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ARTICLE INFO ABSTRACT
Keywords: Objective: Social determinants contribute to adverse outcomes in cardiovascular and non-cardiovascular con-
Atrial fibrillation ditions. However, their investigation in atrial fibrillation (AF) remains limited. We examined the associations
Hospitalization between annual income and educational attainment with risk of hospitalization in individuals with AF receiving
Risk . care in a regional health care system. We hypothesized that individuals with lower income and lower education
Education . . T
Income would have an increased risk of hospitalization.
Methods: We enrolled a cohort of individuals with prevalent AF from an ambulatory setting. We related annual
income (<$19,999/year; $20,000-49,000/year; $50,000-99,999/year; >$100,000/year) and educational attain-
ment (high school/vocational; some college; Bachelor’s; graduate) to hospitalization events in multivariable-
adjusted Cox proportional hazards models, using the Andersen-Gill model to account for the potential of partici-
pants to have multiple events.
Results: In 339 individuals with AF (age 72.3 + 10.1 years; 43% women) followed for median 2.6 years (range 0—
3.4 years), we observed 417 hospitalization events. We identified an association between both income and educa-
tional attainment and hospitalization risk. In multivariable-adjusted analyses which included educational attain-
ment individuals in the lowest annual income category (<19,999/year) had 2.0-fold greater hospitalization risk
than those in the highest (>100,000/year; 95% Confidence Interval [CI] 1.08-4.09; p = 0.03). In multivariable-
adjusted analyses without adjustment for income, those in the lowest educational attainment category (high
school/vocational) had a 2-fold increased risk of hospitalization relative to the highest (graduate-level; 95%
CI 1.12-3.54, p = 0.02). However, this association between education and events was attenuated with further
adjustment for income (95% CI 0.97-3.15, p = 0.06).
Conclusions: We identified relationships between income and education and prospective risk of hospitalization
risk in AF. Our findings support the consideration of social determinants in evaluating and treating socioeconom-
ically disadvantaged individuals with AF to reduce hospitalization risk.
1. Introduction risk of associated health outcomes. Social determinants of health have
been widely studied in cardiovascular disease, with studies showing con-
Atrial fibrillation (AF) is a common cardiac arrhythmia, often asso- sistent associations between income and educational attainment, and
ciated with both cardiovascular and non-cardiovascular complications. health outcomes [5,6]. Low income has been related to increased risk
The rising prevalence of AF contributes to the severe social and finan- of developing AF and subsequent adverse outcomes such as myocardial
cial burdens associated with the condition that include increasing rates infarction and heart failure [7,8]. Conversely, higher educational attain-
of hospitalizations and subsequent health care expenditures [1-4]. So- ment has been associated with reduced cardiovascular disease such as
cial determinants of health are pertinent to AF, given their potential to myocardial infarction, heart failure, and cerebrovascular disease [6,9].
challenge health care access, complicate adherence, and increase the A recent comprehensive meta-analysis identified educational attainment
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as having predominantly beneficial effects on health across numerous
health outcomes, including cardiovascular risk factors and disease [10].

In contrast, there has been limited investigation into how income
and educational attainment affect health outcomes in individuals with
AF [11]. We investigated the association between annual income and ed-
ucational attainment with risk of hospitalization in a cohort with preva-
lent AF. Unplanned hospitalization is common in individuals with AF,
and has a high toll on patient well-being. Furthermore, unplanned hos-
pitalizations, cardiovascular or non-cardiovascular, may be financially
destabilizing, especially for individuals with limited expendable income.
As such, hospitalization may result in unmeasured adversity to socially
disadvantaged patients. We hypothesized that individuals with lower
income and lower educational attainment would experience increased
hospitalization risk than those with higher income and educational at-
tainment.

2. Methods

We prospectively enrolled individuals receiving care for AF at the
University of Pittsburgh Medical Center (UPMC), a large regional health-
care system in Pittsburgh, Pennsylvania. We identified eligible partici-
pants from the electronic health record and by direct contact at am-
bulatory visits, referral by a physician or other care provider, and self-
referral via a web-based clinical research portal. Eligibility criteria for
the study included age >18 years, a documented history of non-valvular
AF and a CHA,DS,-VASc (congestive heart failure, hypertension, age,
diabetes, stroke/transient ischemic attack, valvular disease [history of
myocardial infarction, peripheral vascular disease, or aortic atheroscle-
rotic disease], and sex category) score >2 [12].

Participants must have been prescribed oral anticoagulants for is-
chemic stroke prevention of AF. The rationale for this criterion was that
such patients are distinguished as receiving active treatment for AF. Par-
ticipants were required to speak adequate English to provide informed
consent and participate in this research protocol. Exclusion criteria were
AF secondary to non-cardiac issues as determined from chart review,
a history of ischemic and hemorrhagic stroke, having been diagnosed
with AF within 30 days of cardiothoracic surgery, or an inability to pass
a three-item screening instrument to assess orientation. From 2016 to
2018, we approached 486 individuals at clinical visits as a convenience
cohort and invited them to participate. A final cohort of 339 individu-
als enrolled in the study. Those individuals not enrolled either declined
participation or were not approached as part of a clinical visit.

Demographics, including age, sex, and race were self-reported. Body
mass index was obtained from the medical record. Clinical history,
such as a history of congestive heart failure, hypertension, diabetes,
stroke/transient ischemic attack, and valvular disease, were obtained
from a combination of self-report and review of the medical records
[13,14]. Cigarette smoking status was ascertained by self-report and
classified as current, former, or never.

We ascertained annual household income by self-report and catego-
rized income as less than $19,999, $20,000-$49,000, $50,000-$99,999,
or greater than $100,000 per year. Educational attainment was catego-
rized as the highest level of education completed among high school
or vocational degree, some college, Bachelor’s degree, or graduate de-
gree. We elected to assess both income and education because of their
separate and unique contributions to health outcomes.

In the current study, hospitalization refers to all-cause hospitaliza-
tion. Hospitalization was ascertained by review of the UPMC longitudi-
nal electronic health record with events defined by hospital admission
for at least 24 continuous hours. Elective procedures were distinguished
from hospitalizations and not considered as hospitalization events. In-
dividual follow-up extended from the date of study enrollment to the
last date of contact with UPMC as documented in the electronic health
record through March 16, 2020, or date of death as identified by the
electronic health record. During the study period, all hospitalization
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events were ascertained, thereby recording more than 1 event per par-
ticipant.

We summarized continuous variables by their distributions
(mean+standard deviation) and categorical variables by their fre-
quency (n,%). We compared characteristics across the four different
income categories (<$19,999, $20,000-$49,999, $50,000-$99,999,
and >$100,000) and the four categories of educational attainment
(high school/vocational, some college, Bachelor’s, graduate) using the
Chi-square test for categorical variables and analysis of variance for
continuous variables. We adhered to guidance from prior studies that
have suggested not combining income and education to retain their
separate effects [15,16]. Hence we elected in the current analysis to
examine income and education as independent variables to assess their
respective associations with hospitalizations.

We graphically represent the number of hospitalizations per patient
over time using the mean cumulative function. We assessed for risk of
hospitalization in multivariable-adjusted Andersen-Gill, employing in-
come and education as our independent variable. Models consisted of:
Model 1, comprising of age, sex, and race; Model 2, included model 1
covariates and body mass index, heart failure, hypertension, diabetes,
vascular disease, and smoking status; and (3) Model 3, included model
2 covariates and co-adjustment for either income or education, alterna-
tively, depending on the independent variable. We used the Andersen-
Gill model to account for the potential of participants to have multiple
hospitalization events. This model treats each hospitalization as a sep-
arate “time to event” outcome and accounts for the correlation of re-
current hospitalizations within the same individual participant with a
robust sandwich variance estimator [17,18]. In contrast, the standard
Cox proportional hazards model considers only the first event for each
cohort member.

Written informed consent was obtained from each participant in this
study. The study was approved by the University of Pittsburgh IRB. All
statistical analyses were conducted using SAS version 9.4 software (SAS
Institute, Cary, North Carolina).

3. Results

A total of 339 participants (age 72.3 + 10.1 years; 42.5% women;
and 94.4% white) participated in this study (Table 1). Among the par-
ticipants, approximately 46% achieved a Bachelor’s or graduate ed-
ucation level. A high proportion of participants had an annual in-
come >$50,000 (47.5%). Heart failure was more common among par-
ticipants with <$50,000 annual income (45.9%) and those with high
school/vocational education (42.7%) than participants with a higher
income and higher educational attainment Supplementary Table 1A
and B All other covariates, including hypertension, stroke/transient is-
chemic attack, diabetes, and vascular disease, did not significantly differ
by educational attainment or income as summarized by Supplementary
Table 1A and B

Table 2 presents the incidence of hospitalization by annual income
and educational attainment. We noted a progressive decrease in the
incidence of hospitalization with increasing income category. Partic-
ipants with <$19,999 annual income (860 hospitalizations per 1000
person-years) had a higher incidence of hospitalization than those with
>$100,000 annual income (320 hospitalizations per 1000 person-years).
Similarly, higher education was associated with a reduction in hospital-
ization rates. Of note, there was not a clear trend for individuals with
some college and a Bachelor’s education. Notably, individuals with a
Bachelor’s had a higher incidence rate of hospitalization (480 hospital-
izations per 1000 person-years) than those with some college education
(460 hospitalizations per 1000 person-years). Those with a high school
education consistently had a higher incidence of hospitalization (640
hospitalizations per 1000 person-years) than participants with a gradu-
ate education (240 hospitalizations per 1000 person-years).

Fig. 1A demonstrates the graded association between annual income
and hospitalizations across the study period. Individuals with the lowest
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income had a greater number of hospitalization events than those in the
higher income categories. Fig. 1B shows that participants with lower
educational attainment likewise had a higher likelihood of hospitaliza-
tion.

Table 3 summarizes the associations between income and educa-
tion with the risk of hospitalization in multivariable-adjusted models. In
model 3, participants with an annual income of less than $19,999 had 2-

Table 2
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Fig. 1. The figures show the mean cumulative function of hos-
pitalization events after enrollment by annual income and ed-
ucational attainment. Fig. 1A demonstrates a graded associa-
tion between income and hospitalization rate, such that indi-
viduals with a lower category of annual income have increased
hospitalization events. Fig. 1B demonstrates that individuals
with lower education have progressively increased hospital-
ization events across education categories.

fold higher hospitalization risk (HR 2.11, 95% CI 1.08-4.09; p = 0.03)
than participants with an annual income >$100,000. In model 2 (ad-
justed for comorbidities), individuals with a high school/vocational ed-
ucation also had twice the hospitalization risk than those with graduate-
level education (HR 1.99, 95% CI 1.12-3.54, p = 0.02). With the inclu-
sion of annual income (Model 3), the association of high school rela-
tive to graduate-level educational attainment was attenuated (HR 1.75,

Incidence of hospitalization events by annual income and educational attainment.

Number of Participants

Hospitalization Events

Person-Time At risk (years) Incidence Rate (Events/person-year)

Annual Income

<$19,999 35 78
$20,000-49,999 100 129
$50,000-99,999 97 108
>$100,000 64 51
Refused/no answer 43 51
Educational Attainment

High school/Vocational 117 193
Some College 67 81
Bachelors 79 96
Graduate 76 47

90.3 0.86
254.8 0.51
258.1 0.42
157.8 0.32
108.9 0.47
299.6 0.64
177.8 0.46
200.0 0.48
192.6 0.24

Incidence Rate reported as the number of hospitalizations per person-year at risk.
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Table 1
Characteristics of study participants.

Characteristic All Participants n = 339
Age 723 £ 10.1
Female Sex 144 (42.5%)
White Race 320 (94.4%)

Body mass index (m/kg?) 31.2 + 7.2

Smoking History

Never 169 (49.9%)
Former 152 (44.8%)
Current 18 (5.3%)
Heart Failure (Any) 111 (32.7%)
Preserved 61 (18.0%)
Reduced 44 (13.0%)
Not Specified 6 (1.8%)

Hypertension 243 (71.7%)

Diabetes 82 (24.2%)
Vascular Disease 82 (24.2%)
Education

High school/Vocational
Some College

117 (34.5%)
67 (19.8%)

Bachelor’s 79 (23.3%)
Graduate 76 (22.4%)
Income

<$19,999 35 (10.3%)

$20,000-49,999
$50,000-99,999
>$100,000
Refused/No Answer

100 (29.5%)
97 (28.6%)
64 (18.9%)
43 (12.7%)

Continuous variables presented as meanz+standard de-
viation, and categorical variables as number (percent-
age).

95% CI 0.97-3.15, p = 0.06). Individuals who had achieved a Bachelor’s
degree had increased risk of hospitalization compared to the graduate-
level referent in multivariable-adjustment (HR 1.80, 95% CI 1.00-3.22),
attenuated with additional adjustment for income (HR 1.65, 95% CI
0.90-3.03). Likewise, participants with some college had increased risk
with adjustment for age, sex, and race (HR 1.95, 95% CI 1.03-3.66,
p = 0.04) compared with the graduate-level referent that was attenu-
ated with further multivariable adjustment.

4. Discussion

In this moderate-sized cohort of individuals with AF, we observed
associations between annual income and educational attainment with
hospitalization risk. We observed a graded and persistent association
whereby lower income was associated with an increased risk of hospi-
talization. Our findings describing the association of educational attain-
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ment in hospitalization among individuals with AF are similar but were
no longer significant when we included adjustment for annual income.
Our results are consistent with studies analyzing the effects of income
and education on health outcomes in other chronic diseases [19,20].

The association between income and clinical outcomes has had lim-
ited study in AF. Utilizing a health claims dataset, one study found an
increased risk of adverse cardiovascular outcomes (specifically, heart
failure and myocardial infarction) among patients with AF and lower
household income [7]. In a large Danish nationwide registry-based co-
hort of 150,544 individuals, those with the lowest socioeconomic sta-
tus, based on equivalized income, were more often diagnosed with AF-
complications such as strokes and heart failure [11].

Multiple mechanisms may explain the relation between income and
adverse clinical outcomes, such as hospitalization events. First, interme-
diate risk factors for AF and cardiovascular adversity are likely relevant.
A broad array of income-related social determinants may influence hos-
pitalization risk, including access to treatment, transportation, family
support, neighborhood health, medication adherence, and nutritional
choices [21-23]. Second, individuals with lower-income are more likely
to have limited insurance. The lack of access to care contributes to lower-
income individuals’ inability to obtain timely preventive care and delay
hospitalizations [5,24]. For example, individuals with private insurance
or Medicare are more likely to be offered extensive treatments for AF,
such as catheter ablation or newer anticoagulants, than uninsured in-
dividuals to reduce AF-related symptoms and complications [25,26].
Third, individuals of a lower income may have an increased likelihood of
challenges to medication adherence due to co-pay costs, pharmacy ac-
cess, inconsistent patient-provider relationships, and insurance lapses,
all of which may result in increased hospitalization rates [27,28].

Study of how educational attainment contributes to outcomes in AF
remains limited. Education has been examined in chronic conditions
such as cardiovascular disease, with lower educational attainment be-
ing associated with a higher prevalence of cardiovascular risk factors
and events [29-31]. Multiple pathways may explain the relation of ed-
ucational attainment and clinical adversity, such as the hospitalization
rates observed in the current study.

The major mediating processes can be grouped into four categories:
employment, health behaviors, health literacy, and access to care. Fore-
most, education leads to greater employment potential and higher in-
come, allowing individuals to accumulate wealth that may result in
health-related benefits [32]. Our study identified an association between
education and hospitalization risk, which was no longer significant after
adjusting for income. Our finding suggests that income largely accounts
for the relation of education to clinical events.

Second, health behaviors are an essential mediator of health out-
comes, and adults with lower educational attainment are more likely

Table 3
Associations of annual income and educational attainment with hospitalization risk in individuals with AF.
Model 1 Model 2 Model 3
HR (95% CI) P-Value HR (95% CI) P-Value HR (95% CI) P-Value
Annual income
>$100,000 (Referent) - - -
$50,000-99,999 1.25 (0.66, 2.37) 0.49 1.19 (0.64, 2.20) 0.57 1.05 (0.56, 1.96) 0.87
$20,000-49,999 1.45 (0.78, 2.70) 0.24 1.37 (0.72, 2.56) 0.33 1.16 (0.60, 2.22) 0.66
<$19,999 2.83 (1.42, 5.63) 0.003 2.53 (1.32, 4.83) 0.01 2.11 (1.08, 4.09) 0.03
Refused/No Answer 1.24 (0.63,2.41)  0.53 1.27 (0.68, 2.34) 045 1.11 (0.59, 2.08)  0.74
Educational attainment
Graduate (Referent) - - -
Bachelor’s 1.95 (1.06, 3.59) 0.03 1.80 (1.00, 3.22) 0.05 1.65 (0.90, 3.03) 0.10
Some College 1.95 (1.03, 3.66)  0.04 1.68 (0.89, 3.18)  0.11 1.50 (0.78, 2.84)  0.22
High school/Vocational 2.51 (1.40, 4.49) 0.002 1.99 (1.12, 3.54) 0.02 1.75 (0.97, 3.15) 0.06

Model 1 adjusted for age, sex, race.

Model 2 adjusted for Model 1 components plus body mass index, heart failure, hypertension, diabetes, vascular disease,

and smoking status.

Model 3 adjusted for Model 2 components plus either income or education.
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to engage in behaviors that exacerbate risk, such as smoke, have an
unhealthy diet, and lack exercise [21,33]. Third, education is directly
proportional to health literacy, with higher education resulting in a bet-
ter understanding of chronic health conditions, increased adherence to
medications, decreased hospitalization, and decreased mortality [34-
36]. Furthermore, individuals with higher educational attainment have
been shown as more likely to define AF and stroke accurately than those
with a high school or vocational degree [13]. Fourth, access to health
care has a role in explaining health inequities by education. Individuals
with lower educational attainment have lower household income, less
access to health insurance, healthy food, and transportation, all associ-
ated with health care access hardship [22].

Our findings are particularly noteworthy as individuals with a lower
income and educational attainment are more likely to suffer from car-
diovascular disease, including AF, coronary artery disease, and stroke
[15]. The associated increased risk for hospitalization among socioe-
conomically disadvantaged individuals suggests targeted intervention
opportunities to ameliorate health outcomes to address and reduce dis-
parities. Despite widespread efforts to address disparities in cardiovas-
cular disease care, gaps across income levels remain wide. Disparities
in income, household wealth, homeownership, and educational attain-
ment have widened, and with such increases, we can likewise expect
increased hospitalizations as further evidence of disparities in individ-
uals with AF [37,38]. The current study demonstrates the impact that
social determinants of health on clinical adversity among individuals
with AF.

More research is needed to target interventions for high- patients,
thereby addressing disparities. Targeted rehabilitation programs, in-
cluding group education and physical training for patients with AF, sig-
nificantly diminished the risk of mortality and cardiovascular hospital-
izations [39,40]. These structured care programs have enhanced patient
outcomes among patients with AF Reinforced, targeted, in-person edu-
cation can improve quality of life, symptoms improvement, and medica-
tion adherence [41]. Such approaches merit implementation in socioe-
conomically disadvantaged patients with AF.

AF-related hospitalization has increased for the past decade [42].
AF is a complex disease, such that patients must clearly understand the
arrhythmia, its treatment and management, and maintain long-term ad-
herence to therapies [43]. In clinical practice, the use of income and
education levels may identify increased risk for adversity and prompt
interventions among patients with AF [44]. A multidisciplinary team-
based approach in clinical settings has been associated with improved
outcomes, such as reduced mortality, hospitalizations, and more cost-
effective care [45,46].

Recent professional society statements advocate equitable care but
do not include more substantive approaches to identify, accommodate,
and address social determinants of health [47]. Our study indicates the
substantive contribution of income and education towards adverse out-
comes and their role as social determinants, and the vital importance of
bringing tailored approaches for socially socioeconomically disadvan-
taged patients into guideline-based care.

The current study has several strengths. First, we utilized a moderate-
sized cohort within an extensive regional healthcare system, thereby
enhancing the selected covariates’ complete characterization. Second,
the individual analyses of income and education allowed us to identify
individuals with a diversity of annual income and educational attain-
ment. Third, the use of the Andersen-Gill model facilitated our ability
to examine repeated hospitalization events and thereby accommodate
for recurrent events in the cohort.

We would like to recognize important limitations to our analysis.
First, we appreciate multiple selection biases for participation in this
cohort. Participants were recruited at selected ambulatory sites belong-
ing to a regional health care system. We consider this factor as reducing
the generalizability of our findings, particularly as individuals receiving
care at such sites had health insurance and access to specialty care. We
expect the challenges faced by individuals with limited income and ed-
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ucation are broadly generalizable beyond our geographic region. Addi-
tionally, the exclusion of non-English speakers reduces the generalizabil-
ity of our findings. Individuals with language barriers may experience
impaired access to medical treatments and specialized care. We note
as well that no individuals were excluded for being non-English speak-
ers, however. Finally, we required that individuals had been prescribed
oral anticoagulation as treatment for AF. While such a distinction in-
dicates active treatment for AF, it does not allow us to examine risk
of hospitalization in those who do not have access to such treatment.
Second, a substantive portion of our cohort had a higher-income and
a graduate-level education, both of which exceed that of the U.S. pop-
ulation [48,49], also limiting our study’s generalizability. Third, both
income and educational attainment were self-reported, which may have
introduced recall or unmeasured biases. Additionally, individuals may
have had a higher net worth or additional resources than their reported
household income, not captured by our ascertainment of annual house-
hold income. Fourth, we cannot account for the effects of AF or other
comorbid conditions on individuals’ earning capacity and resulting an-
nual income. Fifth, our analysis did not account for multiple residual
confounding sources that may mediate hospitalization risks, such as ac-
cess to additional resources to enhance health, self-care, and medication
adherence.

5. Conclusion

In conclusion, we found an association between annual income and
educational attainment and hospitalization in a cohort with prevalent
AF. Our findings suggest that both income and education merit consider-
ation in the complex management of AF. The development of evidence-
based strategies is essential to ameliorate adversity in individuals with
AF.
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