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Abstract

Background: Comorbidities are common in patients with atrial fibrillation (AF) and affect
prognosis, yet are often under-treated. However, contemporary rates of use of guideline-directed
therapies (GDT) for non-AF comorbidities and their association with outcomes is not well
described.

Methods: We used the Outcomes Registry for Better Informed Treatment of AF (ORBIT-AF) to
test the association between GDT for non-AF comorbidities and major adverse cardiac or
neurovascular events (MACNE- cardiovascular death, myocardial infarction, stroke/
thromboembolism, or new onset heart failure), all-cause mortality, new-onset heart failure and AF
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progression. Adjustment was performed using Cox-proportional hazards models and logistic
regression.

Results: Only 6,782 (33%) of the 20,434 patients eligible for one or more GDT for non-AF
comorbidities received all indicated therapies. Use of all comorbidity-specific GDT was highest
for patients with hyperlipidemia (75.6%) and lowest for diabetes mellitus (43.1%). Use of “all
eligible” GDT was associated with a non-significant trend towards lower rates of MACNE (HR
0.90 [0.79-1.02]) and all-cause mortality (HR 0.90 [0.80-1.01]). Use of GDT for heart failure was
associated with a lower risk of all-cause mortality (HR 0.77 [0.67-0.89]) and treatment of
obstructive sleep apnea was associated with a lower risk of AF progression (OR 0.75 [0.62—0.90]).

Conclusion: In AF patients there is underuse of GDT for non-AF comorbidities. The association
between GDT use and outcomes was strongest in heart failure and obstructive sleep apnea patients
where use of GDT was associated with lower mortality and less AF progression.

Keywords
Atrial fibrillation; outcomes; guideline directed medical therapy

Introduction

Atrial fibrillation (AF) is an increasingly prevalent condition, which carries a substantial risk
of stroke, heart failure, cognitive impairment, and mortality.l: 2 Comorbid conditions that
carry additional cardiovascular risk are common among AF patients and are associated with
higher rates of adverse outcomes.3 Many of these conditions have been associated with
overall worsening of cardiac function,* and progression of AF from paroxysmal to persistent
forms.5: 8 Prior work has shown that the treatment of risk factors can improve outcomes in
patients with AF and use of guideline directed therapies (GDT) for comorbid conditions can
help reduce risk associated with these comorbidities.”10 Yet, the majority of patients with
AF do not receive all GDT for comorbid cardiovascular conditions for which they are
eligible,11 and the impact of receiving all eligible GDT use on clinical outcomes in AF
patients is not well studied. We hypothesized that the use of all eligible GDT for
comorbidities is associated with lower rates of adverse events among AF patients, as well as
less progression of AF (from paroxysmal to persistent/permanent).

Methods
Study Population

The data, analytic methods, and study materials will not be made available to other
researchers for purposes of reproducing the results or replicating the procedure. Patients
from the Outcomes for Better Informed Treatment of AF (ORBIT-AF and ORBIT-AF 1)
registries were considered for inclusion in this study. The details of these registries have
been previously published.12 13 Briefly, the ORBIT-AF and ORBIT-AF Il registries enrolled
ambulatory, adult patients with electrocardiographically documented AF from outpatient US
practices and followed them semiannually tracking clinical outcomes and events for a
minimum of 2 years. ORBIT-AF enrolled 10,137 patients from 176 sites from June 29, 2010
through August 9, 2011. ORBIT-AF Il enrolled 13,394 patients from 244 US sites from
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February 20, 2013 through July 12, 2016. The study protocol was reviewed and approved by
the Duke University Medical Center Institutional Review Board (IRB) and the IRB at each
enrolling center. Primary funding was provided by Ortho-McNeil Janssen Scientific Affairs,
LLC. The authors are solely responsible for the design and conduct of this study, all study
analyses, the drafting and editing of the paper and its final contents.

For the purpose of this study, only patients with at least one of the following GDT eligible
conditions (coronary artery disease [CAD], diabetes mellitus [DM], heart failure [HF],
hyperlipidemia [HL], hypertension [HTN], peripheral vascular disease [PVD], or obstructive
sleep apnea [OSA]) at baseline were included in this analysis. Additionally, patients were
excluded if they did not have any available follow up data.

GDT Assessment

GDT eligibility was defined according to current professional guidelines published by the
American College of Cardiology (ACC) and American Heart Association (AHA) and related
professional societies for the management of CAD,14 DM,1% 16 HF,17 HL 16 HTN,15 PVD,
18 ‘and OSA.19 Specifically, GDT for CAD included use of a beta blocker, statin,
angiotensin converting enzyme inhibitor (ACEi) or angiotensin receptor blocker (ARB) in
the presence of DM or left ventricular ejection fraction (LVEF) < 40%, and an antiplatelet
agent if the patient had a myocardial infarction (MI), percutaneous coronary intervention
(PCI) or coronary artery bypass surgery (CABG) within the preceding 12 months. DM GDT
included use of a statin and use of ACEi or ARB in the presence of CAD or LVEF < 40%.
While glycemic control agents (e.g. insulin, metformin) are an important component of DM
GDT, their use was not captured in the ORBIT registry and thus not included in the
assessment of GDT for DM in this study. GDT for HF included use of a beta blocker,
ACEI/ARB in the setting of LVEF < 40% or DM, aldosterone antagonist in the presence of
New York Heart Association (NYHA) class 11-1V symptoms and suitable creatinine level (<
2.5 mg/dL in men, < 2.0 mg/dL in women), and implantable cardioverter-defibrillator (ICD)
in the presence of LVEF < 35% and NYHA class IlI-111 symptoms. GDT for HL included use
of a statin in the presence of CAD, DM, or PVD. GDT for HTN included use of an
aldosterone antagonist, ACEi/ARB, calcium channel blocker, diuretic or beta blocker in the
presence of previously diagnosed HTN or documented blood pressure = 140/90 (= 130/80 in
patients with DM or chronic kidney disease). GDT for PVD required use of a statin. While
antiplatelet agents are also indicated in patients with PVVD, given the high use of
anticoagulants in the ORBIT-AF cohorts which may influence antiplatelet use, we did not
require use of antiplatelet therapy in our assessment of GDT for PVD in this study. Patients
with OSA were considered to be on GDT if they reported use of a continuous positive
airway pressure (CPAP) machine.

Because the number of therapies included in the GDT estimate varied by disease state (and
consequently between patients), GDT use was analyzed across several different levels. The
primary analysis was performed at the individual level with GDT as a binary variable (“All
eligible” vs “Not all eligible”). GDT was evaluated as a binary variable because there was
variance in both the number of comorbidities each patient had as well as the number of
therapies considered as GDT for each comorbidity in this study (four of the seven evaluated
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had only one therapy included as GDT). In addition, comorbidity-specific GDT use (also
binary) was also assessed at an individual level to better understand how treatment of each
comorbidity was associated with outcomes. Finally, GDT use was evaluated as a continuous
variable (%GDT defined by [number of eligible therapies used] / [total number of eligible
therapies]) at the site level to evaluate whether site-level treatment patterns had similar
effects on outcomes as individual treatment effects.

Clinical Outcomes

The primary outcome of interest for this study was major adverse cardiac/neurovascular
events (MACNE) including cardiovascular (CV) death, MI, embolic event (central nervous
system or systemic) and new onset HF. Secondary outcomes included all-cause mortality,
new onset HF, and AF progression from paroxysmal to persistent or from persistent to
permanent (excluding patients with new-onset or permanent AF at baseline).

Statistical Analyses

Results

Demographic and patient baseline characteristics were compared between patients who
received “all eligible” GDT and those who received some or none of the GDT for which
they were eligible (“not all eligible”). Variables following a Gaussian distribution were
presented as mean + standard deviation; variables following non-Gaussian distributions were
presented as median (interquartile range). Variables were compared using chi-square tests
for categorical variables and the Wilcoxon rank sum test for continuous variables.

The relationship between all eligible GDT use and clinical outcomes was assessed with
adjusted and unadjusted Cox-proportional hazard models for clinical outcomes and pooled
logistic regression for AF progression (with site included as a random effect). Covariates
included in the adjusted model are listed in the Appendix (Supplemental material) with
analyses stratified across 128 combinations of comorbidities to account for number and type
of comorbidity. All continuous variables were tested for linearity and any non-linear
associations were accounted for using linear splines. A non-linear association was noted
between the site level %GDT use and outcomes so a linear spline with a knot at 60% was
used for site level analyses. At the patient level, a robust covariance estimate was included in
order to account for within site correlation. Missingness was handled by 5 fold multiple
imputation.2 Analyses were performed using SAS software version 9.4 (SAS Institute,
Cary, NC).

Study Population

Of the 23,531 patients included in the combined ORBIT-AF and ORBIT-AF Il registries,
2,446 patients were excluded for not having any of the conditions eligible for the GDT
evaluated in this study, and an additional 651 patients did not have follow-up data resulting
in a final study cohort of 20,434 patients. Table | shows the distribution of demographics,
past medical history, baseline laboratory data and enrolling provider specialty stratified by
patients being on all eligible GDT (“all eligible™) vs some or none of the GDT for which
they were eligible (“not all eligible”). The mean age was 72.3 + 10.8 years, 41.7% were
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female, and 87.1% were white. A total of 6,782 (33.2%) patients were on all GDT for which
they were eligible; whereas 13,652 (66.8%) were on some or none of their eligible GDT.
Patients in the “not all eligible” group were more frequently black (5.8% vs 4.0%, p<0.001)
and/or Hispanic (5.0% vs 4.5%, p<0.001) and were more commonly insured by Medicare or
Medicaid (57.3% vs 53.4%, p<0.001). Of the cardiovascular comorbidities with treatments
included in our assessment of GDT, patients in the “not all eligible” group more frequently
had five of the seven studied comorbidities: CAD (38.8% vs 25.0%), DM (40.0% vs 12.3%),
HF (33.4% vs 21.2%), PVD (13.3% vs 8.0%), and OSA (23.1% vs 13.2%) (p<0.001 for all).
Evaluating total number of GDT-eligible comorbidities, patients in the “not all eligible”
group had a median of 3 (2-4) GDT-eligible comorbidities compared to 2 (2-3) in patients
on “all eligible” therapies (p<0.001). Patients in the “not all eligible” group also more
commonly had a medical history of non-GDT related conditions including thyroid disease,
COPD, anemia, prior stroke or transient ischemic attack, Gl bleed, liver disease, and
dialysis. More patients in the “not all eligible” group had frailty (defined as three or more of
the following: unintentional weight loss, self-reported exhaustion, weakness, slow walking
speed or low physical activity) compared to the “all eligible” group (5.3% vs 3.4%,
p<0.001). CHA,DS,VASC scores were higher in patients in the “not all eligible” group (4
[3-5] vs 3 [2-4], p<0.001) yet these patients had slightly lower rates of oral anticoagulation
use (84.1% vs 85.5%, p=0.01).

Clinical Outcomes by Total GDT Use

Over the study period, there wsere 1,678 MACNE events (5.0 events per 100 patient years
[event rate]), and 1,809 deaths (event rate = 5.2). A total of 419 patients developed new
onset HF (event rate 1.8). Of the 11,238 patients with paroxysmal or persistent AF, 2,738
(24.4%) progressed to persistent or permanent AF over the course of follow up.

The association between use of “all eligible” GDT vs “not all eligible” GDT is shown in
Figure 1. While there was an association between use of “all eligible” GDT and lower risk
of MACNE (HR 0.84 [0.75-0.95]) in the unadjusted models, there was no association
between “all GDT” use and these outcomes in the fully adjusted models. There were trends
towards lower rates of MACNE and all-cause mortality (HR 0.90 [0.79-1.02], p=0.09 and
HR 0.90 [0.80-1.01], p = 0.08 respectively), but these did not reach statistical significance.

Comorbidity Specific GDT Use and Clinical Outcomes

In the study cohort, there were 6,990 patients with CAD, 6,294 patients with DM, 6,001
patients with HF, 14,601 with HL, 18,474 patients with HTN, 2,358 patients with PVD, and
4,045 patients with OSA. Use of each GDT by comorbidity is shown in Table Il and Figure
2. Among CAD patients, usage was highest for antiplatelet agents (75.0%), beta blockers
(73.5%), and statins (73.1%) and lowest for ACEi/ARB (63.7%). Use of all eligible CAD
related GDT was substantially lower than any individual agent (45.0%). Similarly, among
diabetic patients, use of ACEi/ARBSs and statins were relatively high (60.7% and 65.9%
respectively) compared to the number of patients on all eligible DM related GDT (43.1%).
For patients with HF, there was high use of beta blockers (76.4%) and ACEi/ARBs (65.2%),
lower for ICDs (45.3%) and lowest for aldosterone antagonists (16.4%). Use of all eligible
HF related GDT was 47.0%. HL, HTN, PVD and OSA all had single therapies considered as
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GDT in this analysis. Most patients eligible for these therapies received them; 75.6% of
hyperlipidemia patients and 67.3% of PVD were on a statin, 54.1% of hypertensive patients
were on an antihypertensive, 57.7% of OSA patients used CPAP. Of patients eligible for beta
blocker by any indication, 73.5% were on treatment. Similarly, 62.2% of patients eligible for
ACEI/ARB and 67.0% of patients eligible for statins by any indication were on treatment.

The association between the use of “all eligible” vs “not all eligible” comorbidity specific
GDT and outcomes is shown in Figure 3. None of the comorbidity specific GDT were
associated with the primary endpoint (MACNE). For the end point of all-cause mortality, use
of all eligible HF related GDT was associated with a lower hazard of mortality (HR 0.77
[0.67-0.89], p<0.001). Use of all CAD related GDT was associated with a higher odds of
AF progression (OR 1.17 [1.01-1.34]). Use of CPAP for OSA was associated with a lower
odds of AF progression (OR 0.75 [0.62-0.90]). Use of all GDT for DM, HL HTN and PVD
was not associated with any of the outcomes.

Site level analyses

A total of 322 sites were included in this analysis including 199 cardiology practices, 62
internal medicine/primary care practices, 60 electrophysiology practices and 1 neurology
practice. The mean %GDT at the site level was 59.9 + 9.5% and was similar across site
types (60.1% for cardiology, 56.7% for internal medicine/primary care, 62.2% for
electrophysiology, and 67.0% for neurology). The association between site level %GDT use
and outcomes is shown in the Supplemental Table. There was a non-linear relationship
between site level %GDT use and outcomes so a linear spline was used and results were
derived separately for sites with %GDT above and below 60% (the approximate level where
risk changed, which also corresponds with the mean value). At low utilizing sites (sites with
%GDT below the mean), increasing %GDT use was associated with a higher hazard of
MACNE (adjusted HR 1.37, 95% confidence interval [CI] 1.15-1.64 per 10% increase), and
new onset HF (adjusted HR 1.71 [1.14-2.58]). There were no statistically significant
relationships between increasing %GDT and clinical outcomes at high utilizing sites (sites
with %GDT above the mean); however, there was a trend towards lower hazards of all-cause
mortality (HR 0.89 [0.77-1.03] per 10% increase) with higher %GDT use.

Discussion

In this analysis of a large nationwide registry of patients with atrial fibrillation, receiving all
eligible GDT was infrequently achieved. Only 33% of patients received all the GDT for
which they were eligible. Patients who received “all eligible” GDT were more often white
and had fewer of the evaluated comorbidities. Comorbidity specific GDT use was highest for
patients with HL (75.6% of patients appropriately treated with a statin) and similar to rates
reported in other outpatient registries.21: 22 Comorbidity specific GDT use was lowest for
patients with DM (43.1% of patients on all eligible diabetic therapies), but the rates of statin
and ACEi/ARB use were similar to large registry studies.23 24 When examining individual
comorbidities, use of HF related GDT was associated with a 23% lower hazard of all-cause
mortality and use of CPAP in OSA patients was associated with a 25% lower odds of AF
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progression. Use of CAD related GDT was associated with a higher hazard of AF
progression.

Concurrent comorbidities and risk factors are common in AF and contribute to the risk of
adverse outcomes associated with AF.2% 26 Prior work, such as the ARREST-AF Cohort
Study,19 has demonstrated that aggressive management of risk factors such as blood
pressure, weight, cholesterol, glycemic control, sleep apnea and use of alcohol and/or
tobacco can result in improved AF control and less symptom burden than standard care. Yet,
two thirds of the AF patients in this study were not receiving all the GDT for which they
were eligible. We also found that a lower proportion of African American patients received
“all eligible” GDT compared to whites. This may be due to an overall higher burden of
disease (patients in the “all eligible” GDT group had fewer of the comorbidities evaluated)
or a manifestation of racial disparities in cardiovascular care.2” This highlights the
importance of quality improvement efforts like Get With The Guidelines- AFIB which aim
to assist hospitals in providing up to date evidence based treatment for AF patients.28

The relationship between GDT use and clinical outcomes is influenced both by the type of
patients who received GDT as well as the direct effect of GDT on outcomes. While patients
receiving “all eligible” GDT had a trend towards lower hazards of MACNE or all-cause
mortality, we also found that these patients had fewer of the evaluated comorbidities than
those on “not all eligible” therapies. The association between GDT use and outcomes is
likely influenced in part by confounding if the lower event rates among patients on “all
eligible” GDT was reflective of their lower overall disease burden rather than an effect of the
therapies themselves. To explore this further, we evaluated the use of GDT at the site level
and found that at low utilizing sites (sites where GDT was used in <60% of situations in
which it was indicated), GDT use was associated with higher hazard of MACNE, major
bleeding, all-cause and CV hospitalization as well as new onset HF. It is possible that at
these sites, the studied therapies were allocated only to patients with high disease severity
and thus GDT use was associated with higher rates of adverse outcomes. In high utilizing
sites, where GDT use was likely more uniformly used across patient risk groups, there was a
trend towards lower all-cause mortality and bleeding hospitalizations. The consistency of the
relationship across analyses suggests a more direct relationship between GDT use and all-
cause mortality; however any causal relationship cannot be inferred from this observational
analysis.

The comorbidity specific analyses provide a more detailed look into the drivers behind the
relationships between GDT use and clinical outcomes. Use of HF related GDT was
associated with 23% lower hazards of all-cause mortality. This is consistent with previously
published estimates of the reduction in mortality risk attributable to heart failure therapies
ranging from 17% for ACEi/ARB to 34% for beta blockers.2® Despite the aggregate
evidence for the benefit of GDT in HF, it is notable that our data estimate that for patients
with HF and AF, 24% of eligible patients are not on a BB, 35% of eligible patients are not
on an ACEi or ARB, and 55% of eligible patients do not have an ICD. These rates are
similar to the general HF population in whom underuse of GDT and device therapy among
eligible patients has been well documented.30: 31 We also observed that CPAP use among
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OSA patients was associated with a lower odds of AF progression, which is consistent with
prior analyses.32: 33

The association of CAD related GDT use with AF progression is less straightforward. CAD
related GDT included beta blocker, statin and in some patients ACEi/ARB and an
antiplatelet agent. Many of these therapies were components of GDT for other evaluated
comorbidities (beta blockers and ACEi/ARB were components of HF related GDT and statin
use was considered HL GDT) none of which were associated with AF progression. While
this may be due to a unique relationship between these medications and AF progression in
the setting of CAD, the association may also be due to chance.

The results of this study highlight a need for improved implementation of GDT for AF
patients. An integrated management approach to atrial fibrillation that incorporates nurse-
based, physician supervised clinic model has been shown to be cost-effective and may
reduce cardiovascular morbidity and mortality.34 3 This approach may provide the ideal
platform for optimizing both direct AF care as well as improve the implementation of all
eligible GDT for comorbidities in AF patients both of which may improve clinical
outcomes.

This study included patients who were part of a voluntary registry and may not be fully
representative of all AF patients or patterns of care in the US. Not all guideline
recommended therapies were measured in this registry (including use of hydralazine/
nitrates, angiotensin receptor-neprilysin inhibitors, or cardiac resynchronization therapy) nor
were non-pharmacologic/device based interventions such as smoking cessation, diet and
exercise evaluated. ACC/AHA Guidelines for the management of heart failure were updated
in 2013 during the study period and expanded the class | recommendation for aldosterone
antagonists in HF to include patients with NYHA class I symptoms.36 We chose to consider
patients with HF and NYHA class I1-1V symptoms as eligible for aldosterone antagonists as
the pivotal trial prompting this expansion (EMPHASIS-HF)37 was presented in 2010 and
published in 2011 near the beginning of the study period, which may have overestimated the
number of patients eligible for aldosterone antagonists based on published guidelines. CPAP
use for OSA was included as a component of GDT as part of the hypothesis that evidence-
based therapies may reduce AF progression; however, there is no robust evidence that CPAP
use for OSA improves cardiovascular outcomes and thus its inclusions as a component of
GDT for the MACNE, mortality and new-onset heart failure endpoints may have biased
those analyses towards the null.38 As mentioned above, patients “not all eligible” category
were older with greater comorbidity. Our analyses were stratified on both the type and
number of comorbid conditions to compare patients with similar risk profiles and attempt to
isolate the effect of GDT use on outcomes. However, this statistical technique is unable to
account for unmeasured confounding factors nor the severity of each of these conditions.
Thus some component of the trend towards worse outcomes in the “undertreated” patients
may reflect the greater overall illness burden in this group. While medication use was
documented, adherence and dosing information was not available. Additionally, information
about contraindications or intolerances to the therapies evaluated in this study was not
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available. Comorbidity presence and medication use was assessed at the time of registry
enrollment; thus, the development of comorbid conditions or starting/stopping of GDT after
registry enrollment are not accounted for in the presented models and would have biased the
result towards the null. Registry patients may be more likely to receive GDT than the general
population due to their more frequent contact with the health system so estimates of GDT
use in the general population may be lower than reported here. Finally, the retrospective,
observational nature of this study limits any causal inference and may be impacted by
residual, unmeasured confounding.

GDT for treatment of comorbidities in AF patients in routine practice is under-utilized. The
association between receiving all eligible GDT use and clinical outcomes was strongest in
those with HF and OSA, where use of GDT was associated with lower all-cause mortality
and less AF progression, respectively. Future efforts to improve the comprehensive care of
AF patients including management of their comorbid conditions may improve clinical
outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Association between use of “all eligible” GDT and clinical outcomes. Abbreviations AF =
atrial fibrillation; HF = congestive heart failure; CV = cardiovascular; MACNE = major
adverse cardiac/neurovascular events.
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GDT use by comorbidity. Abbreviations: ACEi = angiotensin converting enzyme inhibitor;
ARB = angiotensin receptor blocker; BB=beta blocker; CAD = coronary artery disease; HF
= congestive heart failure; CPAP = continuous positive airway pressure; DM = diabetes

mellitus: HL = hyperlipidemia; HTN = hypertension; ICD = implantable cardioverter

defibrillator; OSA= obstructive sleep apnea; PVD = peripheral vascular disease.
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