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BACKGROUND: There are limited data on the association of material deprivation with clinical care and outcomes after atrial
fibrillation (AF) diagnosis in jurisdictions with universal health care.

METHODS: This was a population-based cohort study of individuals 266 years of age with first diagnosis of AF between April 1,
2007, and March 31, 2019, in the Canadian province of Ontario, which provides public funding and prohibits private payment for
medically necessary physician and hospital services. Prescription medications are subsidized for residents >65 years of age. The
primary exposure was neighborhood material deprivation, a metric derived from Canadian census data to estimate inability to attain
basic material needs. Neighborhoods were categorized by quintile from Q1 (least deprived) to Q5 (most deprived). Cause-specific
hazards regression was used to study the association of material deprivation quintile with time to AF-related adverse events (death
or hospitalization for stroke, heart failure, or bleeding), clinical services (physician visits, cardiac diagnostics), and interventions
(anticoagulation, cardioversion, ablation) while adjusting for individual characteristics and regional cardiologist supply.

RESULTS: Among 347632 individuals with AF (median age 79 years, 48.9% female), individuals in the most deprived
neighborhoods (Q5) had higher prevalence of cardiovascular disease, risk factors, and noncardiovascular comorbidity relative
to residents of the least deprived neighborhoods (Q1). After adjustment, Q5 residents had higher hazards of death (hazard
ratio [HR], 1.16 [95% ClI, 1.13-1.20]) and hospitalization for stroke (HR, 1.16 [95% ClI, 1.07-1.27]), heart failure (HR, 1.14
[95% CI, 1.11=1.18]), or bleeding (HR, 1.16 [95% CI, 1.07-1.25]) relative to Q1. There were small differences across
quintiles in primary care physician visits (HR, Qb versus Q1, 0.91 [95% Cl, 0.89-0.92]), echocardiography (HR, Q5 versus
Q1, 0.97 [95% Cl, 0.96-0.99]), and dispensation of anticoagulation (HR, Q5 versus Q1, 0.97 [95% Cl, 0.95-0.98]). There
were more prominent disparities for Q5 versus Q1 in cardiologist visits (HR, 0.84 [95% Cl, 0.82-0.86]), cardioversion (HR,
0.80 [95% ClI, 0.76—0.84]), and ablation (HR, 0.45 [95% ClI, 0.30-0.67]).

CONCLUSIONS: Despite universal health care and prescription medication coverage, residents of more deprived neighborhoods
were less likely to visit cardiologists or receive rhythm control interventions after AF diagnosis, even though they exhibited
higher cardiovascular disease burden and higher risk of adverse outcomes.
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Clinical Perspective

What Is New

» This was a population-based study of individuals
>66 years of age newly diagnosed with atrial fibril-
lation (AF) in the Canadian province of Ontario,
which provides universal health care and prescrip-
tion drug coverage to residents and prohibits pri-
vate payment for covered services.

* Residents of more deprived neighborhoods had
higher rates of death, stroke, heart failure, and
bleeding after AF diagnosis but were less likely to
visit cardiologists or receive rhythm control inter-
ventions, despite adjustment for comorbidities.

* Residents of more materially deprived neighbor-
hoods had minimal differences in primary care
access, anticoagulation, and echocardiography
after AF diagnosis relative to residents of less
deprived neighborhoods.

What Are the Clinical Implications?

* It may be possible to ameliorate disparities in some
care processes, such as anticoagulation for AF, by
reducing financial barriers to health care access.

* Universal health care is less likely to eliminate dis-
parities in care processes that are complex, time-
intensive, and dependent on specialists without
addressing other barriers to accessing health care.

e Universal health care systems can have substan-
tial disparities in accessing scarce health care
resources (such as ablation for AF in this study),
highlighting the need for additional measures to
promote health equity.

Nonstandard Abbreviations and Acronyms

AF atrial fibrillation

CVD cardiovascular disease
HF heart failure

HR hazard ratio

SES socioeconomic status

trial fibrillation (AF) is the most common sustained
Aarrhythmia‘ and portends high risk of stroke, heart

failure (HF), and death.2* As with most cardiovas-
cular diseases (CVDs), individuals with AF who reside in
neighborhoods with lower measures of socioeconomic
status (SES) have been consistently reported to have
higher risks of adverse outcomes.®® Many (but not all)
studies also report that residents of neighborhoods with
lower SES are less likely to receive optimal care for AR~
" This association of SES with outcomes among people
with AF may be partly mediated through material depri-
vation and reduced access to health insurance.
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Stroke prevention is a central focus of care for individ-
uals with AF, which lends itself to a concrete intervention
(anticoagulation of higher-risk patients) that is strongly
recommended by guidelines.””> Beyond anticoagula-
tion, optimal care for individuals with AF also requires
a multifaceted approach to address risk factors for
common comorbidities, such as HF and atherosclerotic
CVD, because they contribute a greater burden of mor-
tality and morbidity than stroke.?™* Rhythm control can
also improve quality of life for people with AF. Further-
more, recent data suggest better outcomes for selected
patients who receive early rhythm control, particularly
ablation, soon after AF diagnosis.’®'* These aspects of
care for individuals with AF place greater demands on
their time and require more specialized expertise that
is often centralized in tertiary care settings. Thus, there
may be varying gradients by material deprivation for dif-
ferent care processes, with greater disparities observed
for processes of care that are complex, time-intensive,
and dependent on specialists.

Most studies on the association of SES with care
for individuals with AF come from health care systems
that allow for private payment to access health care,
making it difficult to disentangle inability to pay for
health care from other challenges faced by residents
of lower SES neighborhoods. The Canadian prov-
ince of Ontario provides public funding for medically
necessary physician and in-hospital care through the
Ontario Health Insurance Plan, while prohibiting pri-
vate payment for these services. Prescription medi-
cations are also provided through the Ontario Drug
Benefit program to individuals 265 years of age with
copayments of $2 to $6.11 per prescription after
a $100 annual deductible. There is no limit on the
number of prescriptions covered by the Ontario Drug
Benefit, as long as they are part of the provincial
formulary. These policies provide the opportunity to
study the association of material deprivation with care
for individuals with AF when there are few barriers
related to the direct costs of prescriptions and physi-
cian and hospital services.

We conducted a population-based cohort study to
evaluate the association between neighborhood-level
material deprivation with processes of care and out-
comes after AF diagnosis in older adults in Ontario,
Canada. The stated hypotheses were as follows: (1) resi-
dents of neighborhoods with greater material deprivation
would receive worse AF care despite being at greater
risk for adverse outcomes; (2) health care disparities
would be less prominent for anticoagulation, which is
strongly emphasized in guidelines, funded for elderly
individuals, and can be provided by general practitioners;
(3) larger disparities would be observed for rhythm con-
trol interventions, particularly ablation, because they are
emphasized less strongly within guidelines and require
access to specialized care, with concomitant patient/
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caregiver burdens of time and resources required for
travel, appointments, and potential procedures.

METHODS

Cohort Creation

This population-based cohort study was conducted using
administrative databases that were linked using unique
encoded patient identifiers and analyzed at ICES (previously
the Institute for Clinical Evaluative Sciences).”® The use of data
in this project was authorized under section 45 of Ontario’s
Personal Health Information Protection Act, which does not
require review by a research ethics board. Data sharing agree-
ments prohibit ICES from making the data set publicly available,
but access may be granted to those who meet prespecified cri-
teria for confidential access (available at www.ices.on.ca/DAS).

The Canadian Institute for Health Information Discharge
Abstract Database records data on hospitalized patients and
the National Ambulatory Care Reporting System collects data
on emergency department visits. Physician billing claims are
recorded in the Ontario Health Insurance Plan database and
drug dispensation records in the Ontario Drug Benefit data-
base. The Ontario Laboratories Information System database
contains information on laboratory test results, including cre-
atinine levels. The Registered Persons Database maintains vital
statistics, including date of death. The Immigration, Refugees
and Citizenship Canada Permanent Resident database was
used to identify individuals who immigrated to Canada after
1984 (henceforth referred to as recent immigrants). Invasive
cardiac procedures, including AF ablation, are tracked by
CorHealth, a nonprofit agency funded by the Ministry of Health.

These linked datasets were used to create a cohort of
community-dwelling adults who were documented to have
AF between April 1, 2007, and March 31, 2019. The algo-
rithm requires 1 record of AF in hospital discharge records
or the emergency department or 4 physician billing claims
for International Classification of Diseases, 9th revision, code
427 in 365 days (physician billing claims to Ontario Health
Insurance Plan use International Classification of Diseases,
9th revision, diagnostic codes). The algorithm was validated to
have specificity of 99.1% (95% Cl, 98.9%-99.3%) for AF.'®
The index date was that of the earliest AF hospital, emergency
department, or physician billing record. For patients identified
through physician billing codes, this approach may introduce
an immortal time bias but was adopted for the primary analyses
because patients can receive interventions and be hospital-
ized between the first and fourth physician visits. In a sensitivity
analysis, the index date was set to the date of the fourth phy-
sician billing code. We excluded individuals with missing key
data (age, sex, Ontario Health Insurance Plan number, mate-
rial deprivation score), AF diagnoses in the preceding b years,
or age <66 or >105 years; those who were not residents of
Ontario; and those who were long-term care residents.

The key exposure was neighborhood material depri-
vation, which is 1 of the 4 dimensions of the 2016 Ontario
Marginalization Index.'™'® This measure aims to estimate neigh-
borhood residents’ inability to attain basic material needs by
incorporating indicators of household income, housing qual-
ity, educational attainment, and the family structure of neigh-
borhood residents. The specific indicators used to determine
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material deprivation are summarized in Table S1. These indica-
tors were obtained from 2016 Canadian census—derived data
on 20640 dissemination areas and 2376 census tracts.'® The
dissemination area, which is the smallest standard geographic
area for which all census data are disseminated, consists of 1
or more adjacent blocks with a mean population of 400 to 700
people. The census tract is a small, relatively stable geographic
unit of <10000 people located in census metropolitan areas
and census agglomerations having an urban core population
of 260000 people. The immigration and visible minority dimen-
sion of the Ontario Marginalization Index'"'® was also deter-
mined; this estimates neighborhood concentrations of people
who self-identify as a visible minority or who immigrated to
Canada within the previous b years.

Ontario neighborhoods were categorized by quintile of
material deprivation from the lowest quintile (Q1; least deprived)
to the highest quintile (Q5; most deprived) because the princi-
pal component scores can be skewed.'"'® The ICES physician
database was used to estimate the per capita cardiologist sup-
ply in each of the 76 local health integration network planning
areas (subregions) within the province.?® Other covariates of
interest were determined from administrative data sets using
validated algorithms wherever possible. The lookback period?!
for identification of baseline data in administrative datasets was
lifetime for chronic diseases, b years for episodic diagnoses
(eg, myocardial infarction), 1 year for physician visits, diagnos-
tic tests, and laboratory measurements, and 6 months for drug
dispensation records.

Three categories of outcomes were studied over 365 days
after the index date. The first category encompassed adverse
events relevant to individuals with AF: all-cause mortality and
hospitalization with most responsible diagnosis of stroke, HF or
bleeding (in separate analyses). The second category encom-
passed clinical services: visiting a primary care physician, vis-
iting a cardiologist, or receipt of echocardiography. We also
studied ambulatory electrocardiographic monitoring (Holter or
loop monitors) as a surrogate for testing intensity or patient
availability for determination of rate control or symptom—rhythm
correlation. The third category encompassed AF-related inter-
ventions: anticoagulation with warfarin or direct oral anticoagu-
lant, antiarrhythmic drug therapy (amiodarone, sotalol, flecainide,
or propafenone [dronedarone and dofetilide are not covered
by the Ontario Drug Benefit]), cardioversion, and AF ablation.
For individuals who were dispensed at least 1 prescription for
anticoagulation, drug dispensation records were analyzed to
determine nonpersistence over 1 year. Nonpersistence was
defined as noncontinuous use of an anticoagulant after first
dispensation during the study period with an allowable gap of
up to 30 days between prescription refills. Analyses focused on
AF ablation and direct oral anticoagulants were conducted for
the subset of individuals with an index date after 2012 given
limited availability of these interventions before 2013.

Statistical Analyses

Individuals were categorized by quintile of neighbor-
hood material deprivation. Baseline characteristics were
described using the median (interquartile range) for continu-
ous variables. Statistical significance was tested using the
Kruskal-Wallis test. Categorical data were summarized using
percentages (with counts) with the %2 test for determination
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of statistical significance. The complement of the Kaplan-
Meier function was used to estimate 1-year risk of death and
cumulative incidence functions were used to estimate the
incidence of other outcomes.

Cause-specific hazards regression was used to study the
association of deprivation quintile with the aforementioned out-
comes. We accounted for clustering at the level of the dissemi-
nation area in our analytic models by estimating the maximum
partial likelihood using a robust sandwich covariance matrix to
account for intracluster dependence when estimating regres-
sion measures. Death was treated as a competing risk and indi-
viduals were censored if they were alive and event-free for the
outcome of interest at 365 days. The models adjusted for age,
sex, source of AF diagnosis (hospitalization, emergency depart-
ment, outpatient), year of diagnosis, rural residence, recent
immigration, HF, hypertension, diabetes, stroke or transient
ischemic attack, vascular disease, previous bleeding, liver dys-
function, chronic obstructive pulmonary disease, chronic kidney
disease, cancer, excessive alcohol use, recreational drug use,
hospital frailty score,?? and the per capita supply of cardiologists
in the local health integration network subregion (see Table S2
for variable definitions).

Two sets of post hoc analyses were conducted after review
of these results. First, the regression analyses were repeated,
with inclusion of cardiologist visits after the index date as a
time-varying covariate. Second, residents of neighborhoods in
the lowest and highest quintiles of material deprivation were
compared after 1:1 propensity score matching using a caliper
width of 0.1. The logistic regression model used to estimate the
propensity score incorporated the same variables used in the
cause-specific hazard models. Outcomes were then compared
between the matched sets, while accounting for the matched
nature of the sample.

All analyses were performed using SAS Enterprise Guide
7.1 (SAS Institute Inc). Given the large sample size, P values
were not reported so as to direct attention to effect size and
95% Cls.

RESULTS

Baseline Characteristics

A total of 347632 individuals met study criteria (see Fig-
ure S1). Median age was 79 years (interquartile range, 72—
84) and 177712 (51.1%) participants were men. Base-
line characteristics are summarized in the Table. There
was greater representation of individuals from neighbor-
hoods with higher deprivation scores in the AF cohort,
with 64 734 (18.6%) from the least deprived quintile (Q1)
and 72912 (21.0%) from the most deprived quintile (O5).
Neighborhood material deprivation was positively corre-
lated with immigration and visible minority quintile. Resi-
dents of more deprived neighborhoods had greater repre-
sentation of women (46.3% women in Q1 versus 52.5%
in Q5) and recent immigrants (4.3% in Q1 versus 8.8%
in OB). Individuals with AF from more deprived neighbor-
hoods were more likely to have preexisting cardiovascular
disease and potential complications of AF, such as stroke,
HF myocardial infarction, and dementia. They were also
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more likely to have hypertension, diabetes, previous bleed-
ing, and noncardiovascular comorbidity.

Outcomes and Clinical Care After AF Diagnosis

Adverse outcomes occurred with a gradient of increas-
ing risk from less to more deprived neighborhoods. The
crude risk of death at 1 year was 17.9% (95% Cl, 17.6%-—
18.2%) in Q5 and 14.1% (95% CI, 13.8%—14.3%) in
Q1 residents. The 1-year risk of hospitalization was 1.8%
(95% Cl, 1.7%-1.8%) in Qb versus 1.4% (1.3%-1.5%)
in Q1 residents for stroke, 2.2% (95% Cl, 2.1%-2.3%) in
Qb versus 1.8% (95% ClI, 1.7%-1.9%) in Q1 residents
for bleeding, and 14.1% (95% Cl, 13.9%—14.4%) in Q5
versus 10.8% (95% ClI, 10.5%-11.0%) in Q1 residents
for HF. After adjustment for baseline characteristics (Fig-
ure 1), individuals residing in the most deprived quintile
(0B) had a higher hazard of death (hazard ratio [HR],
1.16 [95% ClI, 1.13-1.20]) and hospitalization for stroke
(HR, 1.16 [95% ClI, 1.07-1.27]), HF (HR, 1.14 [95% CI,
1.11-1.18]), or bleeding (HR, 1.16 [95% CI, 1.07-1.25])
than residents of the least deprived quintile (Q1).

Despite having worse baseline health and higher rates
of adverse outcomes, individuals with AF living in the most
deprived neighborhoods were less likely to receive physi-
cian visits or cardiac diagnostics (Figure 2). The 1-year
incidence of primary care physician visits was 63.6%
(95% Cl, 63.2%—-63.9%) for Q5 versus 68.0% (95% Cl,
67.6%-68.4%) for Q1 residents; the 1-year incidence of
cardiologist visits was 27.9% (95% Cl, 27.6%-28.3%) for
Qb residents versus 34.0% (95% Cl, 33.6%—-34.4%) for
Q1 residents. After adjusting for baseline characteristics,
residents of the most deprived neighborhoods were less
likely to see a primary care physician (HR, 0.91 [95% Cl,
0.89-0.92], Q5 relative to Q1) and even less likely to see
a cardiologist (HR, 0.84 [95% ClI, 0.82-0.86], Q5 versus
Q1). They were less likely to receive an echocardiogram
(HR, 0.97 [95% ClI, 0.96-0.99], Q5 versus Q1) or ambu-
latory electrocardiographic monitoring (HR, 0.89 [95% C],
0.87-0.91], Q5 versus Q1) relative to individuals living in
less deprived neighborhoods.

Figure 3 demonstrates gradients in the receipt of
AF-related interventions by neighborhood quintile. The
crude incidence of anticoagulation at 1 year was 53.9%
(95% Cl, 53.5%-54.2%) for Qb residents and 56.8%
(56.5%-572%) for Q1 residents. After adjustment,
there was a lower hazard of dispensing anticoagulation
for individuals living in the most deprived neighborhoods
(HR, 0.97 [95% CI, 0.95-0.98], Q5 versus Q1). When
analyzing individuals diagnosed after 2012, there was
less dispensation of full-dose direct oral anticoagulants
(HR, 0.97 [95% CI, 0.94~1.00], Q5 versus Q1) and com-
parable dispensation of reduced-dose direct oral anti-
coagulants (HR, 1.01 [95% Cl, 0.98-1.04], Q5 versus
Q1). Among 193590 individuals who were dispensed
an anticoagulant, 68512 (35.4%) met the definition for
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Table. Baseline Characteristics by Quintile of Material Deprivation of Individuals’ Residence
Q1 (least deprived; | Q2 Q3 Q4 Q5 (most deprived;

Characteristics n=64734) (n=67724) (n=69231) (n=73031) n=72912) P value
Age, y 78 (72-84) 78 (72-84) 79 (73-84) 79 (73-85) 79 (73-85) <0.001
Female sex 29973 (46.3) 31791 (46.9) | 33213 (48.0) 36656 (50.2) | 38287 (52.5) <0.001
Rural residence 5374 (8.3) 10053 (14.8) | 12437 (18.0) 11879 (16.3) 6520 (8.9) <0.001
Recent immigration (immigrated to Canada after 2765 (4.3) 3491 (5.2) 3996 (5.8) 5418 (7.4) 6439 (8.8) <0.001
1984)
Regional per capita cardiologist supply in the LHIN | 4 (2-7) 4 (1-5) 4 (1-5) 4 (2-6) 4 (2-6) <0.001
subregion
Neighborhood immigration and visible minority concentration quintile

Quintile 1 (lowest visible minority concentration) | 10419 (16.1) 16432 (24.3) | 20460 (29.6) 19103 (26.2) 13349 (18.3) <0.001

Quintile 2 18876 (29.2) 17498 (25.8) | 15223 (22.0) 12911 (17.7) 10878 (14.9)

Quintile 3 20067 (31.0) 14316 (21.1) | 11210 (16.2) | 10924 (15.0) | 10829 (14.9)

Quintile 4 11269 (17.4) 13405 (19.8) | 12851 (18.6) | 12571 (17.2) 13123 (18.0)

Quintile 5 (highest visible minority concentration) | 4103 (6.3) 6073 (9.0) 9487 (13.7) 17522 (24.0) 24733 (33.9)
Source of index event

Hospitalization 18888 (29.2) 19382 (28.6) | 19849 (28.7) | 21621 (29.6) | 22029 (30.2) <0.001

Emergency department 17846 (27.6) 18868 (27.9) | 19420 (28.1) | 20202 (27.7) 20298 (27.8)

Out of hospital (through physician billing codes) | 28000 (43.3) 29474 (43.5) 290062 (43.3) | 31208 (42.7) | 30585 (41.9)
Congestive heart failure 17280 (26.7) 19827 (28.5) | 20331 (29.4) 22621 (31.0) 241833 (33.1) <0.001
Hypertension 52408 (81.0) 56214 (83.0) | 58060 (83.9) | 62116 (85.1) | 62688 (86.0) <0.001
Diabetes 19036 (29.4) 21755 (32.1) | 23315 (33.7) 26049 (35.7) 28054 (38.5) <0.001
Nonhemorrhagic stroke or TIA 3569 (5.5) 3795 (5.6) 3980 (5.7) 4168 (5.7) 4387 (6.0) <0.001
Ischemic heart disease 20619 (31.9) 22878 (33.8) | 23722 (34.3) | 25433 (34.8) | 26105 (35.8) <0.001
Myocardial infarction 4748 (7.3) 5369 (7.9) 5722 (8.3) 6141 (8.4) 6591 (9.0) <0.001
Percutaneous coronary intervention 2690 (4.2) 2885 (4.3) 3100 (4.5) 3212 (4.4) 3236 (4.4) 0.02
Coronary artery bypass surgery 2692 (4.2) 2748 (4.1) 2745 (4.0) 2740 (3.8) 2573 (3.5) <0.001
Peripheral vascular disease 1649 (2.5) 1783 (2.6) 1940 (2.8) 2159 (3.0) 2359 (3.2) <0.001
Chronic obstructive pulmonary disease 16697 (25.8) 19468 (28.7) | 21114 (30.5) 23244 (31.8) 25704 (35.3) <0.001
Stages of chronic kidney disease, glomerular filtration rate, mL/min per 1.73 m?

>90 3711 (5.7) 3786 (5.6) 3858 (5.6) 3994 (5.5) 3970 (5.4) <0.0001

>60 to 90 26438 (40.8) 26506 (39.1) | 26218 (37.9) 26923 (36.9) 25141 (34.5)

>30 to 60 15592 (24.1) 16642 (24.6) | 17257 (24.9) 18612 (25.5) 18587 (25.5)

15 to 30 2165 (3.3) 2588 (3.8) 2777 (4.0) 3044 (4.2) 3215 (4.4)

<15 or dialysis 648 (1.0) 738 (1.1) 860 (1.2) 970 (1.3) 1050 (1.4)

Undetermined 16190 (25.0) 17464 (25.8) | 18261 (26.4) 19488 (26.7) 20949 (28.7)
Liver dysfunction (including cirrhosis) 350 (0.5) 430 (0.6) 416 (0.6) 496 (0.7) 558 (0.8) <0.001
Dementia 5945 (9.2) 6407 (9.5) 6420 (9.3) 7015 (9.6) 7348 (10.1) <0.001
Previous cancer 7444 (11.5) 7599 (11.2) 7945 (11.5) 8223 (11.3) 8094 (11.1) 0.09
Health system contact for alcohol use 1071 (1.7) 1134 (1.7) 1177 (1.7) 1290 (1.8) 1757 (2.4) <0.001
Health system contact for recreational drug use 1372 (2.1) 1453 (2.1) 1516 (2.2) 1689 (2.3) 2164 (3.0) <0.001
Bleeding diagnoses during previous hospitaliza- 7373 (11.4) 8050 (11.9) 8254 (11.9) 8997 (12.3) 9182 (12.6) <0.001
tions

Upper Gl bleeding 1742 (2.7) 1858 (2.7) 1983 (2.9) 2150 (2.9) 2360 (3.2) <0.001

Lower Gl bleeding 3908 (6.0) 4221 (6.2) 4585 (6.6) 4976 (6.8) 5094 (7.0) <0.001

Intracranial bleeding 408 (0.6) 406 (0.6) 410 (0.6) 468 (0.6) 480 (0.7) 0.47

Hemorrhagic stroke 269 (0.4) 284 (0.4) 268 (0.4) 306 (0.4) 331 (0.5) 0.43

Values are median (interquartile range) or n (%). Gl indicates gastrointestinal; LHIN, local health integration network; and TIA, transient ischemic attack.
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o Outcome Sample Events Crude Adjusted HR
= Size Rate, % Q1-referent (95% Cl)
(79
L2 Death
o= Q1 (Least deprived) 64734 9099 14.1 ] 1
= Q2 67724 10212 15.1 - 1.05 (1.02, 1.08)
= Q3 69231 10911 15.8 - 1.08 (1.05, 1.11)
= Q4 73031 11976 16.4 R 1.1(1.07, 1.13)
S Q5 (Most deprived) 72912 13049 17.9 - 1.16 (1.13, 1.2)
Stroke hospitalization
Q1 (Least deprived) 64734 925 1.4 * 1
Q2 67724 1040 1.5 -— 1.06 (0.97, 1.16)
Q3 69231 1110 1.6 —— 1.1(1, 1.2)
Q4 73031 1262 1.7 —— 1.16 (1.07, 1.27)
Q5 (Most deprived) 72912 1276 1.8 —_— 1.16 (1.07, 1.27)
Bleeding hospitalization
Q1 (Least deprived) 64734 1167 1.8 * 1
Q2 67724 1368 2.0 —— 1.1(1.02, 1.19)
Q3 69231 1414 2.0 —— 1.1(1.02, 1.19)
Q4 73031 1537 2.1 —— 1.12 (1.04, 1.21)
Q5 (Most deprived) 72912 1610 2.2 —— 1.16 (1.07, 1.25)
Heart failure hospitalization
Q1 (Least deprived) 64734 6962 10.8 * 1
Q2 67724 7693 11.4 - 1.01 (0.98, 1.04)
Q3 69231 8301 12.0 - 1.04 (1.01, 1.07)
Q4 73031 9348 12.8 - 1.07 (1.04, 1.11)
Q5 (Most deprived) 72912 10294 14.1 - 1.14(1.11, 1.18)
0.5 0.75 1 1.25 1.5
Lower Hazard relative to Q1 Higher Hazard relative to Q1

Figure 1. Adverse outcomes within 1 year of first atrial fibrillation documentation by material deprivation of individuals’
neighborhood.

Hazard ratios are relative to individuals living in neighborhoods in the first quintile (least deprived) and are adjusted for age, sex, source of AF
diagnosis (hospitalization, emergency department, outpatient), year of diagnosis, rural residence, immigration status, heart failure, hypertension,
diabetes, stroke or transient ischemic attack, vascular disease, previous bleeding, liver dysfunction, chronic obstructive pulmonary disease, chronic
kidney disease, cancer, excessive alcohol use, recreational drug use, hospital frailty score, and per capita cardiologist supply.

nonpersistence, without a significant difference across
neighborhood quintiles (HR for nonpersistence in Q5
versus Q1, 1.02 [95% ClI, 0.99-1.04]).

Rhythm control was attempted in a minority of individu-
als; the 1-year crude incidence of antiarrhythmic dispen-
sation was 10.4% (95% Cl, 10.1%-10.6%) in Qb versus
11.4% (95% CI, 11.2%-11.7%) in Q1 residents and the
incidence of cardioversion was 3.8% (95% Cl, 3.6%—
3.9%) in Qb residents versus 5.3% (95% ClI, 5.1%-5.5%)
in Q1 residents. These disparities in rhythm control per-
sisted after adjusting for comorbidities that may decrease
eligibility for these interventions. Relative to residents of
the least deprived neighborhoods (Q1), those residing in
the most deprived quintile (Q5) had an HR of 0.92 (95%
Cl, 0.89-0.96) for antiarrhythmic medication dispensation
and 0.80 (95% Cl, 0.76—0.84) for cardioversion.

A total of 319 individuals among 185718 people diag-
nosed after 2012 underwent AF ablation within 1 year
of AF diagnosis (see Table S3). The median time to abla-
tion was 238 days (interquartile range, 160-311). People
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undergoing ablation were younger (median age 70 years
[interquartile range, 68—73]) than those who did not receive
the intervention, with no significant differences by sex,
immigration status, rurality, or neighborhood immigration
and visible minority concentration quintile. People undergo-
ing ablation were generally healthier with lower prevalence
of most comorbidities. Despite constituting 20.1% of the
cohort diagnosed after 2012, only 10.3% of people who
underwent ablation were residents of Qb neighborhoods.
In contrast, 29.8% of people who underwent ablation were
from Q1 neighborhoods, despite constituting 19.7% of the
cohort diagnosed after 2012. After adjustment, there was
a significantly lower hazard of ablation for individuals living
in the most deprived neighborhoods (adjusted HR relative
to Q1, 0.45 [95% ClI, 0.30-0.67]).

Sensitivity and Post Hoc Analyses

There were comparable results in the sensitivity analy-
ses that set the index date as that of the fourth out-
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Outcome Sample Events Crude
size Rate, %

Primary care visits

Q1 (Least deprived) 64734 44016 68.0

Q2 67724 45802 67.6

Q3 69231 46211 66.7

Q4 73031 48555 66.5

Q5 (Most deprived) 72912 46362 63.6
Cardiologist visits

Q1 (Least deprived) 64734 22016 34.0

Q2 67724 21266 31.4

Q3 69231 21166 30.6

Q4 73031 21362 29.3

Q5 (Most deprived) 72912 20374 27.9
Echocardiography

Q1 (Least deprived) 64734 37642 58.1

Q2 67724 39151 57.8

Q3 69231 39386 56.9

Q4 73031 41027 56.2

Q5 (Most deprived) 72912 40152 55.1
Ambulatory ECG monitoring

Q1 (Least deprived) 64734 25384 39.2

Q2 67724 25950 38.3

Q3 69231 25532 36.9

Q4 73031 26010 35.6

Q5 (Most deprived) 72912 23878 32.7

Lower Hazard relative to Q1

Adjusted HR
Q1-referent (95% Cl)

*’ 1
. 0.99 (0.98, 1.01)
. 0.97 (0.96, 0.99)
. 0.97 (0.96, 0.98)
. 0.91 (0.89, 0.92)

+ 1
- 0.95 (0.93, 0.97)

+ 0.94 (0.91, 0.96)

- 0.89 (0.87, 0.92)
- 0.84 (0.82, 0.86)

1
1(0.99, 1.02)
1(0.98, 1.02)
0.99 (0.97, 1)
0.97 (0.96, 0.99)

LA S

* 1
. 1(0.98, 1.03)
- 0.98 (0.96, 1)
- 0.96 (0.94, 0.99)
. 0.89 (0.87, 0.91)
025 05 075 1 1.25

Higher Hazard relative to Q1

Figure 2. Atrial fibrillation-related clinical services within 1 year of first atrial fibrillation documentation by material deprivation

of individuals’ neighborhood.

Hazard ratios are relative to individuals living in neighborhoods in the first quintile (least deprived) and are adjusted for age, sex, source of atrial
fibrillation diagnosis (hospitalization, emergency department, outpatient), year of diagnosis, rural residence, immigration status, heart failure,
hypertension, diabetes, stroke or transient ischemic attack, vascular disease, previous bleeding, liver dysfunction, chronic obstructive pulmonary
disease, chronic kidney disease, cancer, excessive alcohol use, recreational drug use, hospital frailty score, and per capita cardiologist supply.

patient physician billing for people diagnosed with AF
out of hospital (see Figures S2-S4). When visiting a
cardiologist after the index date was incorporated into
the cause-specific hazard regression analyses as a
time-varying covariate, residence in Qb continued to
be associated with higher hazard of adverse outcomes
but lower hazard of receiving most processes of care
(illustrated in Figures S5-S7). Seeing a cardiologist
was associated with a lower hazard of death, stroke,
or bleeding hospitalizations, but higher hazard of HF
hospitalization. Visiting a cardiologist was positively
associated with receipt of most processes of care but
was associated with lower hazard of a primary care
physician visit and no difference in anticoagulation
nonpersistence (see Figure 4),

The propensity score—matched analysis yielded
44186 pairs of matched individuals from Q1 and Q5
neighborhoods, with standardized differences <0.01 in
all measured baseline characteristics included in the
model (see Table S4). The association of outcomes with
neighborhood quintile was comparable with what was
observed in the regression analysis, with higher risk of

Circulation. 2022;146:159-171. DOI: 10.1161/CIRCULATIONAHA.122.0568949

most adverse outcomes but lower likelihood of receiving
most processes of care for residents in Qb relative to Q1
neighborhoods. The single exception was that there was
no significant difference in the hazard of stroke within
matched participants from Qb relative to Q1 neighbor-
hoods (HR, 1.08 [95% CI, 0.97-1.19]). The HRs are
summarized in Figure 5.

DISCUSSION

This population-based cohort study described the asso-
ciation of neighborhood-level material deprivation with
processes of care and outcomes for people with AF in a
single-payer health system that minimizes direct medical
care costs. Compared with people with AF residing in the
least deprived neighborhoods, individuals residing in the
most deprived neighborhoods had ~15% higher hazard
of death or hospitalization for stroke, HF, or bleeding at
1 year. Despite this, there was a notable risk—treatment
mismatch, with less receipt of most care processes by
residents of more deprived neighborhoods.
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Outcome Sample Events Crude AdeUStEd HR
Anticoagulation size Rate, % Q1-referent (35% Cl)
Q1 (Least deprived) 64734 36800 56.8 * 1
Q2 67724 38170 56.4 * 0.99 (0.98, 1.01)
Q3 69231 38817 56.1 * 1(0.98, 1.01)
Q4 73031 40519 55.5 * 0.99 50.98, 1.01
Q5 (Most deprived) 72912 39284 53.9 * 0.97 (0.95, 0.98
Full-dose DOAC
Q1 (Least deprived) 36,528 12092 33.1 * 1
Q2 36,821 11652 31.6 -+ 0.97 (0.95, 1)
Q3 36,739 11191 30.5 -+ 0.96 (0.93, 0.98)
Q4 38,318 11468 29.9 - 0.97 (0.95, 1)
Q5 (Most deprived) 37,312 10957 29.4 -+ 0.97 (0.94, 1)
Reduced-dose DOAC
Q1 (Least deprived) 36528 7780 21.3 * 1
Q2 36821 7941 21.6 - 1.01 (0.98, 1.05)
Q3 36739 7852 21.4 - 1(0.97, 1.03)
Q4 38318 8523 22.2 e 1.03 (1, 1.06)
Q5 (Most deprived) 37312 8135 21.8 - 1.01(0.98, 1.04)
Anticoagulation nonpersistence
Q1 (Least deprived) 36800 12855 34.9 * 1
Q2 38170 13403 35.1 * 1(0.97, 1.02)
Q3 38817 13800 356 - 1.01 (0.98, 1.03)
Q4 40519 14308 35.3 + 1(0.97, 1.02)
Q5 (Most deprived) 39284 14146 36.0 g 1.02 (0.99, 1.04)
Antiarrhythmic medication
Q1 (Least deprived) 64734 7402 11.4 * 1
Q2 67724 7538 11.1 ha 0.97 (0.94, 1)
Q3 69231 7794 11.3 - 0.99 (0.95, 1.02)
Q4 73031 8055 11.0 - 0.97 {0.94, 1.01}
Q5 (Most deprived) 72912 7553 10.4 - 0.92 (0.89, 0.96
Cardioversion
Q1 (Least deprived) 64734 3422 5.3 * 1
Q2 67724 3157 4.7 —— 0.91 (0.86, 0.96)
Q3 69231 3164 4.6 —— 0.91 20.87, 0 96;
Q4 73031 3224 4.4 — 0.91 (0.87, 0.96
Q5 (Most deprived) 72912 2756 3.8 —— 0.8 (0.76, 0.84)
Ablation
Q1 (Least deprived) 36528 95 0.3 . 1
Q2 36821 72 0.2 —_—————— 0.81(0.59, 1.11)
Q3 36739 68 0.2 —_— 0.82 20.6, 1.12)
Q4 38318 51 0.1 I S— 0.63 (0.45, 0.89)
Q5 (Most deprived) 37312 33 0.1 e 0.45 (0.3, 0.67)
0.25 0.5 0.75 1 1.25
Lower Hazard relative to Q1 Higher Hazard relative to Q1

Figure 3. Atrial fibrillation-related interventions within 1 year of first atrial fibrillation documentation by material deprivation of

individuals’ neighborhood.

Hazard ratios are relative to individuals living in neighborhoods in the first quintile (least deprived) and are adjusted for age, sex, source of atrial
fibrillation diagnosis (hospitalization, emergency department, outpatient), year of diagnosis, rural residence, immigration status, heart failure,
hypertension, diabetes, stroke or transient ischemic attack, vascular disease, previous bleeding, liver dysfunction, chronic obstructive pulmonary
disease, chronic kidney disease, cancer, excessive alcohol use, recreational drug use, hospital frailty score, and per capita cardiologist supply.

DOAC indicates direct oral anticoagulant.

This cohort of people with incident AF had greater
representation from residents of more deprived neigh-
borhoods, mirroring observations from other jurisdictions
with universal health care.?® There was notable hetero-
geneity in the associations of neighborhood material
deprivation with different aspects of care for individuals
with AF. There were minimal differences in anticoagu-
lation dispensation rates and no detectible differences
in persistence after initiation of anticoagulation. There
were small differences in the likelihood of undergoing an
echocardiogram or accessing primary care. The absence

of substantial differences in these care processes may
reflect the strong emphasis on these measures in AF
guidelines, relative ease of implementation, or fewer
barriers to access in a single-payer system. These mea-
sures also typically impose less burden on patients and
caregivers in terms of time and other resources. Previ-
ous studies from other health care systems have been
inconsistent as to whether SES is associated with differ-
ential use of antithrombotic therapy in AR The find-
ings of this study and previous literature suggest that
inequities in anticoagulation related to material depriva-
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Outcome

Death .
Stroke hospitalization -
Bleeding hospitalization +
Heart failure hospitalization .
Primary care visit .
Echocardiography .
Ambulatory ECG monitoring .
Anticoagulation .
Full-dose DOAC *
Reduced-dose DOAC .
Anticoagulation nonpersistence 4
Antiarrhythmic medication .
Cardioversion +

AF ablation

Lower Hazard

00 05 1.0 15 20
Higher Hazard associated with cardiologist visit

Hazards Ratio associated
with cardiologist visit
(95% ClI)

0.65 (0.63, 0.67)
0.82 (0.76, 0.89)
0.93 (0.87, 0.99)
1.05 (1.02, 1.07)
0.73(0.72,0.75)
1.2 (1.18,1.21)
1.43(1.41, 1.46)
1.02 (1.01, 1.04)
1.06 (1.04, 1.09)
1.18 (1.15, 1.22)
1(0.98,1.02)
1.45 (1.41, 1.49)
1.76 (1.7, 1.83)

- 3.68 (2.86, 4.75)

2.5 3.0 3.5 4.0 4.5 5.0

Figure 4. Hazard ratios associated with visiting a cardiologist after the index date.

Cardiologist visits were modeled as a time-varying covariate in cause-specific regression models modeling time to each of the outcomes listed in
the y axis. The models were adjusted for age, sex, source of atrial fibrillation (AF) diagnosis (hospitalization, emergency department, outpatient),
year of diagnosis, rural residence, immigration status, heart failure, hypertension, diabetes, stroke or transient ischemic attack, vascular disease,
previous bleeding, liver dysfunction, chronic obstructive pulmonary disease, chronic kidney disease, cancer, excessive alcohol use, recreational
drug use, hospital frailty score, and per capita cardiologist supply. DOAC indicates direct oral anticoagulant; and ECG, electrocardiogram.

tion can be reduced if barriers to payment and primary
care access are reduced.?*

The observation of worse outcomes in more deprived
neighborhoods despite minimal differences in anticoagu-
lation (the only intervention consistently shown to reduce
mortality in AF) suggests that the worse prognosis may
be driven by the higher baseline comorbidity burden.
Despite adjustment for traditional risk factors and comor-
bidities that can be identified from administrative data,
other factors such as AF burden or lifestyle factors could
not be accounted for. There was greater representation
from women, recent immigrants, and visible minorities in
more deprived neighborhoods, highlighting the potential
contribution of intersecting social factors. The worse out-
comes may also reflect less frequent or less systematic
follow-up after starting anticoagulation (not captured in
a time-to-first-event analysis) and undertreatment of car-
diovascular risk factors such as hypertension or dyslipid-
emia. Indeed, previous studies have reported that lower
measures of SES are associated with less AF awareness
and less health care contact for AF525:2

An important observation was that residents of more
deprived neighborhoods were less likely to visit a cardi-
ologist, notwithstanding their higher burden of baseline

Circulation. 2022;146:159-171. DOI: 10.1161/CIRCULATIONAHA.122.0568949

cardiovascular disease, risk factors, and higher risk for
adverse outcomes. Visiting a cardiologist was associated
with better outcomes despite adjusting for baseline char-
acteristics, but this does not necessarily imply causation,
because cardiologist access may reflect better access to
health care or healthier behaviors. Residents of the most
deprived neighborhoods were also less likely to receive
rhythm control interventions, with increasing gradients
from antiarrhythmic medications to cardioversion to abla-
tion. The administrative datasets do not contain quality of
life measures to determine whether these differences in
rhythm control are appropriate.

Previous studies have consistently demonstrated that
patients with lower SES are less likely to access spe-
cialized AF interventions such as ablation”® despite gen-
erally having worse symptomatic status.2*?® The current
study shows that these disparities persist in a health
care system where it is prohibited to pay out of pocket to
access specialized AF care. This may reflect a lower pro-
pensity to refer patients with greater noncardiovascular
comorbidity burden.?® It may also indicate that there is
less attentiveness by providers to quality of life concerns
for residents of more marginalized neighborhoods and
to care measures that are less strongly emphasized by
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Outcome

Death

Stroke hospitalization
Bleeding hospitalization
Heart failure hospitalization
Primary care visit
Cardiologist visit
Echocardiography
Ambulatory ECG monitoring
Anticoagulation

Full-dose DOAC
Reduced-dose DOAC

Antiarrhythmic medication

Cardioversion ——
AF ablation —_—
0 0.25 0.5 0.75

Lower hazard in Q5 vs Q1

-+ 0.95 (0.92, 0.98)

- 0.92 (0.88, 0.95)

Hazard Ratio for

Q5 vs Q1 (95% Cl)
- 1.14(1.11,1.18)
1.08 (0.97, 1.19)
1.12 (1.02, 1.23)
-+ 1.11(1.07, 1.15)
0.88 (0.87, 0.89)
0.83 (0.81, 0.85)
. 0.95 (0.93, 0.96)
0.85 (0.83, 0.87)
. 0.97 (0.95, 0.98)

- 0.98 (0.94, 1.02)

0.76 (0.71, 0.81)
0.47 (0.29, 0.76)

1 1.25 1.5 1.75 2
Higher hazard in Q5 vs Q1

Figure 5. Hazard ratios from cause-specific regression models comparing time to each of the outcomes listed among
individuals with atrial fibrillation residing in neighborhoods with the highest quintile of material deprivation (Q5) relative to
matched individuals residing in neighborhoods with the lowest quintile of material deprivation (Q1).

Individuals were matched using propensity score methods as described in the text. DOAC indicates direct oral anticoagulant; and ECG,

electrocardiogram.

guidelines.®® This can be compounded by less self-advo-
cacy by residents of deprived neighborhoods to access
scare resources for the purposes of improving quality
of life.3'=%5 Patients from deprived neighborhoods (and
their family members) may have less ability to participate
in treatment plans that require larger time commitments,
more frequent physician visits, or more complex care. For
example, the need for time off work, arranging care from
other family members, transportation costs, and hospital
parking fees can create substantial burdens. These col-
lectively add up to create important barriers to accessing
health care that are comparable to or greater than the
direct costs of health care®5-% This can create consid-
erable impediments to accessing “universal” health care
for residents of more deprived neighborhoods. The dif-
ferences were most stark for early access to ablation;
this was the least accessible intervention studied, thus
requiring greater patient advocacy and persistence in
navigating the health system compared with other treat-
ments for AF.

These observations highlight persistent dispari-
ties in care for individuals with AF and their out-
comes even in the setting of single-payer health care,
where direct financial barriers to health care access
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are expected to be minimized. These residual barri-
ers need to be identified through future research so
that appropriate interventions can be designed and
implemented. For example, nurse-led AF clinics offer
a potential approach to decentralize care for individ-
uals with AF and improve access for residents from
higher-risk neighborhoods3%*' The lessons learned
from COVID-19 vaccine distribution*? can inform the
locations of AF clinics to match regional risk estimates
so that care is provided in an equitable (rather than
equal) manner. AF clinics can also be leveraged to
enhance patients’ health literacy and self-management
skills?528:333443 gnd the incorporation of navigation ser-
vices may improve access to specialized care for eli-
gible patients.32*3 The implementation of protocolized
care pathways for people with newly diagnosed AF
may also allow for community-based AF care while
increasing the likelihood of considering all potentially
beneficial interventions with less bias.***® The emer-
gence of telehealth and novel technologies may also
allow for provision of requisite care for individuals with
AF while minimizing in-person visits,*®#" although this
needs to be implemented thoughtfully to avoid exacer-
bating SES-based disparities.*®
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Limitations

In this observational study, the potential for residual con-
founding cannot be eliminated despite adjusting for an
extensive list of covariates. The higher baseline preva-
lence of potential AF complications in neighborhoods
with greater material deprivation may have led to dif-
ferential rates of AF diagnosis across material depriva-
tion quintiles. Important clinical variables including AF
type (paroxysmal, persistent, or permanent), AF burden,
symptom status, echocardiographic measures, and life-
style factors including weight, smoking, diet, and physical
activity were unavailable in the administrative datasets
used. If differences in baseline comorbidity were in-
completely accounted for, that may explain disparities in
treatments and outcomes independent of material depri-
vation status. The unit of exposure was at the neighbor-
hood level and the association between outcomes and
neighborhood material deprivation may be weaker than
at the individual level. Some aspects of intersectionality
could not be studied in the absence of individual-level
data on race and gender; this may be relevant because
women and recent immigrants were overrepresented in
more deprived neighborhoods. Entry into the study co-
hort required health system contact for AF, particularly
for outpatients, who needed 4 physician visits within 1
year. Thus, people with undiagnosed AF and those with
inconsistent health system contact were excluded. This
may lead to underestimation of the association between
material deprivation and care measures.

Conclusions

In a universal health care system with comprehensive
provider, procedure, and prescription drug coverage, old-
er individuals with AF living in more materially deprived
neighborhoods were less likely to access specialty car-
diology services and rhythm control interventions despite
being at higher risk of adverse outcomes and having
greater CVD burden at baseline. Disparities were smaller
for processes that are strongly emphasized by guide-
lines and can be facilitated by primary care, such as an-
ticoagulation. These data can inform discussions about
which aspects of care for individuals with AF will require
interventions beyond addressing barriers to payment to
reduce disparities resulting from material deprivation.
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