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ABSTRACT

UTILIZATION OF THE CALM APPARATUS TO ADULT MEN AND WOMEN
WITH ATRIAL FIBRILLATION TO DECREASE EMERGENCY DEPARTMENT
VISITS FOR ATRIAL FIBRILLATION
By
Ami Louise Klein

The purpose of this project is two-fold. The first is to determine if the CALM APP use
by adult men and women with atrial fibrillation (AF) will decrease anxiety. The second
is to determine if decreased anxiety utilizing the CALM APP will deter admissions to the
emergency department (ED) for AF in the first month post-catheter ablation of AF. The
Zung SAS was used to determine the pre- and post-anxiety scores. The Seven Days of
Calm (free app) was used to teach deep breathing and meditation. This study showed a
moderate decrease in ED visits with use of the Calm app.
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Chapter One
Introduction to the Problem
Atrial fibrillation (AF), a disorder involving the electrical system of the heart,
plagues 33.5 million worldwide with a growing economic burden of $26 billion in the
United States (Guo et al., 2017). This progressive arrhythmia, or without rhythm (Dubin,
2000), of the heart’s electrical system can come and go (paroxysmal) until it comes and
stays (permanent), causing ambiguity in its symptoms and triggers. With the uncertainty
of AF, individuals present to emergency departments (ED) multiple times with varying
symptoms of fatigue, shortness of breath (SOB), palpitations, chest pressure (CP),
lightheadedness, anxiety, panic, and fear (Rozen et al., 2018). At times, AF is identified
without symptoms, such as during an annual physical exam, an ED visit for a cerebral
vascular accident (CVA), transient ischemic attack (TIA), or heart failure (HF) (Rozen et
al. 2018). These situations can provoke anxiety, confusion, and panic from this
disturbance of the heart rhythm. Frequent ED visits for palpitations and anxiety without
a definite diagnosis leads to escalating healthcare costs (Rozen et al., 2018). As a patient
begins to associate their symptoms, such as palpitations, with AF and witnesses this
arrhythmia on an electrocardiogram (EKG), this further connects their anxiety with the
onset of AF. Once this correlation takes place, educating individuals on resources that
quiet anxiousness, such as deep breathing, can potentially reduce ED visits and healthcare
costs by decreasing the panic drive to the ED.
Anxiety triggers the autonomic nervous system (ANS) to activate the sympathetic
nervous system (SNS) to fight or flee. In both AF and anxiety, adrenalin bombards the
heart muscle by igniting rapid repeated activation of the pulmonary veins (PV) (four
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veins found in the left atrium), overtaking the regular firing of normal sinus rhythm
(NSR) in most cases (Chen & Tan, 2014; Haïssaguerre, et al., 1998). NSR originates as a
small cluster of electrical cells found in the right atrium, known as the sinus atrial node
(SAN). When NSR is interrupted, it may be replaced with a chaotic uncontrollable
rhythm known as AF (Scherlag, Yamanashi, Patel, Lazzara, & Jackman, 2005). This
electrical disorder is analogous to a Riverdance on the chest wall that inflicts symptoms
of anxiety, and equally, anxiety can trigger AF (Suzuki & Kasanuki, 2004). With better
understanding of the fight or flight of the SNS, through understanding of the cardiac
autonomic nervous system (CANS), the ganglia plexus (GP), atrial pressures, and
baroreflex sensitivity, individuals can elicit the relaxation of the parasympathetic nervous
system (PSNS) to slow and calm the chaos of AF (Chen et al., 1998).
Independent identification of AF has now advanced through the use of mobile
devices. The evolving science of heart monitors has progressed from 12-lead EKGs to
implantable, wearable, and hand-held devices, which ultimately captures the heart rhythm
and displays the image on a mobile device screen (Perez et al., 2019). The ability of
these devices to capture and then display this information in real time allows the
individual to link symptoms, such as anxiety, SOB, and palpitations, with AF. Once this
correlation is made, the individual can look for triggers such as anxiety, alcohol, or sleep
apnea (SA). Associating anxiety as a trigger for AF symptoms may lead individuals to
better understand the cause of their AF.
Identifying and understanding feelings of anxiety can be difficult for trained
medical providers, and even more so for the untrained person. Utilizing a tool that
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individually scores anxiety based on a series of questions creates a connection between
symptoms of AF and anxiety. The Zung Self-Rating Anxiety Scale (Zung SAS) is one of
many anxiety and depression tools that aide providers in developing a better
understanding of personal psychological syndromes (see Appendix A). The Zung SAS,
created by psychologist, Dr. William W.K. Zung, focuses on anxiety separate from other
psychiatric disorders, such as depression. The Zung SAS allows symptoms of anxiety to
be rated by the individual and provider, culminating in a score. This score demonstrates
the level of anxiety one carries. Utilizing the score before and after interventions, such as
medication, or non-pharmacological methods, such as deep breathing, guides providers in
treatment and self-control of individual anxiety (Zung, 1971).
AF and anxiety are lifelong disorders that individuals learn to recognize and
manage. AF can progress despite interventions, such as electrical cardioversions that
reset the heart’s rhythm with administration of a counter electrical current, to catheter
ablations (CA) that scar the cardiac tissue around the pulmonary veins and obstructs the
chaotic conduction (Haïssaguerre et al., 1994). Treatments surround symptom
management and can differ by individual needs. Medications are first line treatment for
the management of anxiety and AF and occasionally come with unwanted side effects
(Kahn et al., 2019).
There is little data on non-pharmacological treatments like yoga, deep breathing,
and acupuncture. Emerging techniques, such as the low-level transcutaneous vagal nerve
stimulator (LLTVNS), appear to decrease atrial inflammation and AF recurrence
(Stavrakus, 2015). Independence, self-control of anxiety, and ultimately decreasing the
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recurrence of AF is gained by exploring these non-pharmacological treatments. With this
knowledge, individuals can find comfort in mindfulness exercises that diminish the heart
rate (HR), soothe the panic, and reduce visits to the ED by reducing the fear of AF
symptoms.
Mindfulness apps such as Calm and Headspace show potential in curbing
symptoms of anxiety. However, little is known if these apps decrease AF recurrence
(Gál, Stefan, & Cristea, 2020). For this DNP (doctor of nursing practice) project, the
Calm app will be explored. Calm, found in the app store for mobile devices, will allow
patients the flexibility to achieve control of their anxiety with simple instructions (see
Appendix B). Calm is not an acronym, but the name of a software company based in San
Francisco, California. Calm has over 50 million downloads and is the number one app
for meditation, sleep, and relaxation (Clarke & Draper, 2019). Fostering sleep and
relaxation helps to decrease triggers of uncertainty in AF (Severino et al., 2018).
Personal identification of recurrent anxiety allows the individual to develop nonpharmacological skills that calm the chaos of AF, diminishing recurrent ED visits, and
thereby decreasing AF’s burden on the healthcare system.
Therefore, mindfulness exercises found in the Calm app can be applied towards
this pathway of diminishing anxiety, AF, and frequent ED visits. Calm was created by
Michael Acton Smith and Alex Tew. These two men from San Francisco, California, set
out in 2012 with intentions to make the world happier (https://www.calm.com). The
name implies the function and allows individuals the opportunity to achieve control of
their anxiety with simple instructions anywhere and anytime.

5
Developing acceptance of illness can lead to self-control, ultimately evolving to
independence from anxiety and subsequent AF symptoms. Personal identification of
anxiety allows individuals to develop non-pharmacologic skills that calm the chaos of
AF. With the recognition of AF symptoms comes control of one’s health, thereby
diminishing recurrent ED visits and decreasing AF’s burden on the healthcare system.
This DNP project will analyze the efficacy of the calm app in decreasing the Zung SAS
score and deter individuals with AF from ED visits.
Background and Significance
Arrhythmias of the heart are observed in the atria and the ventricle muscles, also
known as the myocardium. These arrhythmias can cause minor symptoms, such as
fatigue, palpitations, and SOB, to more serious symptoms including CP, paralysis, and
death. The anatomical focus of this DNP project will be on an electrical dance that
occurs in the atria known as AF. AF is driven by multiple aberrant, atrial, electrical
signals found in the PVs that replace the normal unique beat that kicks off the atrial and
ventricular contractions, known as NSR (Staerk, Sherer, Ko, Benjamin & Helm, 2017).
These contractions of the heart muscle can be described as, “continuous, chaotic atrial
activity” (Fogoros, 2012, p. 108), to “an irregularly irregular occurring rhythm without
discernable P waves (atrial depolarization) on a 12-lead EKG” (Cowan, 2017, p. 87).
This chaotic irregular activity can incite palpitations, producing anxiety which leads to
ED visits, confusion, and fear.
Regardless of the definition, this arrhythmia is becoming more significant,
occurring in 33.5 million of the world’s populace and 3-5 million in the U.S. populace
(Rahman, Kwan, & Benjamin, 2014). In a retrospective observational cohort study, Kim
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et al. (2011), determined the burden of AF will cost $8,705.00 per patient yearly, an
estimated $26 billion in the US. In a large cross-sectional analysis, 3,886,520 total ED
visits for AF between 2007 and 2014 were seen. Projections for the US include 80,000
annual deaths and 460,000 hospitalizations for AF by 2050, with the determining factor
for cost aligning with AF hospitalizations. The increase in AF prevalence in the aging
population, coupled with declining mortality, adds to the escalating cost (Rozen et al.,
2018). With this impending epidemic, early identification of AF risk factors and triggers
will lead to early treatment and change the epidemic’s trajectory.
The rapid and quivering rhythm of AF diminishes atrial squeeze leading to
stagnant blood flow through the atria. This stasis creates a five-fold greater risk of CVA
due to the clotting of blood in the large left atrial appendage (LAA) off the left atrium.
The dislodgement of the clot from the rapid heartbeat ensures travel through the
circulation to the brain causing a CVA (Sheikh et al., 2015). Indicators of AF, such as
fatigue, diminished endurance, anxiety, and SOB, can be misinterpreted as normal aging.
The obvious symptom of an intermittent rapid heartbeat leaves the individual panicked.
Anxiety is increased with each stutter of this heartbeat and consequential symptoms of
AF ensue. Understanding and evaluating the connection AF has with anxiety is
especially important, as individuals with AF demonstrate higher levels of anxiety
(Garimella, et al., 2015).
Anxiety is identified through the central nervous system (CNS), mediated by the
ANS and heightened by the SNS and a depleted PSNS. The excited SNS triggers the
release of neurotransmitters, such as norepinephrine, that bombard the normal electrical
focus of the heart muscle until its rhythmic beat becomes a rapid chaotic beat. Chen,
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Chen, Fishbein, Lin and Nattel (2014), noted, “methods that reduce autonomic
innervation or outflow have been shown to reduce the incidence of spontaneous or
induced atrial arrhythmias, suggesting that neuromodulation may help in controlling AF”
(p. 1500). Basic deployment of the PSNS can be achieved with deep breathing exercises,
which helps to reduce anxiety.
While it sounds simple to take a deep breath, oftentimes this exercise is mocked
and not well grasped. Understanding and utilizing tools that activate the PSNS by
releasing serotonin can calm the uncertainty of AF (Stavrakis et al., 2020). As a positive
example of the potential effectiveness of this type of treatment, the coronavirus (COVID19) pandemic saw an insurgence of apps that offer tutorials on deep breathing exercises
to deter stress and anxiety and fill a knowledge deficit that supports anxiety reduction.
Implementing such a tool with the onset of anxiety symptoms may prompt the PSNS to
calm the SNS and silence the flutters of AF symptoms.
Uncertainty is common in AF patients. In AF, the initiation of this chaotic dance
in the chest comes without warning, leaving one to panic with any unusual feeling in the
torso. Anxiety by itself can prompt AF, and AF can prompt anxiety (Lane et al., 2015).
Understanding this relationship allows the AF patient control of their disease.
Recognizing anxiety and associating it with chest fluttering in AF can prompt individuals
to understand their disorder, fostering a path towards coping strategies.
Teaching individuals to identify anxiety as a trigger can be guided by tools that
quantify anxiety. Selected tools are given by a trained interviewer and others are selfadministered (Costello & Comrey, 1967). The outcome is to measure the anxiety. Many
tools incorporate more than one psychological disorder, causing misperception (Zung,
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1971). Dr. Zung noted many rating scales developed in the 1970s confused providers and
did not separate depression from anxiety. This combination led to ineffective treatments.
These two disorders, while different, were always scored together. Dr. Zung developed
the Zung SAS as a rating instrument both for the provider as an anxiety status inventory
(ASI) and as the SAS for the individual (See Appendix A).
This DNP project will use the Zung SAS independently from the ASI. The Zung
SAS evaluates affective and somatic symptoms of anxiety (Zung, 1971). This scale
offers a prompt between provider and AF individuals, aiding in identification of anxiety
and its association to symptoms of AF. Understanding this association encourages
coping mechanisms that allow modifications to AF’s uncertain progression. Algorithms
or paths help direct the learning process to the understanding of one's illness, as well as
treatments that calm the symptoms of AF.
Purpose of the DNP Project
The purpose of this DNP project is two-fold. The first purpose is to determine if
the use of the Calm app by adult men and women with AF will decrease anxiety. The
second purpose is to determine if the decreased anxiety due to utilizing the Calm app will
deter admissions to the ED for AF.
Methods
This DNP project will examine one heart rhythm clinic in a rural Midwestern city.
Analysis will include adult men and women who have been diagnosed with AF by a
healthcare provider. During the months of September 1, 2020, through December 31,
2020, individuals with a diagnosis of AF will be invited to participate in this DNP
project. There will be a minimum of 40 randomized patients separated into two groups.
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All participants were given the Zung SAS to facilitate scoring of anxiety upon study entry
and at one month after entry into the project. Both groups will be taught the etiology,
implications, and treatments for AF, according to the 2014 American Heart Association
(AHA), American College of Cariology (ACC), and Heart Rhythm Society (HRS) AF
guidelines. The treatment group will receive instruction on how to use the Calm app.
The results of the Zung SAS will be kept in a locked cabinet in the heart rhythm
clinic. The participants assigned use of the Calm app will be instructed on how to use the
app with their smart device upon enrollment. Specifically for this DNP project,
participants will use the Seven Days of Calm (http://www.calm.com), found under the
meditation prompt, as there are a variety of prompts to choose from (See Appendix B).
While the title references only seven days, the meditation can be repeated free of charge
for as long as one needs. For this DNP project, participants will use this meditation
prompt for one month. The participants will be asked to use the Calm app if they are
feeling arrhythmia symptoms, such as palpitations, anxiety or SOB, that would provoke
an ED visit during the analysis month.
The DNP project concluded one month after completing and returning the Zung
SAS by mail or in person. The anxiety scores, age, and gender of the individuals, if they
used the Calm app, and if they presented to the ED, will be collected, and stored on an
encrypted fob through December 31, 2020. A simple t-test will be used to compare the
two groups and will determine the efficacy of the Calm app at decreasing anxiety and
deterring ED visits.
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Theoretical Framework
AF can present as paroxysmal and evolve to persistent, causing heightened
awareness of each heartbeat. Individuals do not know when AF will display its butterfly
motions in the chest, or provoke a bout of lightheadedness, fatigue, or panic. Many
times, presentation to an ED with varied symptoms and lack of documented cause ends
without a diagnosis. Merle H. Mishel, a registered nurse (RN), with a Doctor of
Philosophy (Ph.D.), in mental health nursing, and Division Head of mental health nursing
at the College of Nursing, University of Arizona, developed the uncertainty in illness
theory (UIT) (see Appendix C). The UIT is a middle range nursing theory, which looks
at fostering individual preference of opportunity or danger along the path of chronic
illness (Mishel, 1988). Dr. Mishel worked with cancer patients, and through their work
identified anxiety, depression, poor optimism, and diminished quality of life with
damaging temperaments (Mishel, 1988).
The UIT also surrounds three topics: “Antecedents of uncertainty, appraisal of
uncertainty, and coping with uncertainty” (Smith & Liehr, 2003, p. 29). The antecedent
of uncertainty can be both AF and anxiety. The appraisal is guided through the Zung
SAS, projecting a lane towards a new value system that explores treatments of anxiety.
Therapies such as yoga, vagal stimulators, and mindfulness activities demonstrated in the
Calm app led to coping, adaptation, and control in this uncertainty.
On the UIT pathway one can either choose an opportunity, such as
anticoagulation to prevent CVA in AF, or danger by not taking the anticoagulant and
having a CVA. Either way, patients arrive at adaptation and acknowledge personnel
acceptance to this chronic illness. The UIT model enlightens individuals to cognitive
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development of illness-related episodes and how construction of those events is
formulated. According to Dr. Mishel (1988), uncertainty is described as a “cognitive
state that appears in circumstances where the decision maker is unable to forecast
outcomes astutely because the symptoms are ambiguous, often having a double meaning”
(p. 225). The uncertainty of AF often perpetuates the symptoms of anxiety. This
prevailing danger incites panic, thereby obscuring the path to opportunity.
These symptoms of AF can come and go for many years until at last this
Riverdance in the chest is identified as AF on an EKG. AF presentation often leads to
confusion and mistrust of the symptoms. Individuals either ignore the symptoms or
present to the ED frequently with increasing anxiety. Together, these paths plague
healthcare dollars. The first path, ignoring AF symptoms, can present later in life as HF
or CVA. The second path, multiple ED visits, add to increased healthcare costs. Either
way, these symptoms are personal, unfamiliar, and unsettling. Repeated ED visits
without a diagnosis for these symptoms leads to confusion and diminished confidence in
one’s interpretation of their health. AF is a lifelong illness that incapacitates the
individual both physically and mentally. Dr. Mishel (1988) states in the UIT that the
individual must determine if the illness is dangerous or an opportunity. In opportunity,
one develops a mastery of the illness. In danger, one traverses a path of repeated ED
visits for panic, HF, and CVA. AF’s very nature is uncertain. This DNP project will
identify the uncertainty of AF symptoms that trigger anxiety. By utilizing the Zung SAS
and quantifying the anxiety, individuals will identify their anxiety, conceptualize it, and
move towards the Calm app as treatment for AF, utilizing the ‘opportunity path’ of the
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UIT. This encouraged individual self-control of AF and anxiety, reducing ED visits, and
decreasing healthcare dollars.
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Chapter Two
Review of the Literature
The purpose of this DNP project is to determine if the use of the Calm app will
decrease anxiety scores in adult men and women, ages 30-90 years old, with AF. The
secondary purpose is to determine if the reduction in anxiety scores reduces ED visits.
The process of the UIT will be explored in this literature review. Exploration of the
Cochrane Database, CINAHL, PubMed, and Google Scholar were used to review articles
within ten years of this DNP project, as well as earlier articles to support historical
context and purpose. The following were terms used in the search: AF, anxiety, anxiety
and AF, anxiety perception, triggers of AF, mindfulness tools, uncertainty in illness,
mobile anxiety tools, Calm, Calm and anxiety, Calm and AF.
The articles selected for this literature review were the most consistent with the
purpose of this DNP project. There was little data supporting the use of the Calm app for
treating anxiety, and no data supporting the app’s use in the reduction of AF symptoms.
Therefore, the first purpose of this study was to determine if the use of the Calm app by
patients with AF would decrease anxiety scores, which were obtained through use of the
Zung SAS. The second purpose of this DNP project is to determine if reduced anxiety
scores decrease ED visits for AF. The literature review supports the question of the
association of anxiety to AF, which is the most common arrhythmia. The association of
the ANS with both AF and anxiety, and the connection between AF and anxiety, has
presented opportunities for new research.
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Atrial Fibrillation
AF is an abnormality of the heart’s electrical system. Understanding the
symptoms of what one feels with a normal beating heart compared to that of an
abnormally beating heart has intrigued scientists for decades. Each investigation leads to
a new understanding of AF and its associated complications and treatments for this
irregularity of the heartbeat. Each inquiry draws attention to the complex layers of the
human heart. Identifying irregularities that draw science to various theories, such as the
discovery of the PV’s initiation of AF (Haïssaguerre et al., 1998), prompts the
investigation of regular versus irregular heartbeats.
These investigations began with the realization that the heart houses its own
electrical system. In 1901, Dr. Willem Einthoven perched a silvered wire between the
poles of a magnet and connected the wire to two electrodes or sensors on each wrist of a
volunteer. Surprisingly, the wire twitched with each beat of the volunteer’s heart.
Einthoven bore holes in the magnet’s poles and projected a light beam across the
bouncing wire. On the wall, this lighted, rhythmic, activity was displayed. Transposing
this picture to a moving scroll of photographic paper produced the first EKG (Dubin,
2000; Ershler, 1988). This first version of the EKG allowed scientists to see both normal
and abnormal heart beats.
Since 1790, scientists have investigated electrical stimulation of animal muscles.
Animal models were studied in the early years related to religious beliefs. In 1912,
Dr. Walter E Garrey, who specialized in human physiology, described contractions or
fibrillations of an animal’s atrium, which did not appear to rely on the opposite atrium.
He noted a critical mass of tissue was needed to perpetuate this chaotic rhythm (Garrey,
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W.E., 1912). This led to an increasing hypothesis surrounding the origins of these
movements. Dr. Gordon K. Moe identified AF as cast-offs from an irregular fractionated
wave front, initiated by a single foci (focus), and was later supported through mapping
technology by Dr. Mauritis Allessie (Allessie, Bonke, & Schopman, 1976; Moe,
Rheinboldt, & Abildskov, 1963). This technology recorded the wavelets as they
multiplied, collided, and fragmented in countless directions in the animal heart. This
technique continues today in the electrophysiology (EP) lab, with newer technology
showing a 3-D model of these wavelets.
Jumping from animal models to humans, cardiac surgeons such as Dr. Thomas E.
Canavan concluded that multiple wavelets emanated from structures, such as the PV and
the caval veins (CV) (Canavan et al., 1988). This was later proven by Dr. Michel
Haïssaguerre while treating 45 patients diagnosed with multidrug-resistant paroxysmal
AF. Utilizing mapping technology, AF was spontaneously initiated through
bombardment of the earliest electrical action with adenosine prior to the onset of AF.
This study exhibited 69 ectopic foci. One foci was observed in the posterior left atrium
(1.5%), three observed in the right atrium (4.4%), and 65 (94%) were observed in the PV
(Haïssaguerre et al., 1998). With the introduction of radiofrequency ablation (RFA) in
1997, AF was deterred by elimination of the foci from the PV with a RFA burn (Jais et
al., 1997). This led to the pursuit of a cure for AF and CA took on the role of primary
treatment for AF.
Initially, CA was promising in some people. However, in others despite CA, AF
was seen in follow-up. This led to questions of the efficacy of CA and the procedure’s
invasive reductions in mortality, as well as overall healthcare cost. Understanding this
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data and supporting a patient specific treatment plan is key to appropriate treatment of
AF. The CABANA (Catheter Ablation versus Antiarrhythmic Drug Therapy for Atrial
Fibrillation) trial was a large multicenter prospective open-label clinical trial looking at
CA as the superior treatment of AF. The study sites were comprised of 140 national and
international EP centers capable of CA. This clinical trial randomized 1,240 patients to
either CA (n=611) or drug therapy (n=629) with a primary endpoint of decreasing
mortality and debilitating stroke and a secondary endpoint of total mortality. During the
five-year follow-up, this trial showed by intention-to-treat analysis, a 14% reduction in
mortality with CA (p=0.303). While this was not a significant value in preventing
mortality from AF with CA, an important secondary end point was observed: Significant
reduction in recurrence of any (symptomatic and asymptomatic) AF by 48% (p<0.001),
and symptomatic AF by 51% (p<0.001). This spurred discussion surrounding the
relationship of AF to multiple clinical outcomes, including quality of life (QOL),
hypertension (HTN), and the association with changes to the size of the atrium (Packer et
al., 2019; Poole et al., 2020).
Atrial remodeling due to volume overload and fast rhythms results in atrial
cardiomyopathy, or enlargement of the atrium. Atrial cardiomyopathy has been
demonstrated through imaging, such as cardiac ultrasound in individuals with AF. There
are many comorbidities, such as HTN, alcohol consumption, poor sleep, and anxiety, that
contribute to this enlargement of the atrial muscle (Heijman, Linz, & Schotten, 2021). To
understand the associated link of comorbidities, a single center prospective observational
study was organized at the University Medical Center Groningen, Netherlands.
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This study, known as YOUNG-AF (The Phenotyping YoungOnset AF Patients)
enrolled 500 adult men and women between August 2012, and December 2013, who
presented with AF to the outpatient clinic. The age of participation was 18 to less than 60
years old, with the average of 46 ± 10 years. De With, Marcos, Van Gelder, and Rienstra
(2018), sought to understand the clinical profile of AF, the progression of AF, and the
long-term prognosis of premature AF. Of the 500 participants, 468 patients were
enrolled. The average age of AF onset in the study population was 46
±10 years. Familial AF was seen in 118 (25%) of the study population. With a mean
blood pressure (BP) of 131/82, HTN was observed in 207 (44%) of the study population.
HF was seen in 44 (9%) of the study population. Other comorbid states such as diabetes
mellitus (DM) and chronic obstructive pulmonary disease (COPD) were seen, but did not
significantly impact this study (p=.72; p=.57). Uncontrolled diastolic blood pressure was
found to significantly increase the progression of AF in young individuals (p=0.010). De
With, Marcos, Van Gelder, and Rienstra (2018), hypothesized that treating underlying
health issues, such as HTN, would delay the onset of AF due to controlling the atrial
remodeling.
This study did not identify a specific treatment. In fact, interventions such as antiarrhythmic medications and CA were not significant in deterring the progression of AF
(p=0.197). The authors concluded that larger randomized studies are needed to identify
the association with chronic disease such as HTN (De With, Marcos, Van Gelder, &
Rienstra, (2018). With this information, providers can monitor for AF in individuals with
a family history of AF or early onset HTN. Early identification of AF would decrease the
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progression of this evolving epidemic and deflect the financial and physical burden of AF
on healthcare in the US and around the world.
In the last century, AF has gained extensive attention in both the clinical and
scientific arenas. AF is distinguished as the most common arrhythmia in the world
(Benjamin et al., 1998; Chamberlin et al., 2016; Linz, Ukena, Mahfoud, Neuberger, &
Böhm, 2014; Shivkumar & Weiss, 2001; Vinter et al., 2020). The implications of this
arrhythmia can be felt physically, mentally, and financially. A large cohort study
designed to estimate AF’s growing incidence rate and the shifting characteristics of AF’s
at-risk population was analyzed by data obtained from an electronic medical record
(EMR) within an integrated healthcare system in rural, central, and northeast
Pennsylvania, from 2006-2018. In the study population of 500,684 adults, AF increased
by 3% in twelve years (Williams et al., 2020). This work coincided with Rozen et al.
(2018), who analyzed the Nationwide Emergency Department Database. The database
exposed a total of 864,759 adults diagnosed with AF through the NEDS (Nationwide
Emergency Department Sample) database in the US from 2007-2014. The NEDS
database contains the ED discharge data from 30 million ED visits from greater than 900
hospitals across 30 states. This gives a stratified sample of 20% of US hospital ED visits
each year. This repeated cross-sectional analysis showed an increase of 30.7% in ED
visits, carrying a price tag of $10.1 billion in 2014 (Rozen, 2018).
The increasing incidence and cost of AF was demonstrated over time in the US
through the large ongoing Framingham Heart Study (FHS). The community of
Framingham, Massachusetts, started volunteering for this study in 1948 to identify
patterns in health that lead to coronary heart disease (CHD) and death. Three generations
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of men, women, and children continue to participate in this study. This has allowed
retrospective evaluation through three separate generations of lifestyle associations with
CHD. Extrapolating data from the initial FHS and the Framingham Offspring Study
(FOS), allows science to identify common problems, such as obesity and decreased
physical activity that provoke CHD.
The epidemiology of AF can be identified through the three generations of the
FHS and FOS. Looking at the increase in ED visits for AF, Vinter et al. (2020),
wondered if mortality changed from the original FHS group to the FOS group. Utilizing
the expanding enrollment of the FHS cohort, the researchers reviewed data specifically
looking at AF. They separated 5,671 participants into 1972-85, 6,177 participants from
1986-2000, and 6,174 participants from 2001-2015. During each time period, adult men
and women between the ages of 45-95 with no AF or newly diagnosed AF were
followed.
During the accumulated 45 years, those with newly diagnosed AF saw increasing
mortality. There was an increasing tendency of non-cardiovascular death in those with
newly diagnosed AF. Subsequent reviews identified the aging populations surge of
uncontrolled risk factors such as HTN, HF, obesity, DM, anxiety, and SA, as the common
causes of AF (Chamberlain et al., 2017; Lippi, Snachis-Gomar, & Cervellin, 2019; Rozen
et al., 2018; Vinter et al., 2020). Mechanisms associated with atrial structural variations,
like SA and atrial stretch identified with HTN, have long supported the recurrence of AF
(Linz, Ukena, Mahfoud, Neuberger, & Böhm, 2014). The suspicion of a link between
treating common health issues and reducing all-cause mortality has fostered research to
look at the mechanism of AF and these collective controllable disorders. The possibility
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of preventing AF may lead to better understanding of this disease process and AF’s
initiation.
With the discovery of the human genome, science has advanced its understanding
of multiple diseases from cancer to the common cold. AF has seen similar advances. AF
is generated by distinct pathophysiological conduits, such as one’s genes, age, race, and
gender (Severino et al., 2019). While these conduits of AF cannot be modified,
understanding the association between AF and modifiable risk factors, such as HTN,
obesity, and anxiety, can incorporate treatments that help modify the recurrence of AF.
Yet, despite this rising epidemic and roughly 100 years of research, the mechanisms
responsible for AF maintenance are poorly understood. While we have determined
isolation of the PV by CA significantly reduces AF symptoms, it is a costly and long
procedure with increasing risk factors (Packer et al., 2019). Understanding other
mechanisms of the hearts function and the connection of triggers will prompt future
studies connecting these two disease paths.
Autonomic Nervous System and AF
The CANS is complex and can work with or without conscious participation. The
ANS runs from the brain throughout the body, automatically engaging its two branches,
the SNS and the PSNS. These two opposing branches control our BP, HR, and reactions
(good and bad) to everyday life. Balancing these two branches can be tricky, as too much
or too little input from the PSNS or SNS can cause AF (Linz, et al., 2014; Manolis et al.,
2021). Grasping the intricacies of the ANS, specifically the CANS reaction to anxiety
and the powerful effect the vagal nerve plays in slowing the HR, may shed light into
everyday routines that balance the ANS, calming the surge of irregularity in the heart. It
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is here that AF treatments have journeyed. Ignited by previous findings of PV activity,
autonomic modulation, or the stimulation of the autonomic nerve to modulate the activity
of the ANS has become an appealing therapy for AF.
Cardiac arrhythmogenesis, or the development or genesis of arrhythmia, has been
a pinnacle area of arrhythmia research for half a century. About the time William
Shakespeare was adding the finishing touches to Hamlet in 1628, Dr. William Harvey
was shocking the scientific world with the enclosed pump theory of the heart’s
circulation (Ribatti, 2009). While he describes the heart as a closed pump rather than
leaking pores, he also indicated a connection between the heart and brain (Harvey, 1929).
Making the leap to this century, Dr. Philippe Coumel then identified an arrhythmogenic
substrate (premature atrial contraction (PAC), or trigger, which modulates the ANS and
predisposes individuals to AF (Coumel, et al., 1994).
Subsequent studies outlined the vigorous connection the ANS and heart have
through extrinsic inputs and the GP. The GP were identified as abundantly innervated
areas surrounding the PV with more than half of the GP making up the base of the PV.
The GP are a network of nerve fibers that traverse multiple ganglia with interconnecting
neurons, including SNS and PSNS motor neurons (Kahn, Lip, & Shantsila, 2019;
Stavrakis et al., 2015; Stavrakis et al., 2020). The SNS prepares the body to escape from
a stressful situation by increasing the heart rate and slowing gastrointestinal (GI) motility,
allowing the largest volume of nutrient-rich blood to feed the organs needed to counteract
these stressors. On the contrary, the PSNS slows the heart rate and increases GI motility,
allowing the body to regain a sense of calm. Everyday stressors and anxiety activate
these two arms of the ANS multiple times a day and occasionally the ability to down-
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regulate the SNS and up-regulate the PSNS prompts arrhythmias. A subtle balance is
needed to achieve freedom from the arrhythmia (Linz, et al., 2014; Manolis et al., 2021;
Sharifov et al., 2004).
Continuing the quest to diminish mortality in AF, new treatment outlets have
arisen by linking the cardiac and neural systems. Utilizing Dr. Michel Haïssaguerre’s
association of the rapid focal firing of the PV with the onset and maintenance of AF,
Stavrakis et al., (2015), reviewed data supporting the roles the ANS plays in initiation of
AF, concluding that the intrinsic CANS provide both a substrate and trigger for AF. This
therefore supports the data that ablation of the GP surrounding the PV with pulmonary
vein isolation (PVI) is a crucial role in reducing AF. It is here that altering the ANS
holds promise for future noninvasive treatments, such as low-level vagal stimulators
(LLVNS) previously explored in diseases such as epilepsy (Ben-Menachem, 2002).
Modifying the common risk factors, such as HTN, SA, obesity, and anxiety, had
been shown to alter multiple diseases. The association AF has with these medical
problems can be seen in the neuro-regulation of the heart. The ANS has been linked to
AF through changes in heart rate variability (HRV) and vagal stimulation by narrowing
the action potential, which is the change in voltage across the membrane of the heart cells
(Lee, Sahadevan, Khrestian, Durand, & Waldo, 2012). The ANS can be both pro- and
anti-arrhythmic through either the SNS and or the PSNS. Excessive exercise has been
shown to stimulate AF through the SNS through atrial stretch and structural changes, like
HTN. The PSNS can ignite AF in young athletes without structural heart disease through
vagal stimulation and increase in parasympathetic tone at night due to asthma (Linz,
Ukena, Mahfoud, Neuberger, & Böhm 2014).
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Similar findings were seen in the TREAT AF (Transcutaneous Electrical Vagus
Nerve Stimulation to Suppress Atrial Fibrillation) study. This prospective double-blind,
sham-controlled (for device trials; this is analogous to placebo) randomized clinical trial
enrolled 53 patients from May 2016 to May 2018, to determine the effect of low-level
tragus stimulation (LLTS) in adult men and women with paroxysmal AF. The treatment
group received an ear clip that was attached to the tragus (n=26), while the sham control
group (n=27) attached an ear clip to the ear lobe. Twenty hertz (Hz), one milliamp (ma)
below the discomfort level, was delivered for one hour daily for six months to the
treatment group. Continuous EKG monitoring at baseline, three months, and six months,
were recorded over two weeks. A quick EKG to measure HRV, and a blood draw to
measure serum inflammatory cytokines were obtained at each visit. The results showed
LLTS developed a lower AF burden, a decrease in inflammatory markers, and favorable
changes to HRV.
The sham-controlled group saw an increase in AF burden from baseline (1.0%) to
three and six months (3.0% and 8.5% respectively with a ration of median of 0.25; 95%
CI:0.08-0.77; p=0.016). While the mechanism was not identified, it was hypothesized
that neural remodeling and central vagal projections in the brain that lasted well after
discontinuing active stimulation (suggesting a memory effect) were the cause of the
reduction. What is unknown is if the cardiac autonomic ganglia, the brain, or perhaps
both areas, suppressed the arrhythmia with LLTS (Stavrakis et al., 2020). Despite this
promising information in autonomic modulation, the effective dose of stimulation of the
tragus is yet to be determined (Sohinki, & Stavrakis, 2019).
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Recent data has looked at autonomic neuromodulation through renal artery
denervation, auricular acupressure, and yoga, to decrease the recurrence of AF (Chen et
al., 2015; Lakkireddy et al., 2013; Locker et al., 2021; Stavrakis et al., 2020; Yu et al.,
2017). To determine the safety and efficacy on alternative forms of treatment for AF,
identifying a noninvasive treatment for AF, such as yoga, would impact public health
immensely. A single EP center in Kansas, led by Dr. Dhanunjaya Lakkireddy, designed a
prospective pre-post cohort study to investigate the effect yoga had on AF burden, QOL,
depression and anxiety scores. A mixture of adult men and women with paroxysmal AF
(n=52) were enrolled with 49 participants completing the study. Twice weekly, the
participants engaged in 60-minute yoga practice for three months independently.
The Zung SAS questionnaires were administered at baseline and before and after
each yoga exercise to evaluate anxiety scores. The group found a reduction in anxiety
and depression scores with reduced symptoms of AF in the yoga treatment group (p<
0.001) and a significant reduction in HR, BP, and AF burden in the yoga treatment group
(p< 0.001). Noting the reduction in Zung SAS scores associated with the reduction in
AF, Lakkireddy et al., (2013) encouraged future studies to identify anxiety and reduce
AF. Utilizing the Zung SAS in an AF clinic to associate anxiety with AF would allow
patient and provider discussion of noninvasive treatments like yoga for AF.
Zung Self-Rating Anxiety Scale
Dr. William Zung assembled a list of criteria based on commonly found
characteristics in a literature review of multiple journals and the Diagnostic and
Statistical Manual, Second Edition (DSM-II). In his quest, he sought to separate anxiety
from depression in a formalized rating scale, quantifying the symptoms using brief,
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straightforward questions (Zung, 1971). Dr. Zung envisioned the questionnaire in two
formats: one for the patient (SAS) and one for the provider (ASI). To validate his SAS
and ASI scales, Dr. Zung evaluated a combination of 225 new adult patients admitted to
the psychiatric inpatient service (those admitted for 15 consecutive months) and
outpatient psychiatric clinic (those in treatment for four consecutive months). The first
group (n=152 inpatient, n= 73 outpatients) carried a psychiatric diagnosis. The control
group did not have a psychiatric diagnosis (n=100). Analysis of variance indicated the
SAS questionnaire demonstrated a significant difference in anxiety disorders (p=<0.05),
when compared to the groups consisting of anxiety disorders, schizophrenia, depressive
and personality disorder, and transient situational disturbances. Dr. Zung noted the ASI,
obtained by providers for anxiety, was significantly higher (p=<0.05) when compared to
the other four groups (Zung, 1971).
Administering the Zung SAS to patients with AF will help them gain insight into
a potential trigger of AF. Utilizing shared decision making, the provider will review the
results of the SAS with the patient, allowing both the provider and individual to ask and
answer questions on the association of AF and anxiety. Once an association is realized,
utilizing treatments that allow self-control of anxiety will change the HRV, thereby
decreasing autonomic modulation of AF. Mindfulness and deep breathing exercise calm
HRV, thereby reducing the recurrence of AF.
Anxiety and AF
Developing interest in AF as a modifiable condition continues to draw research
into treatments that modulate the neurotransmitters of the CANS. Risk factors such as
HTN, alcohol consumption, and SA also receive increased consideration. In contrast,
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psychological aspects such as anxiety and depression gain little consideration. AF
literature points to anxiety as a trigger and anxiety literature points to AF as a trigger
(Severino, 2018). It is the perpetual chicken and the egg. In a large prospective Swedish
population-based study, Fransson, Nordin, Magnusson-Hanson, and Westerlund (2018)
showed that job strain was related to a 50% added risk of AF with a hazard ratio of 1.48
(95% CI, 1.00-2.18). Job strain was identified as the stress of working long hours and the
stress of the job.
In contrast, a large community-based study in Norway (the third, Nord-Trødelag
Health), or HUNT3 study (Feng et al., 2020), demonstrated no evidence to support the
association of AF and anxiety. During the 8.1 years of follow-up, 1,433 (3.8%) of the
37,402 participants developed AF, while 35,969 (96.2%), were free from AF. These
studies looked at causes of AF in general, utilizing two different formats for anxiety
testing (The Swedish demand-control questionnaire, and the Norwegian version of the
hospital anxiety and depression scale (HADS). With varying tools to test for anxiety
alone or in combination with depression, the need arises for a consensus in both the
clinical and research world for anxiety tools. A review by Ladwig, Goette, Atasoy, &
Johar (2020) found 34 different measurement tools for health related QOL and studies
looking at anxiety tools.
Many studies look at anxiety as it relates to certain situations. This is also true for
AF. Eaker, Sullivan, Kelly-Hayes, D’Agostino, & Benjamin (2005), observed in the FOS
that anxiety existed as a threat of mortality in men and women. The study enlisted 3,682
participants who were the offspring and spouses of the original FHS participants,
establishing the FOS. In the FOS, a 10-year prospective longitudinal community-based

27
cohort was evaluated at their local physician office for risk factors associated with CHD
and anxiety. Prior to the third examination, subjects were mailed psychosocial
questionnaires. These were collected at the appointment with a 95% return rate. The
unique scales that were reliable and valid from the FHS were used again in the FOS to
measure tension and anxiety. The findings suggested that tension, described as tense
moods, was an independent risk factor for CHD, AF, and total mortality in men
(p=0.0001), but not in women (p=0.6881). Incident AF was seen with increased
symptoms of anxiety only in men (RR = 1.16; 95% CI, 1.01-1.33. Anxiety in both men
and women demonstrated increased mortality (RR = 1.22; 95% CI, 1.08-1.38; RR = 1.27;
95% CI, 1.05-1.55). This data was later reexamined and supported by Vinter et al.
(2020).
While there continues to be a correlation between AF and anxiety, the exact
nature of the association eludes researchers. The correlation could have more to do with
physiology than psychology, circling back to the ANS and its propensity to trigger AF, as
triggers are meant to happen without warning. Data supporting triggers that set off
paranoia in soldiers who have returned from battle have long been discussed, but until
recently treatments have been minimal (Bryan, Hogan, Lindsay & Ecker, 2020). AF and
anxiety can also appear without warning in most individuals. Possibly, a
pathophysiological process stimulates anxiety that then perpetuates AF.
Severino et al. (2019), authored a review looking at the prospect of anxiety
igniting AF. This review suggested an association between low-grade systemic
inflammation, anxiety, and the onset of AF. Their understanding of the data suggests
addressing anxiety at a systemic level to increase the understanding of clinical strategies
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for the management of AF and decrease the incidence of this disease. This study pointed
to increased levels of inflammatory markers, such as C-reactive protein (CRP), that are
seen in anxiety and in AF. Elevated levels of CRP have been demonstrated in patients’
post-coronary artery bypass grafting (CABG) with postoperative AF (POAF). The study
population was divided into sections of the highest and lowest CRP. Significant rises in
CRP were seen in both groups, 24.5% and 35.1% respectively (p<0.0001). The highest
group was older and male (67 y/o, 84.7% male), compared to the lowest group (64y/o,
77.9% male). While women were part of this study, greater odds of acquiring POAF
were seen in the highest CRP levels, adjusted analysis (OR 1.31; 95% CI 1.12-1.54). The
demographics of this study demonstrated an increased prevalence of HTN, DM, HF, and
renal disease associated with the highest CRP group. This suggested that the
environment was ripe to create a sympathetic overdrive, resulting in POAF (Olsen et al.,
2020). Understanding the mechanisms of inflammation that provoke both AF and
anxiety and connecting those mechanisms through the ANS could lead to treatments that
modify both AF and anxiety.
The association between AF and anxiety has been linked through the ANS where
the role of the CANS has been demonstrated with the onset of AF. The explosion of the
SNS has been associated with anxiety onset. Both the CANS and SNS function under the
ANS. More studies are needed in ANS, specifically the CANS activation of AF and
anxiety. Medications and therapeutic intervention, both invasive and noninvasive, can
alter the course of the AF epidemic. First, the connection between the CANS, AF, and
anxiety needs to be understood. Genetics could also play a role, as CHD has been shown
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to affect familial individuals differently. Understanding the biology of the CANS and the
connection to AF and anxiety will encourage new paths of care.
Christ et al. (2013), looked at biomarkers such as serotonin, and catecholamines
such as adrenalin, that frequently stimulate the atrial trabeculae, prompting AF. While
Bandelow et al. (2017), suggests these same biomarkers are elevated in anxiety, Kahn,
Veras, Nardi, and Curtis (2019), postulated that panic disorder (PD), a subset of anxiety,
may be an additional risk factor for AF. Kahn, Veras, Nardi, and Curtis (2019), reviewed
charts from psychiatric outpatients from the USA and Brazil, looking at PD and anxiety
outcomes when treated with clonazepam. The authors discovered that those with
preexisting AF after clonazepam treatment no longer had AF during this study.
Reviewing only the charts of PD, AF, and treatment with clonazepam, 11 patients were
identified (8 Brazilian, 3 American, 9 male, 3 female). The average age for PD was 22.5
±6.6 years old and the average age for AF onset was 41.5 ±12.9 years old. Coinciding
AF and PD was identified in 8 of the 11 participants. However, this study did not
identify if the eight were American or Brazilian. Kahn, Veras, Nardi, and Curtis
concluded that in this small study PD preceded the onset of AF by a decade or more (age
of AF onset 41.5 ±12.9 years old and 22.5 ±6.6 for PD), suggesting that AF was a
response to PD, even though AF episodes could appear synchronized to PD symptoms.
They hypothesized that PD and AF have a common pathway, modulated by sympathetic
tone, or another autonomic function, such as HRV. HRV has long been associated with
arrhythmias of the heart and is another function of the CANS (Kahn et al., 2021).
HRV is the physiological variation between each heartbeat, measured in
milliseconds (ms). The ms between individual heartbeats varies for a variety of reasons,

30
including taking a slow deep breath to hyperventilating (Kahn et al., 2021). Poor HRV
has been seen in chronic disease, such as HTN and Duchenne Muscular Dystrophy
(Alvarez et al., 2017). HRV is a method used to quantify action and stability in the SNS
and the PSNS. Understanding how HRV is associated with HTN, SA, and AF can alter
the outcome of AF recurrence.
Alvares, Quintana, Hickie, & Guastella (2014), performed a systematic review
and meta-analysis to determine if HRV is reduced in subjects with a psychiatric disorder
compared to controls. They also sought to determine if HRV was reduced by
psychotropic medications. They looked at two categories of studies. The first category
reviewed were case control studies that compared healthy groups to psychiatric groups
and looked at HRV. The second category reviewed were study groups that were doubleblind, single-blind, or open label that compared HRV to psychotropic medications with
pre- and post-treatments. The findings showed reduced HRV across psychiatric disorders
(p<0.001). This study proposed a reduction in HRV may be an accepted treatment for
cardiovascular disease.
Continued studies delve into treatments for AF and anxiety. Understanding the
association one has with the other allows for treatments that calm the anxiety of AF.
Sheng-bo et al. (2012), looked at 164 men and women with persistent AF. They
postulated that anxiety and depression would increase the incidence of AF after
circumferential pulmonary vein ablation (CPVA). Of the 164 participants, 43 had CPVA
and 121 accepted antiarrhythmic drugs (AAD). The study administered the Zung SAS at
presentation into the hospital and 12 months after treatment. Anxiety scores were found
to decrease at 12 months in the CPVA arm. However, there were 17 relapses of AF. The

31
multivariate logistic regression analysis showed anxiety scores were independent risk
factors for AF recurrence after CPVA, once again showing a reduction in symptoms,
even with the recurrence of AF. Possibly the ablative GP around the PV diminishes the
trigger for anxiety. More research is needed in this area to hold this information true.
Calm App
COVID-19 provided reflection on areas of mental health that continue to affect
everyday life. Tools such as mindfulness apps allowed individuals while isolated to
reach out to peers. Individuals also learned techniques such as deep breathing and yoga
and experimented with how these tools affected individual mental health. There is
increasing evidence supporting the use of these tools and reduction in anxiety scores.
There is limited data in the efficacy of these tools in managing anxiety associated with
AF.
Grasping the practice of mindfulness relies on interest, support, versatility, and
diversity (Wielgosz, Goldberg, Kral, Dunne, & Davidson, 2019). In this era of mobile
communication, positive and negative outcomes are readily available. The market on
apps that transition negative and positive thoughts is expanding. The claims of mental
health apps to decrease anxiety have opened doors to new research. However, the
effectiveness of supporting these claims remains uncertain.
A meta-analysis suggested that treatments for anxiety via smartphones produced
effective results in patients. Smartphone apps for the treatment of anxiety have recently
burst onto the markets with mental health apps among the highest used (Kazidin, 2017).
Wasil, Venturo-Conerly, Shingleton, and Weisz (2019), reviewed popular mental health
apps (MH apps) for evidenced-based content. Comparing supported psychotherapy
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protocols to the apps, the study found these apps lacked several core treatments found in
evidence-based guidelines for anxiety and depression, such as problem solving, cognitive
restructuring, and behavioral initiation. The outcome of this study suggests needed
research on a larger scale, including anxiety and depression. In a convergent parallel
mixed-method design study, 269 students from a Scottish university were asked to use
the Calm app for seven days. The results showed an increase in daily app use
demonstrated significant gains in wellbeing (p=<.001) (Clarke & Draper, 2020). The
study supported the use of the Calm app for self-help, but warned of negative experiences
with using the app. The study also showed that participants who dropped out before
completion reported lower levels of trait mindfulness, wellbeing, and self-efficacy than
those who completed the study. This suggests that those with low levels of wellbeing
were not able to meditate through their anxiety and negative thoughts. While this is fruit
for future studies, the study did show that intermittent mindfulness practice is widely
used and works for most individuals (Clarke & Draper, 2020). The Calm app is easy to
use and supports this data and has not yet been studied in patients with AF with anxiety
as a trigger.
Mindfulness practices have been around for centuries. Professor Jon Kabat-Zin
initially introduced the methods of Buddhist practice, incorporating programs that
reduced stress through mindfulness techniques (Tirch, Siberstein, & Kolts, 2015). There
is growing evidence supporting digital mindfulness-based interventions (MBI) for a
variety of approaches, such as exercise, communication, and treatment of anxiety
(Vøllestad, Nielsen, & Nielsen, 2012). A meta-analysis of randomized controlled trials
(RCTs) looked at MH apps as the main intervention to enhance mental-health outcomes
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(Gaʹl, Stefan, & Cristea, 2020). The analysis included 34 RCTs, with a diverse
population of subjects and variable sample size. Commercially available apps were used
and identified in 13 of the 34 RCTs. The most common ones were Calm, which was
found in four of the RCTs, and Headspace, which was found in 16 of the RCTs. In all the
RCTs, the participants were instructed to use the app once a day. The most common
assessed mental health outcomes were anxiety (n=15), depression (n=15), QOL (n=5),
and life satisfaction (n=4). Significant effect was found in anxiety at posttest (n=15;
g=0.28, 95% CI [0.16, 0.40]). Nonsignificant effects were seen when the app was
compared to an actual psychological visit (n=4; g=.26, 95% CI [-0.00, 0.52]). While
these findings support the use of electronic mindfulness apps for improving mental
health, this study looked at various MH apps and psychological issues.
Due to the small data group, larger randomized trials were suggested to extend
these apps as treatment tools. There was little data found that looked at certain medical
conditions such as AF, anxiety, and the use of these apps. Mental health issues,
specifically anxiety, continue to rise with very little resources available to counteract this
escalation. Anxieties trigger AF’s tap dancing on the chest wall, encouraging a path of
understanding of these physiological and psychological disorders. Treatments such as
MH apps are a promising way to alleviate symptoms of AF or anxiety.
AF is a common irregularity of the hearts electrical system with little consensus
of the mechanisms that trigger it. Effective treatments such as medications and CA have
been found to lessen symptoms, but not completely obliterate the recurrence of AF. Men
have a 17-26% lifetime risk of developing AF, with women demonstrating a 21-23% risk
(Lloyd-Jones et al., 2004). Guo et al., (2017), investigated the support mobile technology
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afforded AF management. This prospective randomized trial designed a specific tool, the
mobile AF (mAF), that utilized details from personal health records, CVA and bleeding
risk (CHA2DS2-VASc and HAS-BLED), and the SAMe-TT2R2 score to aide in warfarin
control, patient education, involvement, and self-care items with structured follow-up.
Randomization of 209 participants were placed in the treatment arm that used mAF, or
the control arm that used usual care with provider education. The treatment arm
consisted of 113 patients at one month, and 71 patients after 90 days. The control arm
enrolled 96 patients at one month and 96 at 90 days. The mAF app was found to be user
friendly by 90% of the cohort with good feedback from the providers. There was also a
significant improvement in knowledge of the mAF app (p<0.05). Observation of
increased knowledge was not seen in the usual care arm. QOL was significantly
increased with the mAF app when compared to usual care (p<0.05). When comparing
usual care to the mAF app’s use for anxiety, a significant difference was seen over time
(p<0.05).
This pilot study, while small, demonstrated a positive and effective use of the
mAF app for those diagnosed with AF. This study concluded that patient involvement
and better understanding of AF promoted self-satisfaction in individual treatment paths,
allowing the provider and the patient to discuss these findings effectively. There are
many available apps for purchase and a few that are free. However, this is a rising area
of medical knowledge that may leave the consumer satisfied or confused. With shorter
times for medical visits, providers are witnessing a knowledge gap amongst the medical
community and consumers in the use and usefulness of these tools. While they are free,
the use of these apps in cardiovascular medicine continues to be scarce.
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Looking at the evidence, Wasil et al., (2020), chose to evaluate the distribution of
evidenced-based content of 27 popular smartphone apps for depression and anxiety.
They found that Calm and Headspace accounted for 90% of usage. A large variation was
seen between unadjusted and user-adjusted analysis. With 96% of total monthly users,
mindfulness was seen on 37% of the apps used. Introduction to various apps were
present in 7%, but mindfulness was reviewed by only 0.0004%. The authors concluded
that the hope of this research is to encourage further studies looking at separating this
usage data and specific mental health disorders. Incorporating the symptoms of AF into
this would build on the data of anxiety triggering AF and the use of mobile apps as
treatment. Luberto et al., (2021), reviewed the Calm smartphone apps usage among
diagnosed CHD. Implementing a secondary analysis of cross-sectional survey from
1,521 Calm subscribers, they found that 67% of users used Calm five times per week, and
users who carried a combined diagnosis of anxiety and CHD showed a significant
increase in use (p<0.05), compared to CHD only (77% vs. 37%). The significant changes
reported were in sleep, stress, physical and mental health, and seen more predominantly
in anxiety and depression (p<0.001). This study didn’t look at individual aspects of
CHD, such as HTN, DM, or AF. The authors concluded that randomized control trials
were needed to evaluate the efficacy of the Calm app for people with CHD.
The Calm app holds promise for future treatment paths in AF. The ability to
individualize the components of the app, specific to AF or anxiety, is promising. There is
still uncertainty in the efficacy of its use in treating triggers of AF, such as anxiety.
Implementing a tool such as Calm would allow the provider and patient to create a care
path specifically for the uncertainty in AF.
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Summary
There is increasing data surrounding HTN, HF, and obesity with AF. However,
there is limited data correlating anxiety to AF. Severino et al. (2019), noted that while
anxiety increases the risk of sudden cardiac death (SCD) by 48% and CHD by 26%, the
position of anxiety disorders in association with AF is not well understood.
Traditionally, anxiety has been considered a consequence of AF. However, Patel et al.,
(2013), noted “depression and anxiety may create an environment conducive for the
initiation and perpetuation of AF” (p. 9). This is echoed by Suzuki & Kasanuki, (2004),
noting that AF can trigger anxiety and anxiety can trigger AF. Emergent data points to
treatment of anxiety as a significant innovation in the treatment of AF (Oser, et al., 2019).
Education, leading to an awareness of symptoms associated with AF’s pitter
patter of the chest wall and aligning with triggers, such as poor sleep, alcohol intake, or
anxiety, can foster a path to awareness and opportunity for self-control of AF.
Incorporating non-pharmacological interventions such as yoga, meditation, and LLVNS
will shrink the financial burden of AF (Patel et al., 2013). This DNP project will look at
the Seven Days of Calm (Calm.com) meditations, which focuses on deep breathing
exercises to see if the use of the Calm app can reduce the burden of anxiety and foster
self-control of AF recurrence.
Theoretical Framework
The theoretical framework used for this DNP project was Mishel’s uncertainty in
illness theory (Mishel, 1988). Mishel’s uncertainty in illness theory focuses on patient’s
intellectual interpretation of illness connected stimuli. Mishel’s theory proposes three
themes: the antecedent of uncertainty, the process of uncertainty appraisal, and coping
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with uncertainty. Drawing on Sister Callista Roy’s grand theory of adaptation (Roy,
1988), this middle-range nursing theory utilizes measured research to illustrate the
cognitive process individuals use to formulate an opinion regarding their disease (Mishel,
1981). This opinion, or appraisal, can lead to danger or opportunity. It is through this
appraisal that coping mechanisms are identified and adaptation can begin.
The UIT has been used in various research, examining the consideration of
uncertainty in illness prompting opportunity or danger. The model of uncertainty was
used in a study of 131 women with gynecological cancer. Mishel and Sorenson (1991),
found that uncertainty aligned the treatment path as dangerous. The women who
perceived less uncertainty due to education identified the treatment as an opportunity.
This study identified uncertainty when viewed as opportunity implored problem solving,
leading to a change in the character of the illness.
The effect uncertainty plays on psychosocial stress has been exhibited in many
studies. Lazarus & Folkman (1984) found increased family hardships with negatively
apprised uncertainty. There were more psychological conflicts seen in illness when
uncertainty was conflicting (McCain & Cella, 1995), and QOL, anxiety, and diminished
health status were seen in uncertainty in illness (Carroll, Hamilton, & McGovern, 1999;
McCormick et al., 2006). Much of this data underlines the negative aspect of UIT. Kang
(2011) enrolled 81 participants through an outpatient cardiology and anticoagulation
clinic in the US. Her intent was to determine the role of health locus of control (personal
perception that beliefs or other forces determine one’s health or health outcomes)
utilizing the UIT among AF patients. A linear regression analysis with danger and
opportunity as the variables was used. Danger was significantly associated with
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uncertainty (p<0.0001), but opportunity was not significant when evaluated for
opportunity (p=.35). Kang (2009) concluded that opportunities for nursing education and
awareness would alter the uncertainty perception.
Building on these findings, Kang (2010), enrolled 109 Korean individuals,
recruited through three university settings in South Korea. Those with more psychosocial
support significantly demonstrated opportunity appraisal (p<0.05), and those with
increased frequency in symptoms significantly demonstrated elevations in uncertainty
(p<0.01). A secondary finding showed a significant difference in providers and
individual perception of uncertainty (p<0.01). This data suggests that understanding
individual perceptions of social and psychological status were important factors for
providers to consider with AF treatments.
Uncertainty can be seen in AF as it starts as paroxysmal or coming and going
without perceived warning. This progressive disease of AF then becomes persistent,
where the symptoms are constant, possibly still without perceived warning. An
individual’s symptoms of palpitations, SOB, and anxiety cannot be related to an event or
illness. It is here that the cognitive schema is formed. Individuals interpret these
symptoms negatively and rush to the hospital for diagnosis and treatment. In paroxysmal
AF, these symptoms can vanish as quickly as they appeared. In the ED, the structure
encourages providers to share testing results and monitor findings. However, it is here
that education takes place, and if the individual cognitive capacity is not overloaded, the
three components of stimuli frame can be introduced. Stimuli frame is the main
precursor or stimulus perceived by the patient. The three components are symptom
pattern, event familiarity, and event congruence. Symptom pattern is the first, such as
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monitoring the racing heartbeat that occurs when excited, but does not calm down when
resting. Event familiarity is the second, where the disappearance of symptoms and
negative test each time an ED visit is made is noted. The habit of going to the ED can be
both reassuring and discouraging. The final element is event congruence. This allows
the individual to identify the expected SOB with palpitations and regular visits to the ED.
The use of the UIT would foster opportunity.
Utilizing structured providers such as nurse practitioners (NP) to correlate
symptoms of AF with anxiety (Zung SAS) and the habitual drive to the ED can lead the
patient to event congruence, which can change the perceived danger in uncertainty to
opportunity with coping strategies that calm the chaos of AF. While the inference of
danger is always lurking, especially if the education comes from questionable sources,
the structured provider can always repeat this process, thereby establishing a sense of
trust. Particularly in AF, uncertainty can lead to effective coping or chaos. Repeated use
of the UIT in AF and other disease will continue to test the theory, allowing for theory to
become practice.
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Chapter Three
Introduction
The purpose of this DNP project is to determine if the use of the Calm app will
decrease anxiety scores in adult men and women, ages 30-90 years old with AF. The
secondary purpose was to determine if the reduction in anxiety scores reduced ED visits.
Sample and Setting
Inclusion criteria involved adult men and women who were either established or
newly diagnosed AF patients at a rural Midwestern electrophysiology center. The
participants needed to own and have knowledgeable use of a mobile or lap/tabletop
electronic device. For this DNP project, English was the preferred language as the Zung
SAS and Calm app were written and presented in the English language. The sample of
this DNP project was based on the standard number of 10 arrhythmia patients seen in a
day with an average of 44 AF patients seen in one week. The population of 44 was added
with CI of 95% and a 5% margin of error to a sample size calculator (flexmr.net/samplesize-calculator). To obtain an adequate power for this study, a minimum of 40
participants were needed. Forty-seven participants were randomly assigned to the control
or the treatment arm of this DNP project.
IRB Approval Process
An expedited level of approval was obtained from the Institutional Review Board
(IRB) at the hospital. Approval was received for both the study and the consent form
(see Appendix D). Data were collected from September 1, 2020, until December 31,
2020. Participation in the study was voluntary. Consent was obtained prior to the study
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using a consent form created by this student researcher (See Appendix D). IRB from the
University was not needed.
Design and Procedures
Prior to implementation of this DNP project, the research question, design, and
process in the clinic was discussed with the supervisory electrophysiologist. This DNP
project was an experimental randomized controlled trial. Utilizing a spread sheet
prepared by the statistician (see Appendix E), the participants were placed in order upon
enrollment from 1-54. This spreadsheet had a column for the patient’s ID (identification)
and their assignments with the control group labeled with a C and the treatment group
labeled with a T. The next columns consisted of pre- and post-Zung SAS and yes or no
for use of the Calm app and ED visits separately.
Participants who met the inclusion criteria were approached by this student
researcher during a planned appointment and asked to participate in the study. Prior to
signing the consent form, the participants received information regarding the description
and the associated risk and benefits of the study. Once approval was obtained, the
participants were asked to answer the Zung SAS. The participants were then guided to
the Calm app on their electronic device. A step-by-step instruction sheet on how to
download the Calm app to an electronic device was part of the participants’ packets for
those with home-based electronic devices. They were directed to the free Seven Days of
Calm meditation. The participants in the treatment group were asked to use the Calm app
if they felt anxious or in need of going to the ED.
Both groups were educated on etiology, implications, and treatments of AF with
face-to-face discussion by this student researcher according to the 2014 AF guidelines
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(January, et al., 2014). After one month, the participants were mailed the Zung SAS with
a return envelope to this student researcher. They were identified by the assignment
number and birthday. Those in the treatment group were asked if they used the Calm app
and if they went to the ED with either yes or no answers. Those in the control group
were asked if they went to the ED, again with either yes or no answers. The post-study
Zung SAS and the post-study questions on ED visit and use of Calm were sent back
within a month of receiving them. Four people had to be reminded to turn these in by a
telephone call.
Measures
The Zung SAS was utilized to quantify an anxiety score (Zung, 1971).
Permission was requested from multiple websites. This student researcher was never
contacted, but was able to find a similar request stating the permission was not needed, as
Dr. Zung had passed away (see Appendix A). The Zung SAS is a tool created by Dr.
William W. K. Zung (1971), that quantifies a patient’s anxiety level. This 20-question,
self-administered test allows the patient to rate their anxiety. This test is worded so that
15 questions demonstrate increasing anxiety and five questions demonstrate decreasing
anxiety. The Zung SAS is a Likert scale and is devised of four attitudes that are rated
from little to most of the time. The participants simply check the appropriate answer.
The scores range anxiety levels from 20-80. A normal anxiety level ranges from 20-44,
while mild-to-moderate anxiety ranges from 45-59. Marked-to-severe anxiety levels
range from 60-74 and extreme anxiety levels range from 75-80. The Zung SAS was
found to have acceptable psychometric properties. Using a Cronbach’s alpha, the internal
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consistency was .82 with a validity of .30 with the Taylor Manifest Anxiety Scale
(Dunstan & Scott, 2020).
Data Analysis
A statistician was utilized for this DNP project and the following software was
used: R, Tidy verse, and Xtable. The Calm app data was combined with the assignment
variable producing the treatment app variable. The three groups of this variable included
control, treatment no app (instructed to use the app; chose not to use the app), and
treatment with app. A t-test was used to look at the difference between these three
groups. To test for a decrease in the mean Zung self-rating anxiety score, a multiple
linear regression and t-test were used to compare the treatment app variable and gender.
The t-test looked at the difference in SAS values (post-SAS and pre-SAS).
To test the impact the Calm app had on admissions to EDs for AF, a generalized
linear model (GLM) was used, specifically a logistic regression. This allowed the study
to test for the presence of an effect, as well as estimating individual effects. Finally,
Fisher’s Exact Test was used to analyze the effect of group assignment on the rates of ED
visits. Using the Fisher’s Exact allowed the study to test the independence of one
categorical variable from another. This data was kept in a locked drawer in the office of
this student researcher and secured on an encrypted fob. The data will be shredded
within seven years of the data accumulation.
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Chapter Four
Introduction
The purpose of this DNP project was to evaluate the effectiveness of the Calm
app in decreasing both self-rated anxiety scores and ED visits for AF. The intent of the
statistical analysis was to compare the differences in Zung SAS between AF individuals
that used the Calm app and AF individuals that did not use the app. After four months of
data collection from a rural Midwestern EP clinic comparing ED visits for AF with those
that used the Calm app and those that did not use the app, the results from this DNP
project can be reviewed below.
At the conclusion of the DNP project, surveys were analyzed using measures of
Fisher’s exact to investigate ED visits. To test the effects of being in the treatment or
control group and the differences in the pre- and post-Zung SAS, the t-test was used. To
accentuate the results of the DNP project, tables and data plot figures were used
throughout the results section. In an extensive review of literature, studies using the
Calm app for AF and anxiety and ED visits were not seen. There are currently studies
linking AF to anxiety/depression and anxiety/depression to AF (Severino et al., 2018),
with little agreement on treatments. This DNP project separated anxiety from depression
and focused on triggering and calming anxiety through manipulation of the ANS.
Demographic and Descriptive Statistics
This study was carried out during COVID-19 with changes to the EP clinic
allowing individuals to choose to be seen in person or via telephone. Regardless of inperson or telephone visits, all participants were invited to the study. Table 1 shows the
distribution of participants (n=54), who were recruited and randomly assigned to control
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(n=24), and treatment (n=23). Two patients declined participation after reading over the
instructions at home and five were lost to follow-up, making a definitive sample size of
47. It was discovered that nine of the participants in the treatment group chose not to use
the app. One participant had internet difficulty at home, while the other eight cited
feeling great and not thinking they needed the app. The treatment group was further
divided to treatment with use of app (TY, n= 15) and treatment no app use (TN, n= 9).
All participants were educated on implications, etiology, and treatment options of AF, per
the HRSA 2014 AF guidelines (January et al., 2014). Both treatment groups were
additionally instructed and demonstrated on use of the Calm app with their smart phones.
Table 1 shows an even distribution of male (n=14) and female (n=10) in the
control group and the treatment group regardless of Calm app use or not (n=11 & n=12),
respectively. Male participation was greater than female participation with 25 males
(53%) and 22 females (47%). The average age of the participants was 70.5 years (±9.03).
The majority of the participants were 61-70 years of age (n=22). The fewest participants
were in the 40-50 age group (n=2). As shown in Table 1, the 71-90 y/o were not opposed
to using an electronic device. This information is pertinent, as AF is a progressing
disorder with paroxysms initially seen in the younger population continuing into the older
population as persistent (Perez et al., 2019). Including the older populations in mobile
technology may be beneficial in the treatment of AF.
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Table 1
Age of Participants
Age in

Number of

Male

Female

Treatment Control

Treatment

Years

Participants

Y

N

40-50

2

0

2

1

1

0

51-60

4

2

2

0

2

2

61-70

22

12

10

8

11

3

71-80

14

10

4

5

5

4

81-90

5

1

4

0

5

0

Note. Treatment Y = participants in the treatment group that used the app. Treatment N
= participants in the treatment group that choose not to use the Calm app.
The Zung SAS was completed individually upon enrollment and conclusion of the
study. Those participants with telephone appointments were mailed the pre-Zung SAS
upon enrollment with follow-up phone calls to review the instructions. The in-person
visits were not separated from the phone visits. The post-Zung SAS were performed at
one month in a similar fashion. As shown in Table 2, the treatment N group (n=9) saw
the greatest decrease in Zung SAS (-3.67, ±6.71). The 14 participants in treatment Y saw
a decrease of 1.50 (±4.05) in the Zung SAS. The control group saw a mean decrease in
Zung SAS of 3.54 (±7.41). In summary, the nine individuals that were assigned to the
treatment group, but choose not to use the app, saw a larger decrease in Zung SAS. It is
important to point out, that all three groups decreased their Zung SAS.
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Table 2
Summary of Differences in Zung SAS by Treatment-App Group
Treatment

N

Mean

SD

Median

IQR

App
Control-N

24

-3.54

7.41

-3.00

7.50

Treatment-

9

-3.67

6.71

-4.00

8.00

14

-1.50

4.05

-0.50

2.00

N
TreatmentY
Note. SD=Standard Deviation. IQR=Inter Quartile Range

Table 3 shows a lower median difference in Zung SAS in women when compared
to the men. Men did not demonstrate a median reduction in Zung SAS and demonstrated
very little mean reduction.
As shown in Table 4, the differences in Zung SAS values by control or treatment
Y and treatment N demonstrate a mean decrease in Zung SAS in both genders in the
control group with the female gender group exhibiting a larger reduction. Table 4 further
separates treatment groups with use of Calm app from no use. The female treatment-N
group showed a greater decrease in Zung SAS compared to treatment-Y. Regardless of
use of the Calm app or no use of the Calm app, men saw a mean increase in Zung SAS.
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Table 3
Differences in Zung SAS by Gender
Gender

N

Mean

SD

Median

IQR

F

22

-5.23

7.35

-4.00

5.75

M

25

-0.96

4.70

0.00

4.00

Note. Males demonstrated no median reduction in Zung SAS.

Table 4
Differences in Treatment App Groups and Gender
Treatment- Gender

N

Mean

SD

Median

IQR

app
Control-N

F

10

-4.70

9.78

-5.00

8.00

Control-N

M

14

-2.71

5.41

-2.50

6.25

Treatment-

F

6

-7.33

4.63

-6.50

3.25

M

3

3.67

2.31

5.00

2.00

F

6

-4.00

5.10

-2.50

2.50

M

8

0.38

1.60

0.00

1.50

N
TreatmentN
TreatmentY
TreatmentY
Note. IQR=interquartile range
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Table 5 shows the difference in Zung SAS by group assignment. Both treatmentY and the treatment-N saw a decrease in Zung SAS scores with the control group
demonstrating the largest decrease in Zung SAS scores.
Table 5
Differences in Zung SAS scores by Group Assignment
Assignments

N

Mean

SD

Median

IQR

Control

24

-3.54

7.41

-3.00

7.50

Treatment

23

-2.35

5.22

-1.00

4.50

Note. SD=standard deviation; IQR=interquartile range.
ɑN is the sample size of 47.
Table 6 shows admissions to ED between groups. The control group accessed the
ED more than treatment groups. Tables 7 and 8 further divide the groups from Table 6
into gender. The male gender visited the ED more than the female gender across the
groups. The female gender in both treatment groups did not visit the ED and one male in
treatment-Y visited the ED.
Table 6
ED Visits by Groups
Groups
Control

No ED visits

Yes ED visit
16

8

Treatment-N

9

0

Treatment-Y

13

1
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Table 7
Female Gender Visiting the ED
ED visit

Control

Treatment-N

Treatment-Y

N

7

6

6

Y

3

0

0

Note. N=no visit to the ED; Y=yes visit to the ED.

Table 8
Male Gender Visiting the ED
ED visit

Control

Treatment-N

Treatment-Y

N

9

3

7

Y

5

0

1

Note. N=no visit to the ED; Y=yes visit to the ED.
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Figure 1 looks at the differences in Zung SAS scores and visits to the ED. This
plot shows one participant that used the Calm app visited the ED.

Figure 1. Zung SAS scores by ED visit

Inferential Statistics
Question one addresses if the use of the Calm app lowers Zung SAS in patients
with AF. Figure 2 shows a symmetrical distribution of Zung SAS with one outlier on the
far left. This histogram further supports normal distribution of Zung SAS between
groups.
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Figure 2.
The Y axis is
the
frequency of
reported pre
and post
Zung SAS.
The X-axis is
the
difference in
pre- and
post-Zung
SAS.

Table 9 displays the differences in pre- and post-Zung SAS and further separates
the female and male gender. All three groups of females lowered their Zung SAS from
pre- to post-testing. The largest reduction was seen in Treatment-N. Table 9 also
displays a modest reduction in the Zung SAS pre- and post-testing for the control and
Treatment-Y. The male gender control group saw a reduction in Zung SAS, while the
treatment-Y and treatment-N groups demonstrated an increase in Zung SAS. As seen in
Table 9, there was some reduction in pre- and post-Zung SAS between the six groups.
However, this was not a significant value (p=0.737).
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Table 9
Differences in Zung SAS Scores Pre- and Post-Testing
Treatment

Gender

emmean

SE

df

lower CI upper CI

app
Control

F

-4.7000

1.9171

41

-8.5716

-0.8284

Treatment-

F

-7.3333

2.4749

41 -12.3316

-2.3351

F

-4.0000

2.4749

41

-8.9982

0.9982

Control

M

-2.7143

1.6202

41

-5.9864

0.5578

Treatment-

M

3.6667

3.5001

41

-3.4019

10.7353

M

0.3750

2.1434

41

-3.9536

4.7036

N
TreatmentY

N
TreatmentY
Note. SE=standard error of the mean; df=degrees of freedom; emmean=estimated
marginal mean; CI=confidence interval. ɑ.
If the value in the emmean column is negative, that group saw a reduction in the
mean difference in Zung SAS values between the initial rating (pre) and the second rating
(post). If the score is positive, that group saw an increase in Zung SAS values between
the pre- and post-Zung SAS. Question two asked if use of the Calm app decreased
admissions to the ED. Table 10 displays the estimations of individual effect on ED visits.
One male who used the treatment app visited the ED and three men who did not use the
treatment app visited the ED. The odds of males visiting the ED were 61%. Women in
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both treatment groups did not go to the ED. As these women did not go the ED, the
intercept is the odds of females in the control group visiting the ED. There was a 67%
increase in male participants visiting the ED compared to female participants, regardless
of treatment app group. The odds of men in the treatment group visiting the ED who
used the app decreased by 84.7% when compared to patients in the control group. There
was moderate evidence of men who used the app going to the ED (p=0.0758) when
compared to the control group. As women in either treatment group did not visit the ED,
there was no effect seen.
Table 10
Estimate of Individual Effects
t-value Pr (>ǀtǀ)

Estimate SE

Lower 95%

Upper 95% CI

CI (Odds)

(Odds)

Intercept

-1.0034

0.6246

-1.61

0.1155

0.0922

1.1559

Treatment

-17.7530

1981.8380

-0.01

0.9929

-∞

2.0x1060

-1.8817

1.0342

-1.82

0.0758

0.0107

0.8668

0.5131

0.7656

0.67

0.5063

0.3858

8.2946

Treatment-Y
Gender M

Note. Intercept=the odds of females in the control group visiting the ED; Pr(>ǀtǀ) =p.
Discussion
The purpose of this DNP project was to evaluate the effectiveness of the Calm
app in decreasing Zung SAS and ED visits for AF, while focusing on anxiety as a trigger
for AF and utilizing the Calm app as a noninvasive, low-cost, non-pharmacological
treatment for AF. What this DNP project found was a modest reduction in ED visits for
AF with use of the Calm app. The reduction included men who used the app and men
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and women in the control group who did not use the app. All three groups and both
genders were instructed on etiology, implications, and treatment options of AF. When
compared to the control group, the odds of men in the treatment group who used the app
visiting the ED decreased by 84.7%. Regardless of use of app or not, women in the
treatment group did not visit the ED. Nine women in the control group visited the ED.
When comparing men and women visiting the ED, there was a 67% increase in men
visiting the ED, regardless of use of app.
Significant reduction in Zung SAS scores were not seen with use of the Calm app
when compared to typical care that included education on etiology and implications of
AF (p=0.737). Men in the control group saw a small reduction of Zung SAS, while men
in the treatment Y and treatment N groups saw an increase in Zung SAS. Women saw
the most reduction between pre- and post-Zung SAS in the treatment N group with a mild
reduction in Zung SAS demonstrated between the treatment Y group and the control
group. The Zung SAS specifically looked at anxiety, but is answered by the individual’s
interpretation of their anxiety. Incorporating the UIT (Mishel, 1988), women in all three
groups and the men in the control group upon follow-up would gain insight into their AF
and change the perceived danger into opportunity, developing coping strategies that help
calm the anxiety of AF.
Similar studies highlighting noninvasive low-cost approaches to treat AF found
yoga and transcutaneous electrical vagus nerve stimulation beneficial in improving
symptoms of anxiety and reduction in AF burden. These studies did not look at reduction
in ED visits (Lakkireddy, et al., 2013; Stavrakis, et al., 2020). The utilization of the Calm
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app has proven a positive venture for anxiety and depression (Luberto, Huberty, Puzia, &
Vranceanu, 2021), with no data supporting the use of the Calm app for AF.
This study did follow the path of Dr. Mishel’s UIT (Mishel, 1988). To be in this
study, men and women had developed a symptom pattern of AF, leaving them uncertain
and seeking medical support from a structured provider. In all six groups the same
education was provided. One man in the treatment group who used the app visited the
ED. This would point to the path of danger. This man found visiting the ED a coping
mechanism, leading to an expensive adaptation of AF symptoms. There was a small
reduction in Zung SAS in women of both treatment groups and men and women in the
control group. This would suggest a path of opportunity leading to adaptation and selfcontrol of AF symptoms. Utilizing this DNP project as a base, future studies would
address the Zung SAS results with the participants, allowing for cognitive adaptation and
further education. With this insight, the participants would choose opportunity over
danger and develop coping skills to included deep breathing, meditation, and yoga.
Strengths and Limitations
The strengths of the DNP project included the random assignment of a
convenience sample from a dedicated EP clinic. The IRB process was supported by the
facility the EP clinic is affiliated. Obtaining a sample greater than the minimum number
of individuals was determined by the sample size calculator, reducing a type II error
(Heavey, 2019; Terry, 2018). The DNP project randomly assigned 14 men and 10
women to the control group and 11 men and 12 women to the treatment group,
supporting even distribution of men and women. The sample calculator identified 40 as
the number to treat, with the total enrolled in study of 54. Another strength is the
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addition of an alternative mode of relaxing the anxiety of AF. A validated questionnaire
was used to determine anxiety scores (Zung, 1971). It is important to determine the
feasibility and validity of an instrument used in a research project to assure content
validity (Heavy, 2019). Utilization of a convenience sample is pragmatic and randomly
assigning the groups allows equivalent division of the variables among the groups (Terry,
2018).
The limitations included the COVID-19 pandemic that persisted into 2020.
During the pandemic, the EP office saw a decrease in the number of individuals for inperson office visits. While the number to treat was obtained, a larger number would
allow a better representation of the population (Terry, 2018). Another limiting feature
was the implementation of a new EMR to the EP clinic. This also limited the number of
people that potentially could enroll in the study. The use of an electronic device was a
limitation. In the rural area where the study was conducted, use of electronic devices
continued to be met with uncertainty by an ageing population. One individual dropped
out of the study due to poor internet connection at her home, making it hard to use the
Calm app. While the study was offered to everyone with AF who presented to the EP
clinic, several people declined because they did not own a computer or smart phone.
Another limitation was the use of a single-center EP clinic. Future studies should expand
to multiple EP clinics, allowing for a greater effect size.
Clinical Implications for Practice
This DNP project is a pilot study and a steppingstone to future studies connecting
the ANS to AF. The information obtained from these studies will increase the knowledge
sharing of the NP, not only with patients, but the community and fellow NPs. Study

58
results have potential to change practice, leading to cost effective, high quality care. This
DNP project did not find statically significant support for use of the Calm app in
reduction of anxiety in AF. It did find a moderate reduction in ED visits of the
individuals who used the Calm app. There is a lack of studies looking specifically at
reducing anxiety in AF patients with the use of the Calm app. There is increasing data
looking at treating the ANS with yoga and vagal stimulation to reduce AF and anxiety
(Lakkireddy, et al., 2013; Stavrakis, et al., 2020). The Calm app allows the individuals
control of the uncertainty of AF, setting them on a path of coping with this uncertainty.
The Calm app is free to users, but available to purchase for regimented programs on
meditation and deep breathing exercises (Calm.com). This low-cost, risk-free tool can be
utilized in an office setting for teaching purposes and facilitate self-control of a patients
AF symptoms.
Recommendations for Future Research
Using this DNP project as a pilot study, it is apparent that future research should
expand the sample size and the population of AF patients. Individuals diagnosed with
AF are increasing, as is the cost to healthcare associated with this irregularity of the heart
rhythm. Continued studies looking at the ANS association to AF will foster treatments
that are cost-effective, timely, and easily attainable. Apps such as Calm have seen an
increase in use during the COVID-19 pandemic (Calm, 2021). Data supporting the use of
the Calm app with AF is nonexistent. This inexpensive tool could be used in future
studies looking at yoga, meditation, and the reduction of AF.
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Conclusion
AF is a costly disorder of the heart electrical system. Individuals describe
palpitations, SOB, fatigue, CP, lightheadedness, and anxiety associated with AF.
Anxiety symptoms can also mirror AF’s symptoms. Individuals learn to recognize the
symptoms, look for triggers, and manage triggers, such as anxiety, to prevent recurrent
AF. This study supported an avenue for future studies to test treatments of the CANS in
reducing recurrent AF.
The burden on healthcare is expected to double in the next decade. Projections of
80,000 annual deaths and 460,000 hospitalizations are expected by 2050, with a price tag
of $26 billion in the US (Rozen et al., 2018). Understanding connections between AF
and anxiety, such as that seen in the data on AF and the ANS, encourages researchers to
look at nonpharmacological treatments, such as yoga or transcutaneous vagal stimulators
(Lakkireddy, et al., 2013; Stavrakis, et al., 2020).
This DNP project also explored the use of the Calm app to decrease anxiety and
reduce ED admissions due to AF. This DNP project demonstrated a modest reduction in
ED visits with the use of the Calm app. Those in all six groups were given specific
education on AF. While not significant, there were small reductions in Zung SAS in the
control and the women’s treatment group. Women, regardless of grouping, didn’t go to
the ED, again supporting basic education. Education and understanding help to diminish
the uncertainty in illness, leading to adaptation (Mishel, 1988).
Larger, multi-center studies utilizing the Calm app and the Zung SAS are needed
to support the hypothesis of the Calm app’s use in decreasing anxiety scores and
diminishing ED admissions for AF. This DNP project was a pilot study, building off the
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information obtained by Lakkireddy, et al., (2013), and Stavrakis, et al., (2020), exploring
engagement in the CANS to prevent recurrent AF. Continued research of the CANS has
the potential to change the outcomes and treatments available to the millions of people
afflicted with this debilitating disorder of the heart’s electrical system.
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