFR decline with a crude incidence rate of 2.77 (95% CI 2.74-2.79) events
per 1,000 person-years for immigrants compared to 5.93 (95% CI 5.91-5.95) events per 1,000
person-years for non-immigrants. There were a total of 1,912 (0.08%) kidney failure events
among immigrants compared to 10,970 (0.13%) kidney failure events among non-immigrants.
This translated into a crude incidence rate of 0.11 (95% CI1 0.11-0.12) events per 1,000 person-
years for immigrants compared to 0.17 (95% CI 0.17-0.18) events per 1,000 person-years for

non-immigrants.

Risk of Adverse Kidney Outcomes by Immigrant Status

Supplementary Table S3 displays the crude and multivariable adjusted hazard ratios for kidney
outcomes by immigrant status; the adjusted cumulative incidence curves are shown in Figure 2.
In the multivariable Cox regression models, immigrants experienced a 30% lower risk for the
composite kidney outcome compared to non-immigrants (adjusted hazard ratio [aHR] 0.70 [95%
Cl1 0.69-0.71]). This was primarily driven by the 40% eGFR decline outcome (aHR 0.70 [95% CI
0.69-0.71]). However, immigrants also experienced a 21% lower risk for incident kidney failure
compared to non-immigrants (aHR 0.79 [95% CI 0.75-0.83]). The heightened risk for kidney

failure was driven by an increased risk for requiring dialysis (aHR 0.79 [95% CI 0.75-0.83])

whereas there was no significant difference in risk for kidney transplantation (aHR 1.05 [95% CI

0.90-1.23]).

Risk of Adverse Kidney Outcomes among Refugee and Non-Refugee Immigrants

Supplementary Table S4 displays the crude and multivariable adjusted hazard ratios for kidney
outcomes based on refugee versus non-refugee immigrant status. Both refugees (aHR 0.80
[95% CI1 0.79-0.82]) and non-refugees (aHR 0.68 [95% CI1 0.67-0.69]) experienced a lower risk

for the composite kidney outcome compared to non-immigrants, which was predominantly
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driven by a lower risk for 40% eGFR decline. While non-refugee immigrants experienced a
lower risk of kidney failure compared to non-immigrants (aHR 0.76 [95% CI 0.72-0.81]), there
was no significant difference in kidney failure risk between refugee immigrants and non-
immigrants (aHR 0.93 [95% CI 0.84-1.03]). When comparing refugee versus non-refugee
immigrants directly, refugee immigrants experienced a 20% higher risk of both the composite
kidney outcome and 40% eGFR decline (aHR 1.20 [95% CI 1.17-1.23]) along with a 26% higher

risk of kidney failure (aHR 1.26 [95% CI 1.13-1.42]).

Risk of Adverse Kidney Outcomes among Immigrants by Landing Date

Supplementary Table S5 displays the crude and multivariable adjusted hazard ratios for kidney
outcomes among immigrants with recent (2005-2020) versus remote (1985-2004) landing dates.
Both recent (aHR 0.67 [95% CI 0.66-0.68]) and remote (aHR 0.71 [95% CI 0.70-0.72])
immigrants experienced a lower risk for the composite kidney outcome compared to non-
immigrants, which was predominantly driven by a lower risk for 40% eGFR decline. Both recent
(@aHR 0.74 [95% CI 0.67-0.82]) and remote (aHR 0.81 [95% CI 0.76-0.85]) also experienced a
lower risk of kidney failure compared to non-immigrants. When comparing recent versus remote

immigrants directly, recent immigrants experienced a 6% lower risk of both the composite

kidney outcome and 40% eGFR decline (aHR 0.94 [95% CI 0.92-0.96]) but no significant

difference in the risk of kidney failure (aHR 0.92 [95% CI 0.82-1.03]).

Risk of Adverse Kidney Outcomes among Immigrants by World Region

Figure 3 displays the risk of adverse kidney outcomes for immigrants by world region. For the
composite kidney outcome, immigrants from all world regions experienced a lower risk
compared to non-immigrants with a progressively lower risk among immigrants from North
America (aHR 0.88 [95% CI 0.86-0.90]), Africa (aHR 0.84 [95% CI 0.81-0.87]), South America
(aHR 0.84 [95% CI1 0.81-0.87]), Middle East (aHR 0.78 [95% CI 0.75-0.80]), Europe (aHR 0.73

[95% CI 0.72-0.75]), and Asia (aHR 0.60 [95% CI 0.59-0.61]) which was predominantly driven
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by a lower risk for 40% eGFR decline. Immigrants from the Middle East (aHR 0.60 [95% CI
0.49-0.73]), Europe (aHR 0.63 [95% CI 0.56-0.71]), and Asia (aHR 0.78 [95% CI 0.72-0.83])
experienced a lower risk for kidney failure compared to non-immigrants. There was no
significant difference in kidney failure risk for immigrants from North America (aHR 1.05 [95% CI
0.94-1.18]), Africa (aHR 0.94 [95% CI 0.80-1.10]), or South America (aHR 0.88 [95% CI 0.74-

1.05]) compared to non-immigrants.

Additional Analyses

When incorporating Fine-Gray subdistribution hazard modeling to treat death as a competing
(rather than censoring) event, results were similar for the primary analysis of the association
between immigrant status (immigrants versus non-immigrants) and the composite kidney
outcome (aHR 0.70 [95% CI 0.69-0.71]). When adjusting for baseline UACR in the subset of
individuals with UACR measurements within one year of index (n = 5,831 immigrants, n =
25,461 non-immigrants), the results still remained consistent in the association between

immigrant status and the composite kidney outcome (aHR 0.74 [95% CI 0.69-0.80]).

DISCUSOION

In this large population-based cohort study of Canadian adults with normal baseline kidney
function, we found that immigrants experienced a lower risk for adverse kidney outcomes
including 40% eGFR decline and incident kidney failure compared to non-immigrants. The lower
risk for adverse kidney outcomes was consistent among both refugee and non-refugee
immigrants but more pronounced among non-refugee immigrants. The lower risk was also
consistent among immigrants with recent and remote landing dates; however, the risk was
lowest among immigrants with more recent landing dates. Immigrants from all world regions
experienced a lower risk for adverse kidney outcomes compared to non-immigrants; however,

the magnitude of risk reduction varied significantly by world region.
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These findings extend the results of prior work demonstrating a healthy immigrant effect
whereby immigrants hold a health advantage over their domestic-born peers.?1?® This effect has
been demonstrated in other chronic health conditions including as cardiovascular disease,
diabetes mellitus, and dementia.?"?® The present study now extends the healthy immigrant
effect to include kidney disease. The healthy immigrant effect is postulated to relate to healthier
lifestyle behaviors among immigrants as compared to non-immigrants including increased
physical activity, a diet comprised of more fruits and vegetables with less highly processed
foods, lower smoking rates, and lower levels of alcohol intake.?3 24 2729 Additionally, the
immigration process itself may further contribute to the healthy immigrant effect for several
reasons. First, healthier individuals are more likely to pursue immigration than their less healthy
counterparts.*® 4t Second, the medical screening tests required as part of most immigration
processes may further exclude less healthy individuals as potential immigrants. Third, the
immigration processes for many countries (including Canada) place a high value on factors

such as the education level and language skills for immigrants,2® 42 social factors which not only

promote successful employment post-immigration, but also are linked to improved kidney (and
overall) long-term health.1 11 13 Notably, the healthy immigrant effect has previously been
shown to wane over time for other chronic health conditions which is postulated to occur in a
gradual fashion as immigrants adapt to the lifestyle habits of their new living environment.2® 43 44
Similarly, we found that risk reduction for adverse kidney outcomes was greatest for immigrants

with more recent landing dates and reduced for immigrants with more remote landing dates.

Previous literature on the link between immigrant status and kidney disease has yielded
conflicting results. A notable limitation of these studies is that they primarily focused on
prevalent, rather than incident, kidney disease thereby making it uncertain of whether their
findings signified differences in kidney disease progression or simply the inherent makeup of the
immigrant population accepted into that country. For instance, a study from the United States

using National Health and Nutrition Examination Survey (NHANES) data found similar results to
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the present study with immigrants experiencing 25% lower odds for having prevalent CKD
(defined as an eGFR <60 mL/min/1.73m?) compared to non-immigrants.*® Also consistent with
the present study, the NHANES data demonstrated a waning of the healthy immigrant effect as
the length of residence in the United States increased. On the other hand, a prior study from
Ontario, Canada (same location as the present study) found that the age-adjusted prevalence of
end-stage kidney disease (ESKD) requiring dialysis was 29% higher among immigrants
compared to long-term Canadian residents.®! The difference in results between these studies in
the same geographical location likely reflects the inherent challenges with comparing studies of
prevalent kidney versus incident disease. By studying prevalent ESKD, the prior study likely
captured a disproportionate number of immigrants with pre-existing CKD or ESKD who
immigrated to Canada relative to non-immigrants. In the present study design, such individuals

would have been excluded. We now show that among immigrants who enter Canada with

normal baseline kidney function, their risk for kidney disease progression and incident CKD is

actually lower than non-immigrants.

Several notable findings from this study relate to relevant details about how and from where
immigrants arrived to Canada. While both refugee and non-refugee immigrants had a lower risk
for adverse kidney outcomes relative to non-immigrants, kidney outcomes were worse for
refugee immigrants compared to non-refugee immigrants. Refugees are displaced individuals
who have been forced to relocate to another country for reasons such as war, natural disasters,
or economic crises. While close attention has historically been paid to communicable illnesses
potentially carried by refugees, an often overlooked aspect of refugee health is non-
communicable illnesses (many of which predispose to kidney disease) which are common and
may have been missed or poorly controlled for an extended period of time. Moreover,
differential risks for adverse kidney outcomes were seen based upon what region of the world
an immigrant relocated to Canada from. Immigrants from North America experienced the most
similar risk for adverse kidney outcomes relative to non-immigrants. These immigrants may be
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most similar to native-born Canadians not only geographically but also health behavior-wise.
The next world region with the least reduction in adverse kidney outcome risk relative to non-
immigrants was Africa. This may relate not only to traditional kidney disease risk factors but also
poor access to health care, low health literacy, and genetic predisposition (e.g., APOL1 and

sickle cell disease).4"49

Future research is needed to better understand the reasons behind why immigrants experience
a lower rate of adverse kidney outcomes. This should entail evaluation of longitudinal trends in
CKD-predisposing health conditions (e.g., diabetes, hypertension), lifestyle behaviors (e.g., diet,
exercise, smoking), and social determinants of health (e.g., education, employment, housing

stability) to identify areas for intervention. An enhanced appreciation for how these factors vary

by immigrant type (e.g., refugee status, country of origin, etc.) will allow for more targeted

screening strategies and more cost-effective resource allocation.

The strengths and novelty of this study include a large, population-based cohort in a
geographical location (Canada) where immigrants are provided universal health care coverage
soon after landing, thus minimizing access to health care as a barrier. However, the findings
must be interpreted within the context and limitations of the study design. First, given the
observational study design, only association but not causation was evaluated. The statistical
models accounted for numerous known potential confounders in order to reduce observed
confounding; however, unobserved confounding may still have occurred. Second, kidney
disease is defined not only by a reduction in eGFR but also by albuminuria. Notably, a
sensitivity analysis adjusting for albuminuria among the subset of individuals with available
UACR measures within one year of index were consistent with the primary analysis. Third,
medication data in Ontario is available only for individuals 265 years of age as this is the age at
which universal drug coverage is provided. As most individuals in the cohort were <65 years of
age, we were unable to adjust for medications that may impact kidney function (e.g., renin-

angiotensin-aldosterone system inhibitors, sodium-glucose cotransporter-2 inhibitors, etc.)
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within our models. Finally, the IRCC database captures 100% of immigrants to Canada from
1985 onwards. Therefore, we were unable to distinguish between individuals who were born in
Canada and long-term residents who immigrated to Canada before 1985. This misclassification
could potentially have attenuated the magnitude of the associations between immigrant status

and adverse kidney outcomes.

In summary, this large population-based observational cohort study found that immigrants to
Canada with normal baseline kidney function experienced a lower risk of both 40% eGFR
decline and kidney failure compared to non-immigrants. As has been demonstrated with other

chronic diseases, these findings suggest that a healthy immigrant effect also extends to kidney

disease. Notably, differential kidney disease risks were identified among immigrants based on
refugee status, date of landing, and world region of origin which may inform health policy
decision-making toward targeted screening and cost-effective resource allocation for immigrant

populations.

DISCLOSURE STATEMENT

AA reports receiving speaker fees from AstraZeneca and holds research grants from Otsuka, all
outside of the submitted work. MMS reports receiving speaker fees from AstraZeneca, Otsuka,
Bayer, and GlaxoSmithKline, all outside of the submitted work. All remaining authors declared

no competing interests.

42



CHAPTER 5: THESIS DISCUSSION

Summary of results

In this population-based cohort of Ontario adults, this thesis assesses the spectrum of CKD in
Canadian immigrants compared to native-born non-immigrants, using linked databases held at
ICES (previously known as the Institute for Clinical Evaluative Sciences). In Chapter 2, a brief
background on the social determinants of health in chronic kidney disease (CKD) is presented.
This is followed up by Chapter 3 (Manuscript 1) in which we determine the incidence of chronic
kidney disease in Canadian immigrants relative to non-immigrants. In Chapter 4 we assess the
more severe forms of kidney disease, specifically a 40% or greater reduction in eGFR and
kidney failure, in the immigrant vs. non-immigrant populations. Both Chapter 3 and Chapter 4
also examine and contrast kidney disease between the subtypes of immigrants (refugees and
non-refugees) and immigrant world-region of origin. Chapter 5 will focus on significant findings
presented in this thesis, limitations of the two main studies as well as future directions for

research.

Key findings

Generally, we found that Canadian immigrants had a lower incidence of CKD compared to non-
immigrants, and this persisted regardless of whether an immigrant was a refugee or not and
across each sensitivity analysis. The incident risk of CKD differed by immigrant world region of
origin, specifically it was lowest in immigrants from Asia and Pacific and was highest in

immigrants originating from North America (immigrants from Africa were a close second).

In Manuscript I, we saw that immigrants experienced a 20% reduced risk for incident CKD
compared to non-immigrants (adjusted hazard ratio [HR] 0.80 [95% CI 0.80-0.81]). The primary
outcome in this study was a single eGFR <60mL/mg/m? because it has been found to be a
strong surrogate marker of CKD (3). However, since the clinically accepted KDIGO definition of

CKD is an eGFR <60mL/mg/m? persisting for 3 months or more, we redefined incident CKD as
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two measures of eGFR<60 within 90 days of each other as a sensitivity analysis and observed
very similar results. This trend of reduced CKD risk in immigrants persisted after utilizing Fine-
Gray substitution (as opposed to treating death as a censorship event in the primary analysis)
as well within the sub-cohort of individuals controlling for urine ACR, another measurement
used in conjunction with eGFR to diagnose CKD. Additionally, refugee and non-refugee
immigrants both saw reduced CKD risk relative to nhon-immigrants but when comparing refugee
and non-refugee immigrants to each other, refugees had elevated CKD risk (adjusted HR 1.11

[1.00-1.12.

In Manuscript Il we found that immigrants experienced a 30% lower risk of our
composite ESKD outcome (aHR 0.70, 95% CI [0.68-0.71]) than non-immigrants. This trend
persisted regardless of whether an immigrant was a refugee (adjusted HR 0.80 [95% CI1 0.79-
0.82]) or a non-refugee (aHR 0.68, 95% CI 0.67-0,69) (where non-immigrant is reference).

However, again, refugees had a higher risk of severe kidney disease. than non-refugees
(adjusted HR 1.20 [95% CI 1.17-1.23]). When assessing these severe kidney disease outcomes

individually we see that immigrants had a lower risk of a 40% reduction in eGFR and a lower
risk of kidney failure compared to non-immigrants. Comparing refugee to non-refugee

immigrants we saw that severe CKD risk is higher in refugees.

In both manuscript | and manuscript Il we found that immigrants originating from North
America and Africa were closest in disease risk to non-immigrants, while immigrants originating
from every other part of the world had significant reductions in risk compared to hon-immigrant
Canadians. Specifically, immigrants from North America were not statistically different in risk of
an eGFR<60mL/mg/min? (aHR 0.99, 95% CI 0.97-1.01, manuscript I) and kidney failure (@HR
0.97, 95% CI 0.95-0.99, manuscript Il) compared to non-immigrant Canadians. Immigrants
originating from Africa were second closest to non-immigrant Canadians in risk of an
eGFR<60mL/mg/min? (aHR 0.97, 95% CI 0.95-0.99) and were not statistically different in risk of
kidney failure from non-immigrant Canadians (aHR 0.94, 95% CI| 0.80-1.10). Both recent
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(landed in Canada 2005-2020) and remote (landed in Canada 1985-2004) immigrants had
reduced risk of both an eGFR<60mL/mg/min? and each severe kidney disease outcome
(composite kidney outcome, 40% eGFR decline, and kidney failure) compared to non-
immigrants. However, remote immigrants had greater disease risk in each severe kidney
disease outcome compared to recent suggesting that the healthy immigrant effect wears off with

duration of stay in destination country.

Study Significance

The current thesis reveals that being a Canadian immigrant is associated with a significant
reduction in risk of incident CKD and ESKD, therefore suggesting a “Healthy Immigrant Effect”.
This is consistent with previous studies also finding that non-immigrants are more susceptible to

chronic diseases than the native-born individuals of their destination country (14,23,34). The

“Healthy Immigrant effect” is thought to occur due to healthier lifestyle behaviors among
immigrants compared to their native-born counterparts, including a diet consisting of more
vegetables and fruits with less highly processed foods, greater physical activity levels, lower
alcohol intake levels, and lower smoking rates (9,14,36) Moreover, the immigration process
itself may contribute to the healthy immigrant effect. Healthier individuals are more likely to
pursue immigration than those with waning health. The Canadian immigration system requires
immigrant applicants to have several medical tests to ensure good health of potential incoming
immigrants in an effort to prevent further strain on the healthcare system that comes with
treating chronic diseases (37). Amongst these medical tests, Immigrant applicants aged 15
years and older must complete routine blood testing for serum creatinine to detect kidney
disease (37,38). This serum creatinine testing likely dissuades individuals with kidney
complications from immigrating into Canada making the incoming immigrant population overall
healthier than non-immigrants who are not asked to take this screening test, supporting our
study findings. Additionally, Canada’s immigration point system selects individuals on the basis

of human capital; higher education and language skills that will ensure employment post-
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migration are typically associated with improved kidney (and overall) health (14,33,39,40).

Immigrants originating from North America likely had kidney disease risk similar to that of a non-
immigrant due to similar lifestyle factors, such as diet, exercise levels, drinking and smoking
habits etc., Immigrants originating from Africa likely had kidney disease risk close to that of a
non-immigrant thanks to their genetic predisposition. People who lived in Western and Central
Africa were prone to develop a genetic mutation in the APOL1 gene that protected them against
certain types of parasites that induce African Sleeping Sickness, but also makes them more

susceptible to kidney disease (41).

Our findings contrast with a previous population study assessing ESKD among Ontario

immigrants which found ESKD to be more common in immigrants than non-immigrants (age-

adjusted prevalence ratio 1.29, 95% CI 1.23 to 1.26; long-term Canadian residents serve as
reference group). However, a notable limitation on previous research on North American
Immigrant vs. long-term resident CKD is that past studies focused on kidney disease prevalence
as opposed to incidence. By examining a cohort of immigrants with normal kidney function early
upon arrival to Canada, we isolate the effect of immigration to Canada and its related changes
on lifestyle, diet and health. These results can help inform health policies, influencing the
medical screening practices to mandate long-term residents of Canada and non-immigrants to
be extra vigilant with routine screening for CKD in order to catch the disease earlier than later
for optimal health outcomes during treatment. Sickle cell disease is also predominant in
individuals of West African descent; the reduced blood flow to the kidneys as a result of sickled

cells can lead to kidney damage (42)

Limitations

The present thesis has several strengths such as a significantly large population-based cohort
of over 10 million individuals and a focus on kidney disease incidence as opposed to

prevalence. Additionally, since the study is based in Canada, immigrants are provided universal
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health care coverage shortly after landing, thus minimizing variation in regard to levels of access
to healthcare. However, there are also several limitations. Firstly, one must be mindful that since
this is a retrospective-cohort study only associations can be drawn, not causation. Secondly, the
results of this study may not generalize to countries beyond Canada. Canada’s universal health
care, quality of healthcare delivery, and immigration point-system/policies may not be easily
generalized to just any other country due to its unigueness. Thirdly, despite controlling for many
known potential confounding factors, medication data in Ontario is only available for adults =65
years old because this is the age at which the province provides universal drug coverage. Since
most people in the study cohort are <65 years of age, we were unable to adjust for medications

that could potentially influence kidney function (e.g., sodium-glucose cotransporter-2 inhibitors,

renin-angiotensin-aldosterone system inhibitors, etc.,) within our regression models. We
controlled for factors we knew were associated with both immigrant status and kidney function,
however, there may be residual confounding factors not available in ICES that we did not
account for. Finally, as aforementioned within manuscript | and Il, kidney disease is not solely
defined by a reduction in eGFR, albuminuria is often an indicator used in conjunction with eGFR
to accurately diagnose individuals with the disease. We employed sensitivity analyses with a
sub-cohort of individuals who had a urine albumin-to-creatinine ratio (UACR) measurement

within one year of index and adjusted for UACR to compensate for this.

Future Directions

The current thesis opens several potential future directions for research within this study
population as well as efforts to spearhead early prevention of CKD to improve public health.
Firstly, more research into the lifestyle factors that induce the healthy immigrant effect (i.e.,
physical activity levels, diet, reduced smoking) perhaps before and after landing is needed to
shed further light on the phenomenon. Secondly, more studies on the duration of the healthy
immigrant effect, especially varying by world region of origin are needed to aid in informing

health recommendations for incoming immigrants. Thirdly, we only controlled for income on a
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neighborhood level at baseline, but it is likely that an individual immigrant’s income can vary
significantly the longer they remain in the destination country. In the future we could possibly
assess kidney disease risk in Canadian immigrants vs. non-immigrants where the individual
incomes of a sample are collected every 5 years an individual has resided in the destination
country. Fourthly, considering the lack of effect refugee vs non-refugee status played in disease
risk, but the significant variation due to world region of origin, future studies could further break
down world region of origin by refugee status to assess any subgroup effects. Finally, future
research should examine longitudinal trends on the association between illnesses that pre-

dispose to CKD such as diabetes, hypertension, and cardiovascular disease

Conclusion

In this thesis examining a population-based cohort of over 10.4 million adults, we found that
Canadian immigrants have a lower incidence of CKD and a lower risk of CKD progression
compared to non-immigrants. The lower risk of CKD persisted regardless of immigrant landing
date and regardless of whether an immigrant was a refugee or not. North America was the only
world region of origin where immigrants to Canada did not differ from non-immigrants in risk of
an eGFR<60mL/min/1.73m?2. Both North America and Africa were the only two world regions of
origin where immigrants to Canada did not differ from non-immigrants in risk of kidney failure.
These findings will emphasize the need for more targeted health screening practices and
lifestyle recommendations to aid in catching kidney disease in its early stages to improve

prognoses.
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Table 1. Baseline Characteristics of the Study Cohort

Table 1. Baseline Characteristics of the Study Cohort.

Characteristic Overall Immigrants Non-Immigrants
N (%) 10,440,210 2,253,360 (22) 8,186,850 (78)
Age, Years, Mean (SD) 45 (17) 41 (14) 47 (18)
Sex, N (%)
Female 5,589,599 (54) 1,224,262 (54) 4,365,337 (53)
Male 4,850,611 (46) 1,029,098 (46) 3,821,513 (47)
Baseline eGFR, mL/min/1.73m?, Mean (SD) 102 (16) 107 (15) 101 (16)

Neighborhood Income Quintile, N (%)?
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Quintile 1 (Lowest) 2,053,854 (20) 627,826 (28) 1,426,028 (17)

Quintile 2 2,082,562 (20) 509,345 (23) 1,573,217 (19)
Quintile 3 2,084,203 (20) 452,378 (20) 1,631,825 (20)
Quintile 4 2,131,199 (20) 392,621 (17) 1,738,578 (21)
Quintile 5 (Highest) 2,054,481 (20) 266,216 (12) 1,788,265 (22)
Rural Residence, N (%)® 1,056,347 (10) 22,855 (1) 1,033,492 (13)
Comorbidities
Arrhythmia, N (%) 82,672 (1) 6,616 (0) 76,056 (1)
Atrial Fibrillation, N (%) 83,937 (1) 4,546 (0) 79,391 (1)
CABG, N (%) 31,022 (0) 2,755 (0) 28,267 (0)
Chronic Liver Disease, N (%) 302,097 (3) 85,272 (4) 216,825 (3)
Congestive Heart Failure, N (%) 149,500 (1) 10,036 (0) 139,464 (2)
COPD, N (%) 652,206 (6) 44 495 (2) 607,711 (7)
Coronary Artery Disease, N (%) 593,164 (6) 67,956 (3) 525,208 (6)
Diabetes Mellitus, N (%) 903,071 (9) 162,089 (7) 740,982 (9)
Hypertension, N (%) 2,368,505 (23) 337,779 (15) 2,030,726 (25)
Ischemic Stroke, N (%) 45,886 (0) 3,904 (0) 41,982 (1)
Major Cancer, N (%) 382,878 (4) 39,324 (2) 343,554 (4)
Myocardial Infarction, N (%) 84734 (1) 7,358 (0) 77,376 (1)

2 Neighborhood income quintile missing in 33,911 individuals (0.3% of cohort).



b Rural defined as residing in a location with population <10,000, missing in 11,671 individuals (0.1% of cohort).

Abbreviations: CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary disease; eGFR, estimated

glomerular filtration rate; SD, standard deviation.

Table 2. Immigrant-Specific Characteristics

Table 2. Immigrant-Specific Characteristics.

Characteristic

Year of Landing, N (%)

1985-1989 186,525 (8)
1990-1994 350,155 (16)
1995-1999 321,800 (14)
2000-2004 402,574 (18)
2005-2009 368,099 (16)
2010-2014 318,394 (14)
2015-2020 305,813 (14)

World Region of Origin, N (%)?

Africa 161,179 (7)
Asia 1,096,777 (49)
Europe 409,750 (18)
Middle East 198,349 (9)
North America 220,173 (10)
South America 114,297 (5)
Stateless 52,593 (2)

Immigrant Type

Refugee, N (%) 373,387 (17)
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Non-refugee, N (%) 1,879,973 (83)

2 World region of origin missing for 242 individuals (0.01% of immigrants).

THESIS MANUSCRIPT | AND Il FIGURES

Figure 1. Study Flowchart

All individuals in Ontario, Canada with an eGFR measurement from April
1, 2007 to September 30, 2020
(N =12,007,777)

Individuals excluded due to

* Outpatient eGFR <70 mL/min/1.73m?2 (n =689 ,535)

* Prior history of dialysis or kidney transplantation (n = 5 738)
* Invalid death date (n = 2,154)

* Age <18 years or non-Ontario resident (n = 857 558)

* Not eligible for OHIP coverage (n = 12,582)

v

v
Adult Ontario residents with outpatient eGFR 270 mU/min/1.73m?
included in study
(N = 10,440,210)

N N
Immigrants Non-immigrants
(N = 2,253,360) (N = 8,186,850)
Figure 1

Abbreviations: eGFR, estimated glomerular filtration rate; OHIP, Ontario Health Insurance Plan.
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Supplemental Table 1. Reporting of studies Conducted using Observational Routinely-
collected health Data (RECORD) statement checklist.

o STROBE items RECORD items Reported

(1.1) The type of data used

should be specified in the title

or abstract. When possible, the

name of the databases used

should be included.

(1.2) If applicable, the

t geographic region and time
frame within which the study
took place should be reported
in the title or abstract.
(1.3) If linkage between
databases was conducted for
the study, this should be clearly
stated in the title or abstract.

(a) Indicate the study's
design with a commonly
used term in the title or the
abstract.

1 (b) Provide in the abstrac
an informative and
balanced summary of
what was done and what
was found.

Title and

abstract Abstract

Introduction

Explain the scientific

Bapkground/ 2 backgrqund gnd .rationgle ifeaiiatio
rationale for the investigation being
reported.
State specific objectives,
Objectives 3 including any prespecified Introduction
hypotheses.
Methods
Present key elements of
Study design 4  study design early in the Methods
paper.
Describe the setting,
locations, and relevant
Setting 5 dates, including periods of Mathicds

recruitment, exposure,
follow-up, and data
collection.

(6.1) The methods of study
population selection (such as
codes or algorithms used to
identify subjects) should be
listed in detail. If this is not
(a) Give the eligibility possible, an explanation should
criteria, and the sources be provided.
and methods of selection (6.2) Any validation studies of
of participants. Describe the codes or algorithms used to
Participants 6  methods of follow-up. select the population should be Methods, Figure 1
(b) For matched studies, referenced. If validation was
give matching criteria and conducted for this study and
number of exposed and  not published elsewhere,
unexposed. detailed methods and results
should be provided.
(6.3) If the study involved
linkage of databases, consider
use of a flow diagram or other
graphical display to




demonstrate the data linkage
process, including the number
of individuals with linked data
at each stage.

Variables

Clearly define all
outcomes, exposures,
predictors, potential
confounders, and effect
modifiers. Give diagnostic
criteria, if applicable.

(7.1) A complete list of codes
and algorithms used to classify
exposures, outcomes,
confounders, and effect
modifiers should be provided. If
these cannot be reported, an
explanation should be
provided.

Methods,
Supplemental
Table 2

Data sources/
measurement

For each variable of
interest, give sources of
data and details of
methods of assessment
(measurement). Describe
comparability of
assessment methods if
there is more than one

group.

Methods

Bias

Describe any efforts to
address potential sources
of bias.

Methods

Study size

10

Explain how the study size
was arrived at.

Methods, Figure 1

Quantitative
variables

11

Explain how quantitative
variables were handled in
the analyses. If applicable,
describe which groupings
were chosen and why.

Methods

Statistical
methods

12

(a) Describe all statistical
methods, including those
used to control for
confounding.

(b) Describe any methods
used to examine
subgroups and
interactions.

(c) Explain how missing
data were addressed.

(d) If applicable, explain
how loss to follow-up was
addressed.

(e) Describe any
sensitivity analyses.

Methods

Data access and
cleaning methods

N/A

"(12.1) Authors should describe
the extent to which the
investigators had access to the
database population used to
create the study population.
(12.2) Authors should provide
information on the data
cleaning methods used in the
study.

Methods

Linkage

N/A

(12.3) State whether the study
included person-level, Methods
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Main results

16

(a) Give unadjusted
estimates and, if
applicable, confounder-
adjusted estimates and
their precision (e.g. 95%
confidence interval). Make
clear which confounders
were adjusted for and why
they were included.

(b) Report category
boundaries when
continuous variables were
categorized.

(c) If relevant, consider
translating estimates of
relative risk into absolute
risk for a meaningful time
period.

Results, Tables 1-
2, Figures 2-3

Other analyses

17

Report other analyses

Results,

done (e.g. analyses of
subgroups and
interactions, and
sensitivity analyses).

Supplemental
Tables 3-5

Key results

18

Summarize key results
with reference to study
objectives.

Interpretation

Limitations

19

Discuss limitations of the
study, taking into account
sources of potential bias
or imprecision. Discuss
both direction and
magnitude of any potential
bias.

(19.1) Discuss the implications
of using data that were not
created or collected to answer
the specific research
question(s). Include discussion
of misclassification bias,
unmeasured confounding,
missing data, and changing
eligibility over time, as they
pertain to the study being
reported.

Interpretation

Interpretation

20

Give a cautious overall
interpretation of results
considering objectives,
limitations, multiplicity of
analyses, results from
similar studies, and other
relevant evidence.

Interpretation

Generalizability

21

Discuss the
generalizability (external
validity) of the study
results.

Interpretation

Other information

Funding

Accessibility of
protocol, raw data,
and programming
code

22

Give the source of funding
and the role of the funders
for the present study and,
if applicable, for the
original study on which the
present article is based.

N/A

Funding

(22.1) Authors should provide
information on how to access
any supplemental information
such as the study protocol, raw
data, or programming code.
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Supplemental Table 2. Databases and code definitions for patient characteristics and clinical variables.

Variable Database Codes

eGFR Ontario Laboratory Information System (OLIS) Observation code=14682-9

Age Registered Persons Database (RPDB) BDATE

Dialysis Canadian Organ Replacement Register (CORR) Recipient_Treatment database
Treatment_Code# 171, 181

Kidney transplantation CORR Recipient_Treatment database
Treatment_Code= 171, 181

Serum creatinine OLIS Observation code= 14682-9

Death RPDB DTH

Diabetes mellitus

Hypertension

Neighbourhood Income
Rural Residence

Major Cancer

Ontario Diabetes Dataset (ODD)
Ontario Health Insurance Plan (OHIP)
Discharge Abstract Database (DAD)

Ontario Hypertension Dataset (HYPER)
OHIP

PCCF (Postal Code Conversion File)

RPDB

Canadian Institute for Health Information (CIHI)

DAD

National Ambulatory Care Reporting System (NACRS)

OHIP

2 OHIP dxcode 250 claims or 1 DAD
admission within 1 year after 19th
birthday

Use diagnosis before index date:

One hospital admission/SDS record with
a hypertension diagnosis, ICD 9
dxcodes: 401x, 402x, 403x, 404x, 405x,
ICD 10 dx10codes: 110, 111, 112, 113, 115,
or

- An OHIP claim with a hypertension
diagnosis followed by either an OHIP
claim or a hospital admission/SDS record
with a hypertension diagnosis within two
years. OHIP dxcodes: 401, 402, 403,
404, or 405

Calculated using Census dissemination
area and statistics Canada data
Determined using Census Postal Code
data

ICD10: 971, 980, 982, 984, 985, 986,
987, 988, 989, 990, 991, 993, C15, C18,
C19, C20, C22, C25, C34, C50, C56,
Cé1, C82, C83, C85, C91, C92, C93,
C94, C95, D00, D05, D010, D011, D012,
D022, D075 OHIP: 203, 204, 205, 206,
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Chronic Liver Disease

Ischemic Stroke

Atrial Fibrillation/Flutter

Arrhythmia (not AF)

Myocardial infarction

Congestive heart failure

Coronary artery disease (excluding
angina)

CIHI

NACRS
OHIP

CIHI

NACRS
CIHI
DAD
CIHI
DAD
NACRS
OHIP

CIHI

NACRS
CIHI
DAD
OHIP

CIHI
DAD
NACRS
OHIP

Coronary artery Bypass Grafting (CABG) CIHI

DAD
OHIP

Chronic Obstructive Pulmonary Disease CIHI

(COPD)

Percutaneous coronary intervention

DAD
OHIP

CIHI-DAD
OHIP

207, 208, 150, 154, 155, 157, 162, 174,
175, 183, 185

ICD10: B16, B17, B18, B19, 185, R17,
R18, R160, R162, B942, Z225, E831,
E830, K70, K713, K714, K715, K717,
K721, K729, K73, K74, K753, K754,
K758, K759, K76, K77 OHIP FEE: Z551,
Z554 OHIP DX 571, 573, 070

ICD10= H341, 1630, 1631, 1632, 1633,
1634, 1635, 1638, 1639, 164

ICD10:148

ICD10: 144, 145, 147, 14900, 14901, 1491,
1492, 1493, 1494, 1498, 1499, RO00 R0O01
OHIP FEE: G178, G179, G249, G261,
G259, Z443, Z431, Z437

ICD-10: 121, 122

ICD 10: 1099, 1420, 1425, 1426, 1427, 1428,
1429, 143, 1500, 1501, 1509, 1255, J81
Canadian Classification of Health
Interventions (CCl): 1HP53, 1HP55,
1HZ53GRFR, 1HZ53LAFR,
1HZ53SYFR

OHIP fee code: R701, R702, Z429
OHIP diagnosis code: 428

NACRS CCI: 1J76

CIHI-DAD ICD10-121, 122, Z955, T822
OHIP FEE: R741, R742, R743, G298,
E646, E651, E652, E654, E655, Z434,
2448

OHIP DX: 410, 412

CCl: 11J76

OHIP: R742, R743, E654, E645, E652,
E646

A patient is said to have COPD if s/he
had one physician claim COPD diagnosis
in OHIP or one COPD hospitalization in
CIHI-SDS or CIHI-DAD and is age 35
years or older

CCl: 11450, 11J57GQ, 11J54GQAZ

OHIP fee code: Z434, G262, G298
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Supplemental Table 3. Crude and adjusted hazard ratios comparing immigrants versus
non-immigrants for risk of incident chronic kidney disease re-defined as two outpatient
eGFR measurements <60 mL/min/1.73m? at least 90 days apart.

Populations Compared

Crude HR (95% CI) Adjusted HR (95% CI)
Immigrants vs. Non-Immigrants 0.39 (0.39-0.40) 0.78 (0.77-0.78)
Refugee Immigrants vs. Non-Refugee 0.80 (0.78-0.82) 1.10 (1.07-1.12)
Immigrants

Abbreviations: HR, hazard ratio.

Supplemental Table 4.

Supplemental Table 4. Crude and adjusted hazard ratios comparing immigrants versus
non-immigrants for risk of incident chronic kidney disease utilizing Fine-Gray
subdistribution hazard models accounting for the competing risk of death.

Populations Compared Crude HR (95% CI) Adjusted HR (95% CI)
Immigrants vs. Non-Immigrants 0.45 (0.44-0.46) 0.83 (0.83-0.84)
Refugee Immigrants vs. Non-Refugee 0.87 (0.85-0.88) 1.12 (1.10-1.14)
Immigrants

Abbreviations: HR, hazard ratio.

Supplemental Table 5.

Supplemental Table 5. Crude and adjusted hazard ratios comparing immigrants versus
non-immigrants for risk of incident chronic kidney disease adjusting for urine ACR.

Populations Compared Crude HR (95% CI) Adjusted HR (95% CI)
Immigrants vs. Non-Immigrants 0.43 (0.43-0.44) 0.86 (0.82-0.89)
Refugee Immigrants vs. Non-Refugee 0.87 (0.85-0.88) 1.10 (0.98-1.24)
Immigrants

Abbreviations: ACR, albumin-to-creatinine ratio; HR, hazard ratio.
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Figure 2. Adjusted Cumulative Incidence Curves for Chronic Kidney Disease among
Immigrants Versus Non-Immigrants.

20

Adjusted HR 0.80 (95% CI 0.80-0.81)

Cumulative Incidence of CKD (%)

— Immigrant

= =Non-Immigrant

0 1 2 3 4 5 6 7 8 < 10
Years
Figure 2

Chronic kidney disease defined as outpatient eGFR <60 mL/min/1.73m?. Models adjusted for
age, sex, diabetes mellitus, hypertension, baseline eGFR, rural residence, neighborhood
income quintile, and prior history of cardiovascular disease (defined as a composite of
myocardial infarction, ischemic stroke, congestive heart failure, and coronary artery bypass graft

surgery) determined at index.

Abbreviations: CKD, chronic kidney disease; HR, hazard ratio.

Figure 3. Risk of Incident Chronic Kidney Disease among Immigrants by World Region of
Origin.
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World Region of Origin Adjusted HR for Incident CKD (95% CI) Forest Plot

Non-immigrant Reference .
North America 099 (0.97-1.01) -
Africa 0.97 (0.95-0.99) -
South America 0.90 (0.88-0.93) -
Middle East 0.89 (0.87-0.91) -
Europe 0.78 (0.77-0.80) -
Asia 073(0.72-0.74) -
0.5 0.7% 1.00 128 1.50
HR
Figure 3

Chronic kidney disease defined as outpatient eGFR <60 mL/min/1.73m2. Models adjusted for
age, sex, diabetes mellitus, hypertension, baseline eGFR, rural residence, neighborhood
income quintile, and prior history of cardiovascular disease (defined as a composite of
myocardial infarction, ischemic stroke, congestive heart failure, and coronary artery bypass graft

surgery).

Abbreviations: ClI, confidence interval; CKD, chronic kidney disease; HR, hazard ratio.
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Table 3. Outcome Events and Incidence Rates among Immigrants and Non-

Immigrants.

Outcome Event

Immigrants

Non-Immigrants

Composite Kidney Outcome

Events, N (%)

Incidence Rate, Events/1,000 Person-Years

(95% ClI)

40% eGFR Decline

Events, N (%)

Incidence Rate, Events/1,000 Person-Years

(95% Cl)

Kidney Failure

Events, N (%)

Incidence Rate, Events/1,000 Person-Years

(95% Cl)

46,168 (2.05)

2.77 (2.75-2.80)

46,008 (2.04)

2.77 (2.74-2.79)

1,912 (0.08)

0.11 (0.11-0.12)

369,892 (4.52)

5.96 (5.94-5.98)

368,173 (4.50)

5.93 (5.91-5.95)

10,970 (0.13)

0.17 (0.17-0.18)

Abbreviations: Cl, confidence interval; eGFR, estimated glomerular filtration rate.

MANUSCRIPT Il SUPPLEMENTAL TABLE S3. - S5
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Supplementary Table S3. Crude and Adjusted Hazard Ratios for Kidney Outcomes by
Immigrant Status.

HR for Immigrants vs. Non-Immigrants

Outcome Event Crude HR (95% Cl) Adjusted HR (95% Cl)
Composite Kidney Outcome 0.47 (0.46-0.47) 0.70(0.69-0.71)
40% eGFR Decline 0.47 (0.46-0.47) 0.70(0.69-0.71)
Kidney Failure 0.67 (0.64-0.71) 0.79 (0.75-0.83)

Abbreviations: HR, hazard ratio.

Supplementary Table S4. Crude and Adjusted Hazard Ratios for Kidney Outcomes among
Refugee and Non-Refugee Immigrants.

Outcome Event Crude HR (95% ClI) Adjusted HR (95% CI)

Refugees vs. Non-Immigrants

Composite Kidney Outcome 0.49 (0.48-0.50) 0.80(0.79-0.82)
40% eGFR Decline 0.49 (0.48-0.50) 0.80(0.79-0.82)
Kidney Failure 0.84 (0.76-0.93) 0.93(0.84-1.03)

Non-Refugees vs. Non-Immigrants

Composite Kidney Outcome 0.46 (0.46-0.46) 0.68 (0.67-0.69)
40% eGFR Decline 0.46 (0.46-0.47) 0.68 (0.66-0.69)
Kidney Failure 0.64 (0.61-0.67) 0.76 (0.72-0.81)

Refugees vs. Non-Refugees

Composite Kidney Outcome 1.07 (1.04-1.09) 1.20(1.17-1.23)
40% eGFR Decline 1.07 (1.04-1.09) 1.20(1.17-1.23)
Kidney Failure 1.32(1.18-1.47) 1.26 (1.13-1.42)

Abbreviations: HR, hazard ratio.
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Supplementary Table S5. Crude and Adjusted Hazard Ratios for Kidney Outcomes among
Immigrants with Recent (2005-2020) and Remote (1985-2004) Landing Dates.

Outcome Event Crude HR (95% CI) Adjusted HR (95% ClI)

Recent Immigrants vs. Non-Immigrants

Composite Kidney Outcome 0.31(0.31-0.32) 0.67 (0.66-0.68)
40% eGFR Decline 0.31(0.31-0.32) 0.67 (0.66-0.68)
Kidney Failure 0.45 (0.41-0.50) 0.74 (0.67-0.82)

Remote Immigrants vs. Non-Immigrants

Composite Kidney Outcome 0.54 (0.54-0.55) 0.71(0.70-0.72)
40% eGFR Decline 0.54 (0.54-0.55) 0.71(0.70-0.72)
Kidney Failure 0.77 (0.73-0.81) 0.81(0.76-0.85)

Recent Immigrants vs. Remote Immigrants

Composite Kidney Outcome 0.57 (0.56-0.59) 0.94 (0.92-0.96)
40% eGFR Decline 0.57 (0.56-0.59) 0.94 (0.92-0.96)
Kidney Failure 0.59 (0.52-0.66) 0.92 (0.82-1.03)

Abbreviations: HR, hazard ratio.
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Figure 2. Adjusted Cumulative Incidence Curves for Adverse Kidney Outcomes

among Immigrants Versus Non-Immigrants.
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Adjusted HR 0.79 (95% CI 0.75-0.83)

Cumulative Incidence of Kidney
Failure (%)

Years

Models adjusted for age, sex, diabetes mellitus, hypertension, baseline eGFR, rural
residence, neighborhood income quintile, and prior history of cardiovascular disease
(defined as a composite of myocardial infarction, ischemic stroke, congestive heart
failure, and coronary artery bypass graft surgery) determined at index.
Abbreviations: CI, confidence interval; HR, hazard ratio.

Manuscript Il Figure 3. Risk of Adverse Kidney Outcomes among Immigrants by World
Region of Origin
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Figure 3. Risk of Adverse Kidney Outcomes among Immigrants by World Region

of Origin.

A. Composite Kidney Outcome
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Models adjusted for age, sex, diabetes mellitus, hypertension, baseline eGFR, rural

residence, neighborhood income quintile, and prior history of cardiovascular disease

(defined as a composite of myocardial infarction, ischemic stroke, congestive heart

failure, and coronary artery bypass graft surgery).

Abbreviations: Cl, confidence interval; HR, hazard ratio.
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