Coronary artery disease

Clinical research

Cardiac arrhythmias and mortality risk among patients
with obstructive sleep apnea following admission for
acute myocardial infarction or acute ischemic stroke

Kamleshun Ramphul?, Petras Lohana?, Renuka Verma?, Nomesh Kumar?, Yogeshwaree Ramphul*,
Arti Lohana?, Shaheen Sombans®, Stephanie Gonzalez Mejias®, Komal Kumari?

!Department of Pediatrics, Shanghai Xin Hua Hospital, School of Medicine, Shanghai Corresponding author:

Jiao Tong University,Shanghai, China Dr. Shaheen Sombans

’Liaquat University of Medical and Health Sciences, Jamshoro, Pakistan Bharati Vidyapeeth

*Guru Gobind Singh Medical College, Punjab, India University

Sir Seewoosagur Ramgoolam National Hospital, Pamplemousses, Mauritius Medical College and Hospital

*Bharati Vidyapeeth University Medical College and Hospital, Pune, India India

Independent Medical Reseacher, Santo Domingo, Dominican Republic E-mail: drshaheensombans@
gmail.com

Submitted: 29 April 2022
Accepted: 6 June 2022

Arch Med Sci Atheroscler Dis 2022; 7: e109—e115
DOI: https://doi.org/10.5114/amsad/150717
Copyright © 2022 Termedia & Banach

Abstract

Introduction: Obstructive sleep apnea (OSA) can cause several cardiovas-
cular changes that increase the risk of various complications such as acute
myocardial infarction (AMI) and acute ischemic stroke (AIS).

Material and methods: We used the 2019 National Inpatient Sample (NIS)
from the Healthcare Cost and Utilization Project (HCUP), the Agency for
Healthcare Research and Quality (AHRQ), and their many collaborators to
study the differences in characteristics and outcomes of OSA patients fol-
lowing AMI or AIS and the presence of several cardiac arrhythmias and their
associated mortality risks.

Results: A lower mortality rate was seen among OSA patients with AIS (2.5%
compared to 3.8% in non-OSA), and AMI (2.8% compared to 4.7% in non-
OSA). OSA patients with AIS had a higher risk of dying if they were aged
66 or over, of Hispanic origin, or if they reported ventricular tachycardia,
or paroxysmal atrial fibrillation. For those with OSA and admitted for AMI,
they were more at risk of dying if they were aged 66 or over, not classified
as “White, Black, or Hispanic”, with a history of diabetes, reported ventric-
ular tachycardia, or ventricular fibrillation. Lower adjusted odds ratios were
noted among OSA patients with hypertension in both AMI and AIS cases.
Conclusions: Further studies comparing these characteristics based on the
severity of OSA are therefore encouraged.

Key words: cardiac arrhythmia, obstructive sleep apnea, acute myocardial
infarction, acute ischemic stroke.

Introduction

Obstructive sleep apnea (OSA) is strongly linked with several forms of
cardiovascular diseases with a high prevalence in the general population
and even higher prevalence among patients with known cardiovascular
diseases [1]. Several disturbances caused by OSA may provoke various
systemic imbalances such as hypoxemia which can trigger various com-
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plications, including conduction abnormalities [2].
The diagnosis and timely treatment of OSA is also
believed to be of crucial importance in prevent-
ing acute myocardial infarctions (AMI) and acute
ischemic strokes (AIS) [3, 4]. However, as little is
known about the patient characteristics and dif-
ferent cardiac arrhythmias seen in OSA patients
following an AMI or AlS, the 2019 National Inpa-
tient Sample (NIS) was used to analyze and study
the incidence and outcomes of these patients [5].

Material and methods

The NIS is a yearly set of databases developed
and maintained by the Healthcare Cost and Utili-
zation Project (HCUP), the Agency for Healthcare
Research and Quality (AHRQ), and their many col-
laborators. It contains more than 7 million hospi-
talization records in the “unweighted” form, and
in its “weighted form” it can cover > 35 million
patients over a year. The 2019 NIS is the most
recent version released by the group, and several
changes have been made to improve the accuracy
of the databases over the last few years. Addition-
al information can be obtained at https://www.
hcup-us.ahrg.gov/nisoverview.jsp [5].

Patients aged 25 and over were retained for
the study. Our sample was also converted to its

“weighted” form, which, as per the HCUP guide-
lines, allowed us to project a national estimate of
various conditions. Principal diagnoses of AMI and
AlS were obtained, and patients with a diagnosis
of OSA at any diagnostic level were also identi-
fied. Our study was divided into two steps. First,
we estimated the patient characteristics to un-
derstand the differences between OSA and non-
OSA groups for patients having been hospitalized
for AMI or AIS. We also identified various cardiac
arrhythmias (supraventricular tachycardia, ven-
tricular tachycardia, paroxysmal atrial fibrillation,
and ventricular fibrillation). We then used multiple
regression analysis to estimate the adjusted odds
ratio (aOR) of an OSA patient dying during their
hospitalization and the impact of various possible
risk factors on their mortality risks [5].

HCUP data consist of de-identified and anon-
ymous patients, and the needs of ethic clearance
and IRB approval are waived as per their data use
agreement and guidelines [5].

Results

551,385 patients had a principal diagnosis of
AlS, with 39,370 (7.1%) also having a diagnosis
of OSA (Table ). A higher incidence was report-
ed among males than females (8.8% of males

Table I. Characteristics of obstructive sleep apnea patients following an admission for acute ischemic stroke

Characteristics Acute ischemic stroke patients P-value
(% among OSA or non-OSA group, % of characteristic group)
Obstructive sleep apnea No obstructive sleep apnea
(N = 39,370) (N = 512,015)

Died 2.5 3.8 <0.01
Sex: <0.01

Male 62.5 (8.8) 49.9 (91.2)

Female 37.5(5.4) 50.1 (94.6)
Age: < 0.01

25-45 4.8 (7.3) 4.7 (92.7)

46-65 36.6 (8.4) 30.8 (91.6)

66 or over 58.6 (6.5) 64.5 (93.5)
Race: <0.01

White 72.8 (7.8) 65.9 (92.2)

Black 15.6 (6.5) 17.3 (93.5)

Hispanic 5.0 (4.5) 8.2 (95.5)

Rest 6.7 (5.6) 8.6 (94.4)
Obese 42.9 (20.4) 12.9 (79.6) <0.01
Hypertension 91.2 (7.5) 85.9 (92.5) <0.01
Diabetes 53.5(9.7) 38.3 (90.3) <0.01
Supraventricular tachycardia 1.3 (6.4) 1.4 (93.6) 0.012
Ventricular tachycardia 2.1 (8.9) 1.6 (91.1) < 0.01
Paroxysmal atrial fibrillation 12.8 (9.7) 9.2 (90.3) <0.01
Ventricular fibrillation 0.1 (5.0) 0.1 (95.0) 0.056
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with AIS also had OSA, while 5.4% of females
with AlS also had OSA, p < 0.01). While most AIS
patients were aged 66 or over (58.6%), patients
aged 46—65 with AlS were also more likely to have
a diagnosis of OSA than the other two age groups
(8.4% among 46-65-year-olds, p < 0.01). OSA was
also more common among Whites admitted for
AlS (7.8% of Whites with AIS had OSA, p < 0.01).
42.9% of OSA patients with AIS were obese (p <
0.01), while 91.2% had hypertension (p < 0.01),
and 53.5% had diabetes (p < 0.01). A higher inci-
dence of ventricular tachycardia (2.1%) and par-
oxysmal atrial fibrillation was recorded among
patients with OSA (p < 0.01 each), while OSA
patients reported a slightly lower incidence of su-
praventricular tachycardia (1.3%) than non-OSA
groups (1.4%).

Several factors such as age > 66, Hispanic race
(@OR = 1.622, 95% Cl: 1.260-2.088, p < 0.01),
presence of ventricular tachycardia (aOR = 3.426,
95% Cl: 2.630-4.463, p < 0.01) and paroxysmal
atrial fibrillation (aOR = 1.211, 95% Cl: 1.017-
1.442, p = 0.032) were associated with a higher
risk of inpatient deaths among OSA patients with
AlS. Meanwhile, hypertensive patients with OSA
in the AIS group had a lower mortality risk (@OR =
0.649, 95% Cl: 0.533-0.791, p < 0.01) (Table I, Fig-
ure 1). OSA patients were less likely to die (2.5%)
than non-OSA groups (3.8%) when admitted for
AlS (@aOR = 0.738, 95% Cl: 0.691-0.789, p < 0.01).

Our study also identified 664,530 patients hos-
pitalized for AMI. 8.9% of them had a diagnosis of
OSA (Table I1l). The OSA AMI patients were more
likely to be males (71.9% of OSA cases, and 10.2%
of AMI males had OSA) and White (76.9% of OSA

Female

Age 25-45 (reference age > 65)
Age 46-65 (reference age > 65)
Race: Rest (Reference = White)
Race: Black (Reference = White)
Race: Hispanic (Reference = White)
Obesity

Hypertension

Diabetes

Ventricular tachycardia

Paroxysmal atrial fibrillation

or acute ischemic stroke

Table II. Possible factors influencing mortality
among OSA patients admitted with AIS

Characteristics Adjusted odds ratio of OSA
patient with AIS dying

(95% confidence interval,

p-value)
Sex:
Male Reference (1)
Female 0.910 (0.796-1.041, 0.171)
Age:
25-45 0.260 (0.155-0.437, < 0.01)
46-65 0.701 (0.607-0.810, < 0.01)
66 or over Reference (1)
Race:
White Reference (1)
Black 0.942 (0.773-1.148, 0.553)
Hispanic 1.622 (1.260-2.088, < 0.01)
Rest 1.054 (0.814-1.365, 0.690)
Obese 0.918 (0.802-1.051, 0.215)

Hypertension 0.649 (0.533-0.791, < 0.01)

Diabetes 0.931 (0.818-1.061, 0.105

Ventricular tachycardia

)
3.426 (2.630-4.463, < 0.01)
)

Paroxysmal atrial 1.211 (1.017-1.442, 0.032

fibrillation

cases, 9.6% of Whites with AMI had OSA). While
52.3% of AMI patients with OSA were aged 66
or over, the incidence of OSA among those with
AMI and aged 46-65 was highest (9.7%, p < 0.01).
Compared to non-OSA patients with AMI, OSA pa-
tients with AMI were also more likely to be obese

0.1 1 10
aOR

Figure 1. Risk factors of death in OSA patients admitted with AIS
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Table IlI. Characteristics of obstructive sleep apnea patients admitted for acute myocardial infarction

Characteristic Acute myocardial infarction patients (% among OSA or non-OSA P-value
group, % of characteristic group)
Obstructive sleep apnea No obstructive sleep apnea
(N = 59075) (N = 605455)

Died 2.8 4.7 <0.01
Sex: <0.01

Male 71.9 (10.2) 61.8 (89.8)

Female 28.1 (6.7) 38.2 (93.3)
Age: <0.01

25-45 5.2 (7.9) 6.0 (92.1)

46-65 42.5(9.7) 38.8 (90.3)

66 and more 52.3 (8.4) 55.3(91.6)
Race: <0.01

White 76.9 (9.6) 70.6 (90.4)

Black 10.5 (8.4) 11.2 (91.6)

Hispanic 5.8 (6.1) 8.8 (93.9)

Rest 6.8 (6.6) 9.3 (93.4)
Obese 51.5 (21.8) 18.0 (78.2) <0.01
Hypertension 90.5 (9.7) 82.1 (90.3) <0.01
Diabetes 56.5 (12.2) 39.8 (87.8) <0.01
Supraventricular tachycardia 4 (8. ) 2.5(91.4) 0.166
Ventricular tachycardia 1(8.8 .2 (91.2) 0.478
Paroxysmal atrial fibrillation 13.8 (12. 4) 9.5 (87.6) <0.01
Ventricular fibrillation 5 (6.8) 3(93.2) <0.01

(51.5%, compared to 18.0%, p < 0.01), hyperten-
sive (90.5%, compared to 82.1% < p < 0.01), and
diabetic (56.5%, compared to 39.8%, p < 0.01).
Statistically significant results were also found as
OSA patients with AMI had a higher incidence of
paroxysmal atrial fibrillation (13.8%, compared to
9.5%, p < 0.01) but a lower incidence of ventricu-
lar fibrillation (2.5%, compared to 3.3%, p < 0.01).
Moreover, OSA patients with AMI were more
likely to die if they were aged 66 or over, not clas-
sified as “White, Black or Hispanic” (compared
to Whites) (@OR = 1.771, 95% Cl: 1.496-2.095,
p < 0.01), diabetic (aOR = 1.276, 95% Cl: 1.145-
1.421, p < 0.01), or reported ventricular tachycar-
dia (aOR = 2.937, 95% Cl: 2.567-3.360, p < 0.01)
or ventricular fibrillation (aOR = 9.847, 95% Cl:
8.453-11.471, p < 0.01). A lower OR was calculat-
ed among those with hypertension (aOR = 0.800,
95% Cl: 0.675-0.949, p < 0.010) (Table IV, Figure 2).
2.8% of OSA patients with AMI died, while 4.7%
of patients without OSA and with AMI died
(aOR = 0.672, 95% Cl: 0.637-0.709, p < 0.01).

Discussion

Our study using the 2019 NIS confirmed that
patients with OSA had a lower risk of dying
when hospitalized with AMI (@OR = 0.672) or AlS

(aOR = 0.738) in the United States. Similar results
were also previously described by Mohananey et
al. for outcomes of STEMI among OSA patients
(aOR = 0.78) [3] and by Lapow et al. for patients
admitted for AIS (aOR = 0.76) [6]. The lower mor-
tality rate can be attributed to a possible higher
quality of care, and more aggressive treatment
protocols for patients who have already been pre-
viously diagnosed with OSA [3]. The higher inci-
dence of OSA among men for both AMI and AIS
can be narrowed down to the higher incidence of
OSA in general in men compared to women [7-9].

We further identified a higher incidence of OSA
among AIS and AMI patients in the age group of
46-65, which could be linked with the lifestyle of
those adults, the increased mortality, and lower
prevalence in the older groups [10]. Adults aged
66 or over showed a higher mortality rate than
their younger counterparts due to the possible
presence of more commodities predisposing them
to various complications on admission for either
AlS or AMI [11, 12]. While Whites presented with
a higher incidence of OSA in both AMI and AIS, our
study also showed that Hispanics with AIS had
a higher mortality risk than Whites, while those
classified as “not White, Black, or Hispanic” were
more likely to die following admission for AMI if
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they also had OSA. Dudley et al. confirmed that
the outcome of OSA is influenced by both genetic
risk factors and the severity of OSA [13]. In our
study, the HCUP database did not classify OSA
in terms of severity, and we, therefore, encour-
age further studies based on a classification that
could help better understand the results. Ramos
et al. also previously reported that Hispanics were
twice as likely to have a stroke and had several
risk factors [14].

The relationship between obesity and OSA has
been well established. Several studies have also
shown that treating obesity and reducing weight
can help improve the severity of OSA and the clin-
ical outcomes of patients suffering from several
conditions brought on by obesity and OSA [15].
While no statistically significant differences in mor-
tality outcomes were found among OSA patients
who were also obese, physicians are advised to en-
courage various health protocols among their OSA
patients to improve their long-term survival. OSA
is closely associated with diabetes and obesity.
A higher incidence of diabetes was noted among
OSA patients in both AMI and AIS groups. Since
diabetics tend to have a higher BMI, they are more
likely to develop OSA than non-obese groups, and
up to 83% with type 2 DM may have undiagnosed
OSA [16-19]. A higher risk of dying was also seen
among diabetic OSA patients compared to non-di-
abetic OSA patients following admission for AMI,
which agrees with past studies describing various
pathways among people with diabetics which pre-
dispose them to a more severe outcome and fur-
ther complications following an AMI [20-23].

Avery high percentage of OSA patients with AMI
and AlS had a history of hypertension in our study.

Female

Age 25-45 (reference age > 65)
Age 46-65 (reference age > 65)
Race: Rest (Reference = White)
Race: Black (Reference = White)
Race: Hispanic (Reference = White)
Obesity

Hypertension

Diabetes

Supraventricular tachycardia
Ventricular tachycardia
Paroxysmal atrial fibrillation

Ventricular fibrillation

or acute ischemic stroke

Table IV. Possible factors influencing mortality
among OSA patients admitted with AMI

Characteristic

Adjusted odds ratio of OSA
patient with AMI dying
(95% confidence interval,

p-value)
Sex:
Male Reference (1)
Female 1.070 (0.954-1.200, 0.249)
Age:
25-45 0.231 (0.163-0.329, < 0.01)
46-65 0.380 (0.337-0.429, < 0.01)
66 and more Reference (1)
Race:
White Reference (1)
Black 1.102 (0.919-1.321, 0.295)
Hispanic 0.985 (0.767-1.263, 0.903)
Rest 1.771 (1.496-2.095, < 0.01)
Obese 0.966 (0.870-1.073, 0.516

)
)

Hypertension

Diabetes 1.276 (1.145-1.421, < 0.01)

(

0.800 (0.675-0.949, 0.010
(
(

Supraventricular 1.005 (0.733-1.377, 0.977)

tachycardia

Ventricular tachycardia  2.937 (2.567-3.360, < 0.01)

Paroxysmal atrial 0.976 (0.849-1.123, 0.735)

fibrillation

Ventricular fibrillation ~ 9.847 (8.453-11.471, < 0.01)

Several studies have confirmed that OSA can pro-
voke a rise in both systolic and diastolic pressures.
While OSA episodes tend to occur at night, several
patients have reported higher blood pressure even

L 5

| T T TTTT Ili T
0.1 1 10 100
aOR

Figure 2. Risk factors of death in OSA patients admitted with AMI
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during the day [24]. Hypoxemia and hypercapnia
during episodes of OSA can trigger a rise in sym-
pathetic activation, leading to higher levels of cat-
echolamine [25]. The lower mortality seen among
hypertensive OSA patients than non-hypertensive
OSA patients in both AIS and AMI groups in our
study could be linked with the early prevention
methods and blood pressure medications that
the patients may have been on. The use of CPAP
among OSA patients can help them reduce their
blood pressure, which could also contribute to
a better long-term outcome [26].

During an OSA episode, the patient usual-
ly experiences a low level of oxygen and a high
level of carbon dioxide, which triggers several
humoral and neuroendocrine feedback pathways
to provoke several changes [27]. Gami et al. and
Javaheri et al. both found a strong risk of atrial
fibrillation in OSA patients, and similar results
were obtained in our studies as OSA patients with
AMI and AlIS reported a higher incidence [28-30].
A higher mortality risk was also noted among the
AlS cases in our study. We also noted a higher in-
cidence of ventricular tachycardia in AlS patients,
while the mortality in OSA patients with ventric-
ular tachycardia was higher in both AIS and AMI
groups. Lower incidence of ventricular fibrillation
but higher mortality in OSA patients with ventric-
ular fibrillation were seen among those with AMI.
In a similar study, Salama et al. hypothesized that
ventricular tachycardia may not be an essential
factor for having ventricular fibrillation among
OSA patients, but the causality is not fully under-
stood [31]. Finally, a lower incidence of SVT was
observed in our study among the AIS group, which
could be linked to the reduction of SVT seen in
OSA patients using CPAP [32].

While HCUP’s NIS allowed us to evaluate the
patient characteristics and their outcomes follow-
ing an AMI or AIS hospitalization, the study has
several limitations. The database did not classify
the severity of OSA in our sample group. Further-
more, we were unable to provide a follow-up for
the patients who were discharged alive in the
study, to rule out any post-discharge mortality or
readmission leading to mortality.

In conclusion, while an overall lower mortality
rate was seen among OSA patients following ad-
mission for AMI or AlS, the patients had several
comorbidities that should be carefully managed
to prevent a worse outcome.
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