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Introduction

Obstructive sleep apnea (OSA) is a highly prevalent respira-
tory sleep disorder characterized by recurring apneic episodes
during which the upper airway is obstructed (Mayo Clinic,
2023). Globally, approximately 900 million adults - ages 30 to
69 - have been diagnosed with OSA; 44% of whom have mod-
erate to severe OSA (Teo et al., 2022). OSA patients show a
relaxation of the pharyngeal muscles, a collection of skeletal
muscles located posterior to the oral cavity, that are essential
for airway patency and support of the upper airway (Oliven et
al., 2008). As a result, the airway narrows and may temporar-
ily collapse, restricting ventilation while increasing respira-
tory drive as a compensatory mechanism (Jordan & White,
2007). Transient disturbances in airflow may be classified as
either hypopnea or apnea. Hypopnea refers to airflow reduc-
tion of at least 30% and/or decrease in oxygen saturation of at
least 3% for ten or more seconds. Apnea is a complete cessa-
tion in breathing for ten or more seconds (Berry et al., 2022).
OSA symptoms may include but are not limited to: daytime
fatigue, loud snoring episodes, abnormal breathing patterns,
excessive night sweating, insomnia, headaches, and fre-
quently waking up gasping for breath (Slowik, 2022).

OSA can be classified as mild, moderate, or severe based on
the apnea-hypopnea index (AHI) system. The AHI is calcu-
lated as the average number of apneas and hypopneas per hour
of sleep, and is one of several metrics reported during a
polysomnography test (sleep study) in addition to brain activ-
ity, heart rate, oxygen saturation, and muscle movements
(Somers et al., 2008). The American Academy of Sleep Apnea
delineates mild apnea as 5-15 events per hour, moderate apnea
as 15-30 events per hour, and severe apnea as 30 or more
events per hour (Figure 2). Treatment of OSA varies from
lifestyle modifications with an emphasis on weight loss, to
oral appliances such as continuous positive airway pressure
(CPAP) machines, surgeries such as removal of tonsils and
adenoids through Uvulopalatoplasty, and hypoglossal nerve
stimulation (Pavwoski & Shelgikar, 2017)

The AHI has been the standard metric to quantify OSA sever-
ity for several decades. However, recent studies suggest that
the AHI severity grading system may have inherent pitfalls
(Malhotra et al., 2021). The system classifies apnea and hy-
popnea as equal events, despite significant differences in their
physiological effects. Variation in definitions of hypopnea
may also give rise to inconsistent measurements, and there-
fore cause discrepant calculations of final AHI scores. (Ro

TABLE. APNEA-HYPOPNEA INDEX SCORE
CLASSIFICATION FOR ADULTS

APNEA SEVERITY APNEA-HYPOPNEA INDEX (AHI)

(EVENTS/HOUR OF SLEEP)
Normal <5
Mild S5=<AHI< 15
Moderate 15 < AHI <30
Severe =30

Figure 2. The AHI scoring system

bards, n.d.). The AHI system also fails to account for body
position duration, how long someone remains in a position
like sitting or laying down, during apneic events, which may
reduce overall scoring accuracy (Soori et al., 2022). The
aforementioned findings collectively express that AHI as a
standalone for severity classification may lack nuance and
oversimplify the categorization of OSA. Consequently, OSA
may be misclassified, causing key variables influencing pa-
tient health status to be overlooked which impacts clinical out-
comes as well as treatment strategy choices

As emerging evidence suggests limitations to the AHI system,
more attention is being focused toward broader clinical com-
plications and conditions comorbid with OSA. Physical ob-
struction of the upper airway hinders the flow of oxygen dur-
ing sleep, resulting in OSA becoming an associated underly-
ing co-morbidity in numerous non-communicable, chronic
conditions such as cardiovascular disease (CVD), hyperten-
sion, stroke, cardiac arrhythmias, and mental health-related
disorders such as depression and anxiety (DiCaro et al., 2024).
The association between OSA and cardiovascular disease is
widely known, with growing evidence suggesting that OSA
may exacerbate cardiovascular conditions through a variety of
physiological mechanisms (Tietjens et al., 2019). The inci-
dence and prevalence of OSA are of epidemic proportions
among patients at risk for Sudden Cardiac Death or CVD,
which Blackwell et al. in 2019 attributed to several shared risk
factors (Figure 1).

Despite its high comorbidity with cardiovascular disease,
OSA remains alboth underdiagnosed and undertreated (Yeghi-
azarians, 2021). Though studies continue to connect CVD and
OSA while others reject the AHI system as the sole standard
for OSA categorization, it is essential to develop classification
mechanisms that are not only accurate, but also multidimen-
sional. The limitations of the AHI system may contribute to t-
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Figure 1. Individual and shared risk factors of sudden cardiac death
and obstructive sleep apnea

he underdiagnosis and undertreatment of OSA within patients
who have CVD. For instance, Suen et al. in 2020 found that
there are “significant knowledge gaps regarding the effect of
treatment and OSA severity” on cardiovascular outcomes due
to existing scientific literature only comparing the prevalence
of CVD in OSA patients and vice versa.

Given that OSA is a multifaceted condition, this study aims to
identify another quantifiable surrogate that serves as an ad-
junct for the current AHI system. Existing literature across di-
verse medical fields within internal, cardiovascular, and sleep
medicine commonly acknowledge that there is a high preva-
lence of OSA within patients who have nocturnal bradycardia.
A notable meta-analysis in 2022 quantified the occurrence of
OSA in patients with nocturnal bradycardia, and vice versa, as
well as the effectiveness of the CPAP (Continuous Positive
Airway Pressure) machine in addressing the bradyarrhythmia.
Cumulative incidence rates and prevalence were tracked
through several statistical analysis platforms. Among the 34
articles used, 4852 patients were identified and used for the
analysis. The prevalence of both daytime and nocturnal brady-
cardia was approximately 25% and 69.8% respectively.
Within the patients who had bradyarrhythmia, the prevalence
of OSA was approximately 56.8%. CPAP treatment did not
seem to significantly impact the prevalence/occurrence of
daytime or nocturnal bradycardia (Teo et al., 2022). Re-
searchers have connected the two conditions together and con-
ducted studies to display how sleep apnea gives rise to brady-
cardia in the night. Zwillich et al. (1982) investigated the po-
tential mechanisms eliciting bradycardia during sleep apnea,
and how vagal efferent activity was a common trigger for
bradycardia amongst enrolled subjects. This seminal study
was the first to evaluate heart rate variability amongst patients
with sleep apnea. Along with heightened vagal activity, it has
been discovered that sleep apnea gives rise to nocturnal brady-
cardia through the snowball effect, beginning with the block-
ing of lung expansion. Rossi et al. (2013) evaluated the “Ef-
fects of Sleep Apnea and Heart Rhythm”, further affirming
that the upper airway prevents lung expansion and stretching
of vagolytic fibers in the lung.This elicits the diving reflex,
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which then increases sympathetic vasoconstriction to muscles
and viscera to maintain perfusion to the vital organs. The re-
sult of the cascade is a rise in blood pressure and vagally-in-
duced reflex bradycardia. With clear scientific connections to
OSA — as well as a high prevalence within OSA patients —
nocturnal bradycardia may be an appropriate and useful car-
diovascular condition to potentially contribute to earlier and
more accurate OSA diagnosis and classification.

Patients diagnosed with daytime or nocturnal bradycardia
may receive a loop recorder, a device inserted under the skin
that monitors heart rhythm and rate. Cardiac pacemakers may
also be implanted to pace the heart if the rhythm reaches a rate
that is below the set threshold rate. As of yet, current research
does not establish a correlation between pacemaker therapy
and alleviation of OSA symptoms.

It was hypothesized that the degree of nocturnal bradycardia
coupled with the AHI system increases the specificity of
severity grading for OSA. It was also expected that patients
who benefit clinically and physiologically have less frequency
and duration of nocturnal bradycardia with optimal therapy
for OSA.

Research Design and Method
Study Design

The purpose of this study was to assess nocturnal bradycardia
as a potential indicator for OSA severity grading within car-
diac patients. A retrospective pilot observational study was
conducted to assess the association between nocturnal brady-
cardia and OSA in cardiac patients who meet established cri-
teria for OSA treatment and event monitoring (Medicaid Cov-
erage Database, n.d.).

Data Acquisition

Pre-existing data was extracted and analyzed from
AthenaHealth electronic medical records (EMRs) to minimize
risk to subjects and to efficiently assess any trends pertaining
to nocturnal bradycardia events and OSA pathogenesis. Data
abstraction took place after obtaining informed consent from
the cardiology clinic and respective patients enrolled. Printed
informed consent forms were provided to all enrolled patients.
Each form provided a description of the study, the data being
acquired, and how the data will be used to establish conclu-
sions or relationships between OSA and nocturnal bradycar-
dia. All patient data abstraction processes de-identified per-
sonal health information to maintain patient confidentiality.

Through chart abstraction, relevant data (socio-demographic,
clinical characteristics, patient characteristics, event monitor
and sleep study results) were analyzed and extracted for the
purpose of this study (Figure 3). Race, gender, age, comor-
bidities, current medications, functional status (New York
Heart Association Classification), alcohol and tobacco use,
and family history were all reported as patient factors. AHI
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scores, and for some subjects, oxygen saturations, and heart
rate were extrapolated from sleep study data. Additional met-
rics for certain patients were reported on the sleep study such
as time spent under 90% Oxygen saturation, and were there-
fore listed in this study. Nocturnal bradycardia was defined
according to the American Heart Association position state-
ment as a heart rate of less than 60 beats per minute
(Kusumoto et al., 2018). To determine the prevalence of noc-
turnal bradycardia, event monitor data in the form of device
interrogations were utilized to display continuous monitoring
of the patient’s rhythm during a specified time period.

The process of care for patients with event monitors and OSA
was quantified by concurrent formal guidelines based on the
American College of Cardiology (Kusumoto et al., 2018) and
American Association of Sleep Medicine (Kapur, 2017) for
the diagnosis of Nocturnal bradycardia and obstructive sleep
apnea.

Participant Selection

This study enrolled all consecutive patients who have a formal
diagnosis of OSA (n=5), and fulfill other inclusion criteria
such as an event monitor implanted from an outpatient cardi-
ology office setting. Given that this study is a pilot study, the
association between OSA and nocturnal bradycardia is still
being explored experimentally and the inclusion criteria of
both conditions are highly specific. Five cases were chosen to
be analyzed. Although sample size was limited, the purpose of
this study was to establish and assess baseline trends among
patients with both OSA and nocturnal bradycardia, which
could be tested in larger cohort studies.

The inclusion criteria for this study is as follows:

- The patient is diagnosed with OSA and currently being mon-
itored with a 30-day event monitor (AHI > 5.0)

- The patient is willing and able to give informed consent for
their clinical and background data to be examined

Exclusion criteria included non-English speaking patients to
maximize efficient communication as well as patients who
could not give informed consent to participating in this study.
No expectation for early withdrawal was anticipated, given
the observational nature of this study. However, a patient was
able to withdraw from the study at any time.

Results

Of the five selected subjects for the study, three underwent
facility-structured sleep studies, and the remaining two sub-
jects participated in an in-home sleep study. All patients were
diagnosed with OSA based on having a minimum AHI of 5.0.
Each subject also had an implantable loop recorder, which
permitted the analysis of device checks including bradycardia
events. A de-identified description of each subject’s clinical p-
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Figure 3. Flowchart illustrating the relationship between various
subject factors and exam outcomes in sleep apnea assessment.
Subsequent evaluations, such as repeat sleep studies and device
interrogations, were used to monitor changes in apnea severity, heart
rate, and oxygen saturation to evaluate potential relationships
between nocturnal bradycardia and OSA.

rofile is presented, containing information such as major car-
diac events, medications, family history, and compliance.
Loop recorder implantation dates and sleep study dates were
recorded to serve as baseline patient data. Device checks on
loop recorders are displayed over time to convey potential re-
lationships between OSA and Nocturnal bradycardia. Mile-
stone tables and supporting visuals are also included to con-
vey possible trends.

Subject A

Subject A is a 72-year-old Caucasian male with comorbidities
including paroxysmal atrial fibrillation, bilateral carotid dis-
ease status post left carotid endarterectomy, essential hyper-
tension, severe aortic valve stenosis, status post transcatheter
aortic valve replacement, and embolic stroke. The subject had
an in-home sleep study on May 19, 2015 and was subse-
quently diagnosed with OSA (AHI of 6.5). The patient refused
OSA therapy, but received a loop recorder implantation on
January 28, 2022, which detected several bradycardic
episodes.

An asystolic episode of 4.4 seconds occurred on February 4,
2023, at 5:03 AM during sleep. The loop recorder started to
detect atrial fibrillation in July of 2022. The patient had a re-
peat in-home study in early March, which demonstrated an
AHI of 18 (nearly a three-fold increase in AHI since diagno-
sis). The patient has been prescribed the following medica-
tions: Sotalol (80 mg twice daily), Losartan (100 mg daily),
Atorvastatin (80 mg at night), Amlodipine (10 mg daily),
Pantoprazole (40 mg daily), and Eliquis ( Smg twice daily).
The patient’s mother has a pacemaker and a history of hyper-
tension and atrial fibrillation, and his father had a coronary
artery bypass graft to treat coronary artery disease. His func-
tional status has no limitations, and he does not smoke or
drink alcohol.
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(device check)

Date Event
01/04/2022 | Sinus rhythm (63 bpm) without any
abnormalities
02/28/22 Sinus rhythm (no nocturnal
bradycardia or atrial fibrillation
07/09/2022 | 4 days of intermittent atrial

fibrillation with a mean heart rate of
78 bpm (no nocturnal bradycardia
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PM (during a nap)
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Figure 6. A list of 40+ asystolic events detected from 02/05/2023 to

03/07/2023

Subject B

Subject B is a 63-year-old Caucasian male with comorbidities
including coronary artery disease, coronary stent placement

involving the left anterior descending (LAD) artery, perma-
nent atrial fibrillation, essential hypertension, obesity (BMI of
37), hyperlipidemia, and congestive heart failure (Diastolic)
Class II. The patient had a facility-structured polysomnogra-
phy test on August 28th, 2011. He was subsequently diag-
nosed with OSA (AHI of 14). The patient was prescribed a

/1_»‘,1,4#1'/”\ \,,‘ﬁ{/\,, i .
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Figure 4. An EKG on 07/20/2022 displays a baseline rhythm of

atrial fibrillation
CPAP machine and was initially noncompliant with therapy. |
The patient received a loop recorder implantation on Decem-
ber 7th, 2021. After March 10th, 2022, the patient became
| |
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compliant with CPAP therapy and medicines. The patient has
been prescribed the following medications: Metoprolol Tar-
trate (75 mg twice daily), Losartan ( 25 mg daily), Brilinta (90
mg twice daily), Xarelto (20 mg nightly), Atorvastatin (20 mg
nightly), and Glimepiride (2 mg twice daily). The patient’s
grandmother has a heart disease history and a pacemaker. His
functional status has no limitation, and he does not smoke or
drink alcohol.

Date Event
12/07/2021

The subject’s baseline rhythm
of chronic atrial fibrillation is
recorded

12/20/2021 Permanent atrial fibrillation is
detected with a ventricular

response of 80 bpm

02/27/2022 At 5:43, the subject is napping
and experiences a sudden rate
drop with a 4.5 and 6.4

second pause

1/7/25 12:26 PM

Subject C

Subject C is a 53 year old Caucasian male with comorbidities
including diabetes mellitus type I, morbid obesity (BMI of
46), essential hypertension, chronic kidney disease stage III,
and chronic diastolic heart failure. The patient had an in-home
sleep study on April 6th, 2021. He was subsequently diag-
nosed with OSA (AHI of 44). After being diagnosed with
OSA, the patient was prescribed an oral appliance. Due to jaw
pain, the patient abandoned therapy at three months of use and
switched to CPAP therapy. The patient was also compliant
with medicines but non-compliant with his CPAP. He also
received a loop recorder implantation on November 10th,
2021. The patient has been prescribed the following medica-
tions: Brilinta (90 mg twice daily), Aspirin (81 mg daily),
Fenofibrate (160 mg nightly), Bumetanide (1mg daily), Am-
lodipine (10mg daily), Hydralazine (100 mg thrice daily), and
Oxybutynin Chloride (5mg nightly). The patient’s mother had
coronary artery disease and a coronary stent; his father has a
history of coronary artery disease with a coronary stent and
has had atrial fibrillation ablation. His functional status is

03/10/2022 (device
check)

A heart rate of 27 bpm is
recorded

03/03/2023

At 8:30 PM a heart rate of 60

Class II - 111, and he does not smoke or drink alcohol.

bpm is detected. The rate
decreases from 60 bpm to 48
bpm without any asystolic
events

03/09/2023 No pauses are detected

Table 3. Subject B’s Milestone table

AHI 14
Min Oxygen 88%
Saturation

Table 4. Subject B’s initial sleep study data

Figure 7. Lowest heart rates for Subject B

Date Event
11/22/2021

Nocturnal bradycardia is detected at
4 AM with a heart rate of 47 bpm.
At 4:27 AM, the patient has a 2.2
second asystolic event.

02/02/2022 | At 4 AM the patient has a 2 second
pause and a 5.4 second pause at 2:07

AM.

07/28/2022 | The patient had a heart rate of 20
bpm for 20 seconds at 3:31 pm. At

this time, the patient was napping.

At 2:53 PM the patient had an
asystolic episode of 4.5 seconds.

01/12/2023

02/20/2023 | The patient has another sleep study.
An AHI of 88.8 is recorded. The
subject spent 55.6 minutes below
88% oxygen saturation and had a
mean heart rate of 44. The patient

was prescribed a CPAP machine.

03/21/2023 | No nocturnal bradycardia or asystole
is detected. AHI is recorded to be 5

from a repeat sleep study test.

Table 5. Subject C’s Milestone Table
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AHI 44
ODI (1/hr) 61.4
Mean Oxygen Saturation 92%

Min Oxygen Saturation 67%

Mean Heart Rate (bpm) 63
Min Heart Rate 45
Max Heart Rate 83

Time spent under 90% Oxygen 18%

Saturation

Table 6. Subject C’s initial sleep study data

At A__Jlrx,_lv_’\

[ W T

Figure 8. On 01/12/2023 2:53 PM, Subject C has a 4.5 second pause

Subject D

Subject D is a 64-year-old Caucasian male with comorbidities
including paroxysmal atrial fibrillation, morbid obesity (BMI
of 31), chronic diastolic heart failure Class 11, syncope, hyper-
lipidemia, essential hypertension, and diabetes mellitus type
II. The patient had a facility polysomnography test on Decem-
ber 26th, 2016. He was subsequently diagnosed with OSA
(AHI of 69) and due to his cleft palate, was prescribed a CPAP
machine over an oral appliance. The patient received a loop
recorder implantation on December 1st, 2022. The patient has
been prescribed the following medications: Xarelto (20 mg
nightly), Doxepin (50mg daily), Metoprolol Tartrate (12.5 mg
daily), Propafenone (225 mg thrice daily), Fenofibrate (134
mg daily), Lexapro (20mg daily), Metformin (500mg twice
daily), and Atorvastatin (20 mg daily). The patient’s mother
has a history of terminal lung cancer. His functional status is
Class 11, and according to his record, quit smoking in 2013.
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Date

Event

12/01/2022

In office check: At 2:24 PM,
the patient has a baseline heart
rate of 63 bpm (baseline)

12/02/2022

At 7 AM, the patient has a heart
rhythm of atrial fibrillation with
a heart rate of 147 bpm. He
suddenly drops to 27 bpm while
sleeping.

02/21/2023

A remote device check detects
a long atrial fibrillation episode
of approximately two hours,
with the maximum heart rate
being 152 bpm.

04/06/2023

At 4:54 AM, atrial fibrillation
was detected at approximately
160 bpm for an hour and 54
minutes.

04/08/2023

At 8:44 PM, atrial fibrillation
was detected at approximately
140 bpm.

Table 7. Subject D’s Milestone table

Date

Event

08/03/2022

At 11:10 PM, the patient has
a heart rate of 82 bpm in
sinus thythm. At 4:18 PM,
the heart rate decreases to 54
bpm, and at 1:46 AM, the
heart rate again decreases to
36 bpm.

03/16/2023

A baseline rhythm of sinus
bradycardia is detected with
a heart rate in the 50s. No
asystolic events were
recorded.

07/22/2022

The patient has a cardiac
arrest from ventricular
tachycardia

03/30/2023

No bradycardia is detected,
with the minimum heart rate
reaching 50 bpm. Patient
reports feeling well.

Table 8. Subject E’s Milestone Chart
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Subject E

Subject 5 is a 74 year old Caucasian male with comorbidities
including ventricular tachycardia, cardiac arrest, COVID-19
infection, overweight (BMI of 28), essential hypertension,
paroxysmal atrial fibrillation, and palpitations. The patient had
a facility-structured polysomnography test on September
10th, 2019. He was subsequently diagnosed with OSA (AHI
of 10.5) and prescribed a CPAP machine that he was only
intermittently compliant with. The patient was admitted to a
local hospital on July 21st, 2023 and was resuscitated from a
cardiac arrest on July 22nd, 2023. The patient had a left coro-
nary angiogram and a drug-eluting stent was deployed within
the ramus coronary artery. The subject had a loop implantation
on March 2nd, 2023. The patient has been prescribed the fol-
lowing medications: Amiodarone (200 mg daily), Atorvastatin
(40 mg nightly), Ticagrelor (90 mg twice daily), Eliquis (5mg
twice daily), Metoprolol Tartrate (12.5 twice daily), and
Lisinopril (10 mg daily). The patient’s father has a history of
congestive heart failure, heart disease, and diabetes. His func-
tional status is Class II, and he has a moderate alcohol intake.

Figure 9. The subject’s heart rates get progressively slower (50 bpm
to 30 bpm)

Rate histogram

6 60 100 120 140 160 180 200 220 240 260 280

<30 40 bpm

Figure 10. Subject E’s rate histogram on 03/16/2023 shows
bradycardia around 50 bpm and no asystole events

1/7/25 12:26 PM

Discussion

The present study is a retrospective observational evaluation
designed to elucidate the relationship between the severity of
OSA and Nocturnal bradycardia. This study demonstrates the
occurrences of bradycardia during periods of apnea amongst
the five subjects that were studied. All patients had a formal
sleep study with the lowest AHI of 6.5 (Subject A) and lowest
oxygen saturation of 79% to the most severe apneic patients
with an AHI of 88 (Subject D) with the lowest oxygen satura-
tion of 67%. This study demonstrates several interesting rela-
tionships:

* The degree of bradycardia - as recorded with loop
technology - appeared to have an association with
OSA severity as observed in Subjects A and C. As
OSA increased in severity, their heart rates de-
creased over time.

» There is a potential relationship between severity of
bradycardia and OSA treatment compliance as
noted in Subjects B and C. Nocturnal bradycardia
burden decreased with CPAP adherence (>4 hrs/
night). However the degree of CPAP compliance to
offset bradycardia was not studied and must be fur-
ther investigated among larger cohorts to establish
clinical significance.

» There is a possible relationship between the presence
of atrial fibrillation and OSA severity as observed
in Subject A, B, D and E. Unlike other subjects,
Subject D had tachycardia (heart rate > 60 bpm) in
the setting of atrial fibrillation which is a rhythm
that reflects a conduction abnormality. As brady-
cardia in subjects D and E persisted (noncompliant
with therapy), their atrial fibrillation appeared to
worsen.

* Improvement in AHI with reduction in nocturnal
bradycardia burden was observed among subjects
who had experienced more frequent and prolonged
episodes of nocturnal bradycardia burden during
the evaluation period, which suggests that the ef-
fect of OSA therapy on AHI reduction might be de-
pendent on bodyweight, frequency of and duration
of nocturnal bradycardia.

Limitations
This retrospective study had a variety of limitations:

1. Up to date, there are no randomized trials developed to
study the potential effects of nocturnal bradycardia on severity
of Sleep Apnea based on AHI.

2. The sample size was insufficient for robust statistical analy-
sis, and the study demographic lacked females or subjects
from other racial groups.
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3. Medication induced bradycardia may have confounded the
data retrieved from Loop interrogation

4. Patient’s had different types of sleep studies with only two
patients having repeat sleep studies.

5. Patients had a variety of OSA therapies which may present
additional confounding variables.

6. Timing of Loop recorder interrogation was not standardized
across all five subjects.

7. There were discrepancies between data provided for each
patient among sleep studies and device checks due to lack of
data available in the EMR.

Conclusion

The primary objective of this study was to identify a potential
association between the severity of nocturnal bradycardia and
AHI. The AHI system is thought to have inherent pitfalls,
however, scores may become more accurate and standardized
among patients if additional metrics such as nocturnal brady-
cardia or atrial fibrillation is considered.

Additional randomized studies - with larger sample sizes -
using nocturnal bradycardia as a metric in the AHI scoring
system may suggest relationships between nocturnal brady-
cardia and OSA. A randomized study with a larger sample size
and demographic that aims to investigate the relationship be-
tween nocturnal bradycardia and FDA approved treatments
for OSA is another future area for research. In addition, one
that highlights the potential effects of the therapy on weight
loss, glucose tolerance, heart failure readmission and medical
compliance would be beneficial findings.

Supplementing the AHI system with other criteria may lead to
earlier and more accurate diagnosis of OSA in the United
States, which in turn may lead to earlier intervention and ther-
apy. Earlier treatment can reduce the chances of patients ob-
taining other cardiovascular comorbidities such as heart dis-
ease,therefore reducing the risk of sudden cardiac death. As
emerging evidence continues to associate OSA to heart health,
it is critical to explore relationships in depth to bridge gaps
between dental sleep medicine and cardiovascular practice to
potentially reduce mortality.
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