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Key messages

What is already known about this subject?
 ► Atrial fibrillation (AF) has an adverse impact on 
health-related quality of life (HRQoL). HRQoL is be-
coming an increasingly emphasised patient-centred 
benchmark in treatment guidelines and clinical trials 
for AF.

What does this study add?
 ► Our manuscript describes the association of income 
and HRQoL in individuals with AF.

How might this impact on clinical practice?
 ► Understanding the association between annual in-
come and HRQoL in AF can help guide strategies to 
improve patient-centred outcomes.

AbstrAct
Objective Health-related quality of life (HRQoL) is a 
patient-centred benchmark promoted by clinical guidelines 
in atrial fibrillation (AF). Income is associated with health 
outcomes, but how income effects HRQoL in AF has 
limited investigation.
Methods We enrolled a convenience cohort with AF 
receiving care at a regional healthcare system and 
assessed demographics, medical history, AF treatment, 
income, education and health literacy. We defined income 
as a categorical variable (<$20 000; $20 000–$49 
999; $50 000–$99 999; >$100 000). We used two 
complementary HRQoL measures: (1) the atrial fibrillation 
effect on quality of life (AFEQT), measuring composite 
and domain scores (daily activity, symptoms, treatment 
concerns, treatment satisfaction; range 0–100); (2) the 
12-item Short Form Survey (SF-12), measuring general 
HRQoL with physical and mental health domains (range 
0–100). We related income to HRQoL and adjusted for 
relevant covariates.
Results In 295 individuals with AF (age 71±10, 40% 
women), we observed significant differences in HRQoL 
by income. Higher mean composite AFEQT scores 
were observed for higher income groups: participants 
with income <$20 000 had the lowest HRQoL (n=35, 
68.2±21.4), and those with income >$100 000 had 
the highest HRQoL (n=64, 81.9±17.0; p=0.04). We 
also observed a significant difference by income in the 
AFEQT daily activity domain (p=0.02). Lower income 
was also associated with lower HRQoL in the mental 
health composite score of the SF-12 (59.7±21.5, income 
<$20 000 vs 79.3±16.3, income >$100 000; p<0.01).
Conclusion We determined that income was associated 
with HRQoL in a cohort with prevalent AF. Given the 
marked differences, we consider income as essential for 
understanding patient-centred outcomes in AF.

IntROduCtIOn
Atrial fibrillation (AF) is a challenging 
arrhythmia with adverse impact on health-re-
lated quality of life (HRQoL).1 Patients with 
AF experience unfavourable symptoms of 
varying degree and severity that may be disa-
bling. Treatment for AF requires long-term 
adherence to challenging medications, such 
as anticoagulants or anti-arrhythmic drugs, 

which have significant potential for side 
effects. AF is associated with a range of nega-
tive outcomes—stroke, myocardial infarction, 
heart failure, decreased functional status and 
multiple others—that contribute to signif-
icant social and medical costs.2–4 The symp-
toms, treatment and outcomes associated 
with AF have a heavy toll on patients’ quality 
of life. Accordingly, HRQoL has emerged as a 
benchmark in AF treatment guidelines and a 
patient-centred outcome in clinical trials for 
patients with AF.1

Income is associated with health outcomes, 
but how income relates to HRQoL in AF has 
had limited investigation. Socioeconomic 
status (SES), often determined by income 
and education, is associated with risk factors 
and outcomes for multiple cardiovascular 
and non-cardiovascular diseases.5 6 A large 
community-based cohort identified unem-
ployment as a risk factor for AF.7 Individuals 
with higher SES were 50% more likely to tran-
sition from warfarin to a direct oral antico-
agulant, a change that decreases the specific 
self-care burdens associated with warfarin.8 
In a cohort of over 166 000 people with AF 
on warfarin therapy, lower SES was associated 
with an 18% higher rate of haemorrhage and 
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a 28% higher rate of haemorrhage-related mortality rela-
tive to people with higher SES.9 Lower SES has also been 
shown to be associated with higher mortality in individ-
uals with AF.10

In the present study, we examined the association 
between income and HRQoL in a cohort with prevalent 
AF. Our objectives were twofold. First, we sought to quan-
tify the degree to which self-reported annual income 
was associated with HRQoL in individuals with AF. We 
hypothesised that, among people with AF, those with 
lower income would have lower HRQoL in comparison 
with people with higher income.

MetHOds
Cohort ascertainment
Study participants were enrolled via their affiliation with 
the University of Pittsburgh Medical Center, a large, 
regional healthcare system with a uniform electronic 
health record spanning multiple sites in Pittsburgh, 
Pennsylvania, and the surrounding region. Participants 
were identified by screening of the electronic health 
record and direct contact at ambulatory visits, referral 
by physicians and other providers, and self-referral via 
the University of Pittsburgh’s Center for Assistance in 
Research eRecord, which serves as a web-based portal for 
institutional-based clinical research. Eligibility criteria 
for this study consisted of age ≥18 years; a documented 
history of non-valvular AF, as established by the electronic 
health record; a CHADS2-VASc (congestive heart failure 
[CHF], hypertension [HTN], stroke, vascular disease 
[history of MI, PVD, or aortic atherosclerotic disease] and 
diabetes) score ≥211; English-speaking at a level appro-
priate to provide informed consent and participate in 
this research. From September 2016 through May 2018, 
a total of 1093 eligible participants were identified, 486 
were approached by the study team and 339 agreed to 
participate. Study participants lacking income data were 
excluded from this analysis.

Demographics including age, sex and race were 
obtained by participant self-report. Body mass index 
(BMI) was extracted from the medical record. Clin-
ical history including medical history relevant to the 
CHADS2-VASc, medications and AF treatment were 
assessed by a combination of self-report and review of 
the electronic medical record. Medication use collected 
included use of anti-arrhythmic medications including: 
flecainide, sotalol, amiodarone, propafenone, dofetilide 
and lidocaine. Prior treatment variables included history 
of pulmonary vein isolation, electrical cardioversion, or 
cardioversion by medication. Annual household income 
was obtained by self-report and categorised into four 
groups based on distribution (<$19 000; $20 000–$49 999; 
$50 000–$99 999; >$100 000) and summarised in online 
Supplementary table 1. Similarly, highest completed 
education level was obtained by self-report and divided 
into four groups based on distribution (≤high school or 
vocational training; some part of college or an associate 

degree; bachelor’s degree; or any graduate or profes-
sional school degree or enrolment), as summarised 
in online Supplementary table 2. Health literacy was 
assessed with the short-test of functional health literacy in 
adults (S-TOFHLA).12

Health-related quality of life
We ascertained HRQoL with two complementary 
measures: the atrial fibrillation effect on quality of 
life (AFEQT)13 and the 12-item Short Form Survey 
(SF-12).14 The AFEQT allows individuals with AF to quan-
tify disease-specific HRQoL. The AFEQT is a validated, 
20-item questionnaire that measures HRQoL in AF 
across four domains: symptoms, daily activities, treatment 
concern and treatment satisfaction. A summary measure 
and the four domains are each scored from 0 to 100, with 
higher scores indicating superior quality of life. The SF-12 
was used to assess general physical and mental HRQoL. 
The SF-12 is an instrument that contains eight subscales 
including: physical functioning, role limitation due to 
physical problems, bodily pain, general health, vitality, 
social functioning, role limitation due to emotional prob-
lems and mental health with scores ranging from 0 to 
100. The SF-12 was assessed in a subset of the participants 
(n=185).

statistical methods
We summarised continuous variables as mean±SD and 
categorical variables by their frequency (n, %). We 
compared patient characteristics across the four income 
groups using the χ2 test for categorical variables and anal-
ysis of variance for continuous variables. We completed a 
test for trend using the Jonchkeere-Terpstra test ordered 
for differences among classes. We report the measures of 
HRQoL (AFEQT composite, AFEQT domain scores and 
SF-12 subscales) as mean±SD across each of the income 
groups. Multivariable regression was performed to test 
differences in HRQoL by income when adjusting for rele-
vant covariates. We tested with adjustments for different 
combinations of variable including: (1) model I: age and 
sex; (2) model II: age, sex, race, BMI, CHF, HTN, stroke, 
vascular disease, education and S-TOFHLA; (3) model 
III: model II (age, sex, race, BMI, CHF, HTN, stroke, 
vascular disease, education and S-TOFHLA) plus AF 
treatment (consisting in procedures and anti-arrhythmic 
medications). We checked the variance inflation factor 
(VIF) of all variables in multivariable models and no pair 
of independent variables had a VIF greater than 1.3, indi-
cating no problems with multicollinearity. An adjusted 
test for trend using a constrained interference for linear 
mixed effects (CLME) test was also performed15 16 
(online Supplementary table 3). Statistical analyses were 
performed using SAS V.9.4.

Results
Patient characteristics
There were 339 participants enrolled in this study. 
Following exclusions for missing income data (n=44), 
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295 participants were included for these analyses. Table 1 
describes the study cohort (age 71.3±9.9, 40.0% women, 
95.3% white race). The majority of the cohort had HTN 
(71.2% of participants) while CHF and diabetes were less 
prevalent (approximately 20%). There was no difference 
between income groups when evaluating AF treatments. 
We observed statistically significant differences in educa-
tion and sex when between income groups using test for 
trend. Lower income was associated with lower education 
attainment.

Income and HRQol
All results are presented here are derived from model III, 
however results these findings were consistent across the 
three sets of models. When examining the association 
between income and HRQoL as measured by AFEQT, 
we observed a graded relation with higher income asso-
ciated with higher HRQoL (68.2±21.4 for income <$20 
000 vs 81.9±17.0 for income >$100 000; p=0.04, figure 1). 
When examining AFEQT by domain, the largest differ-
ences across income groups was observed for daily activity 
domain (57.3±26.3 for income <$20 000 vs 79.8±23.9 for 
income >$100 000; p=0.02, figure 2). These associations 
persisted in multivariable-adjusted models that included 
age, sex, race, BMI, CHF, HTN, stroke, vascular disease, 
education, AF treatment, and health literacy.

When evaluating the relation between income and 
HRQoL as measured by SF-12, we similarly observed a 
graded relation between income and HRQoL. Higher 
levels of income were associated with higher mental 
health composite scores (43.2±11.8, 49.8±10.3, 52.1±8.0 
and 53.2±7.2 for income <$19 000; $20 000–$49 999; $50 
000–$99 999; >$100 000, respectively; p<0.01) but were 
less strongly associated with physical health composite 
scores (p=0.07), as summarised in table 2. In addition, we 
identified a strong association between income and the 
SF-12 subscores of role limitation physical (0.01), general 
health (p<0.01), vitality (p=0.01), social functioning 
(p=0.01), role limitation emotional (p<0.01), mental 
health (p<0.01) and mental health composite (p<0.01).

dIsCussIOn
In a cohort of individuals receiving clinical care for 
non-valvular AF, we identified strong associations between 
income and HRQoL as measured by two complementary, 
well-validated assessments of HRQoL, the AF-specific 
AFEQT and the more general SF-12. In addition, we 
found that the domain of HRQoL most significantly asso-
ciated with income was daily activity. In the daily activity 
domain, individuals with annual income <$20 000 had 
nearly 40% lower HRQoL compared with the highest 
income group. Our results remained significant when 
adjusting for covariates encompassing demographics, 
clinical history and both pharmacological and electro-
physiological AF treatment. Our results are consistent 
with the study of HRQoL in other cohorts with chronic 
diseases.17–19 We observed similar associations between 

income and mental and physical components of the SF-12 
as that identified in cohorts with diabetes or a history of 
stroke.20 21

Multiple reasons likely explain the associations we 
observed. First, lower income can limit individuals’ 
ability to access medications or treatments that in turn 
may alleviate symptoms and improve clinical outcomes. 
Inability to access such resources may ultimately lead to 
inferior HRQoL. However, participants in this study were 
recruited from the same clinics with similar access to clin-
ical treatments and physicians, and there was no signif-
icant difference between income groups when looking 
at medications or electrophysiological treatments. It 
is possible that the uniform treatment across income 
groups in our cohort accounts for the absence of differ-
ences in HRQoL treatment or symptom domain. Second, 
out-of-pocket expenses related to AF may have more 
effect on people with lower income. While our study did 
not measure the financial costs allocated by patients, 
we expect that out-of-pocket expenditures would have 
a higher toll on HRQoL for individuals with limited 
income. Third, income may be related to additional 
social factors that mediate or moderate the associations 
we observed. In particular, in our data, income is associ-
ated with education and health literacy. Such factors may 
provide intermediate mechanisms by which income may 
impact HRQoL. AF is a complex condition, and limited 
health literacy may affect individuals’ understanding of 
the condition, rationale for treatment, expectations of 
treatment and adherence, and such factors may in turn 
result in lower HRQoL.22 Fourth, the profound social 
burden associated with AF may include missed work and 
disability as we expect that individuals with lower income 
would experience a greater severity of the concomitant 
financial stress surrounding such events.23 Finally, our 
study lacks a control group measuring changes in HRQoL 
in individuals without AF. Without a control group for 
comparison we cannot accurately define the magnitude 
of decreased HRQoL due to AF specifically. However, 
the AFEQT provides information regarding AF-specific 
HRQoL measures, and we observed a graded relation 
such that decreased income was associated with lower 
HRQoL as quantified with AF-specific measures. We 
additionally note that the magnitude of changes in SF-12 
components was similar in our study as that observed in 
cohorts with diabetes or a history of stroke.20 21

Income has been previously associated with decreased 
quality of life in both chronic medical conditions and 
cardiovascular disease.24–27 However, data specifically eval-
uating this association in individuals with AF are sparse. A 
large, community-based cohort with extended follow-up 
of over 20 years did identify family income as associated 
with increased risk of incident AF.28 Our study contrib-
utes to the literature demonstrating the impact of social 
factors such as income on patient-centred outcomes in 
AF.

Understanding the association between income and 
HRQoL in individuals with AF can guide strategies to 
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Figure 1 Distribution of atrial fibrillation effect on quality of life (AFEQT) composite score, by income. Bar graph relating 
composite AFEQT score to income as a categorical variable. Graded relationship with lower annual income associated with 
inferior health-related quality of life. Error bars represent SD. BMI, body mass index; CHF, congestive heart failure; HTN, 
hypertension; S-TOFHLA, short-test of functional health literacy in adults.

improve outcomes. Our findings are relevant to the 
assessment and interpretation of HRQoL, which is now 
routine in clinical trials and registries for AF. Many clin-
ical trials and registries have treated income as a silent 
covariate, either not examining the effect of income or 
not assessing income at all. Our findings suggest that 
income should not be ignored in understanding these 
relationships. Specifically, our results support the assess-
ment of income as a social determinant that may influ-
ence patient-centred outcomes in the treatment of AF. 
Likewise, our results suggest that interventions that aim to 
improve HRQoL need to include individuals with lower 
income in order to assess efficacy and generalisability to a 
more vulnerable patient population. Additional research 
is essential to incorporate other social determinants of 
health in the assessment of AF risk, symptom recognition, 
treatment and adverse outcomes. In particular, inves-
tigations of income and increased risks for morbidity 
and mortality in AF are needed. In summary, HRQoL is 

a focus of guidelines-based care, and our results estab-
lish the importance of patient income in the care and 
management of AF.

The strengths of our study include our recruitment 
of a moderate-sized cohort of individuals with prevalent 
AF and our employment of well-validated, complemen-
tary measures of HRQoL. This study also has important 
limitations. Our primary limitation concerns general-
isability, as this cohort was recruited as a single-centre 
study. Additionally, there was limited racial and ethnic 
diversity in our cohort, which may further limit gener-
alisability. Second, we relied on a single measurement 
of self-reported income as our independent variable. It 
is possible that some individuals had financial assets or 
higher net worth than characterised by income, and 
that such resources would confound our assessments of 
income with HRQoL. However, we would expect that 
such misclassification would affect those with lower 
income primarily, and thereby would not diminish the 
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Figure 2 Distribution of atrial fibrillation effect on quality of life (AFEQT) domain scores, by income. bar graph relating AFEQT 
domain scores to income as a categorical variable. Significant graded relationship with lower annual income associated 
with inferior health-related quality of life in the daily activity domain. Error bars represent SD. BMI, body mass index; CHF, 
congestive heart failure; HTN, hypertension; S-TOFHLA, short-test of functional health literacy in adults.

strong associations between income and HRQoL that 
we observed here. Third, we cannot exclude residual 
confounding by unmeasured variables that may impact 
income and HRQoL. For example, individuals with 
greater physical disability or burden of comorbidity may 
have decreased employment and lower general quality of 
life. Fourth, we assessed HRQoL at a single time point, 
and recognise that a patient-centred outcome such as 
quality of life may evolve with the experience and treat-
ment of a chronic disease.

Finally, our analysis consisted of a cross-sectional 
assessment which precludes determination of the exis-
tence or direction of a causal relation between income 
and HRQoL. Indeed, the relationship between income 
and HRQoL for patients with AF may be complex and 
bidirectional with both—lower income leading to lower 
HRQoL and lower HRQoL leading to lower income. The 
ways AF and AF treatment may have influenced patients’ 
work history and earning capacity were beyond the scope 
of our data collection. Similarly, the ways different type 
of workers (eg, labourers vs managers) have the phys-
ical capacity or job flexibility to withstand symptoms of 
AF and AF treatment were beyond the scope of our data 
collection. Ultimately, such data would be needed over 
time to ascertain causation and directionality for the find-
ings we have presented.

In conclusion, we found a strong association in individ-
uals with AF between higher income and higher HRQoL 
as measured by both the AFEQT and SF-12. Our find-
ings suggest that ascertainment of income is relevant 
to the treatment and assessment of quality of life in AF. 
Studies of patient-centred outcomes in AF should include 
income. Exploring the mechanisms underlying this rela-
tionship may provide opportunities for intervention.
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