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Objective: To determine the prevalence of sleep apnea in
morbidly obese patients and its relationship with cardiac
arrhythrmias.

Research Methods and Procedures: Fifty-two consecuuve
morbidly obese (body mass index = 40 kg/m?) outpatients
from the Obesity Clinic of the National Institute of Nutrition
Salvador Zubirdn underwent two nights of polysomnogra-
phy with standard laboratory techniques. ‘Electrocardio-
graphic polysomnography signals (Lead II) were evaluated
by two experienced cardiologists, and sleep complaints
were measured with a standard sleep questicnnaire (Sleep
Disorders Questionnaire). In order to make comparisons
between groups with different severities of sleep-disordered
breathing, we classified the patients in four groups using
the apnea-hypopnea index (AHI): Group 1, AHI 5 < 15
(n = 10); Group 2, AHI 15 < 30 (r = 10); Group 3, AHI
30 < 65 (n = 14); Group 4, AHI = 65 (n = 17).
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Results: A wide range of sleep-disordered breathing, rang-
ing from AHI of 2.5 1o 128.9 was found. Ninety-cight
percent of the sample (z = 51) had an AHI = 5 (mean =
51 = 37), and 33% had severe sleep apnea with AHI = 65
with a mean nocturnal desaturation time of <<65% over 135
minutes. Blectrocardiographic abnormalities were present in
31% of the patients. Cardiac rhythm alterations showed an
association with the level of sleep-disordered breathing and
oxygen desaturation.

Discussion: We conclude that there is a high prevalence of
sleep apnea in morbidly obese patients and that the risk for
cardiac arrhythmias increases in this population in the pres-
ence of a severe sleep apnea (AHI = 65) with severe
oxygen desaturation (Sag, = 65%).

Key words: obstructive sleep apnea syndrome, massive
obesity, cardiac rhythm disturbances, oxyhemoglobin
desaturation

: Introduction

It is known that obese patients have compromised respi-
ratory function while awake and upright and that their
ventilatory function may become worse when they assume
the supine position and even more deteriorated when they
sleep (1). Sleep apnea is well known to be associated with
obesity (2—4) and is characterized by repetitive occlusion of
the upper airway during sleep. The main symptoms of the
obstructive sleep apnea (CSA} are heavy snoring, excessive
daytime somnolence, and disturbed sleep.

Several mechanisms have been suggested to explain the
relationship between obesity and sleep apnea, including
alterations in upper airway structure {perhaps caused by fat

deposition in the neck (5)), alterations in upper airway

function, alterations in the balance between ventilatory
drive and load, and obesity-induced hypoxemia (6). Regard-
less of the mechanism, it has been well documented that




Sleep Apnea and Cardiac Arrhythmias in Obesity, Valencia-Flores et al.

either medical or surgical weight reduction can have a
substantial ameliorative impact on OSA (7-9).

Long-term complications of the sleep apnea include pul-
monary hypertension, cardiac arrhythmias, and heart failure
(10). Some investigators have suggested that cardiac ar-
rhythmias during sleep may be an important cause of death
in patients with OSA (11,12). Marked sinus bradycardia and
sinus arrest are the arrhythmias most commonly observed.
Tilkian et al. (13) observed ventricular tachycardia during
OSA in 13% of subjects and frequent ventricular premarure
depolarizations were present in 67% of the 15 studied
patients. Guilleminault et al. (14), in a larger sample with
400 patients, reported ventricular tachycardia in only 3% of
patients and ventricular premature depolarizations in 20%
of the sample. Shepard et al. (15) have reported marked
increase in frequency of ventricular premature depolariza-
" tions in sleep apnea patients whose arterial oxygen desatu-
ration fell below 60%. More recently, Flemons et al. {16)
evaluated the prevalence of cardiac arrhythmias in 76 pa-
tients undergoing polysomnographic study for the evalua-
tion of suspected OSA. They found a low prevalence of
cardiac arrhythmias and no differences between patients
with and without sleep apnea. These authors suggested that
such inconsistencies across studies in the reported preva-
Ience of cardiac arrhythmias result from differences in the
severity of OSA.

The aim of the present study was to determine the prev-
alence of sleep apnea in morbidly obese patients and to
examine cardiac rhythm disturbances in patients with dif-
ferent severity of OSA or apnea-hypopnea index (AHY),

Research Methods and Procedures

Patients .

Patients were derived from the Obesity Clinic of the
National Institute of Nutrition Salvador Zubirdn (INNSZ).
The INNSZ is a major tertiary referral care center for all
medical specialties in Mexico City. The Obesity Clinic is an
INNSZ division dedicated to the comprehensive care and
research of overweight individuals, staffed by endocrinolo-
gists, nutritional scientists, dieticians, and exercise physiol-
ogists. A total of 102 consecutive outpatients were asked to
participate in the study, which was conducted in the Sleep
Clinic of the Department of Neurology at the INNSZ. The
study was approved by the local ethics commitiee, and all
patients gave informed consent. Endocrinologists from the
Obesity Clinic referred patients to the Sleep Clinic on the
basis of the presence of obesity (body mass index [BMI] =
30 kg/m?, as defined by the World Health Organization
{17)) and if they had symptoms of sleep apnea (snoring and
excessive daylime sleepiness), or if they presented dyspnea,
edema, and cyanosis. Eighteen referred patients did not
accept referral to the Sleep Clinic. Thirteen more patients
accepted referral but did not agree to stay overnight for two

conseculive nights. Nineteen studied patients were excluded
from this analysis because their BMI was <40 kg/m? and
thus did not meet the criteria for morbid obesity. Fifty-two
patients with morbid obesity, defined by a BMI = 40 kg/m?,
comprised the final sample of the sindy and consisted of 39
women and 13 men, with a mean age of 40 3= 12 years and
mean BMI of 51 = 9 (range, 40 to 80 kg/m?). Twenty-three
patients were taking antihypertension medication, 12 non-
steroidal anti-inflammatory drugs, 8 thyroid replacement, 2
metoclopramide, 3 were receiving diuretics, and 14 received
no medication at afl. Concomitant medical conditions were
hypertension (n = 27) (defined by systolic blood pressure =
140 mm Hg, diastolic = 90 mm Hg, or use of antihyper-
tension medication); diabetes mellitus (2 = 20) (following
criteria from the Expert Committee on the Diagnosis and
Classification of Diabetes Mellitus (18)); Cushing’s syn-
drome (n = 1) (diagnosed by 24-hour urinary-free cortisol
assay and the low-dose, high-dose dexamethasone suppres-
sion test); hypothyroidism (n = 8) (defined by Thyroid-
stimulating hormone > 5.0 mU/liter or usage of thyroid
replacement); and hypercholesterolemia (n = 2) (total cho-
lesterol > 240 mg/dL. and LDL-C > 160 mg/dL). Sevenieen
patients had multiple diagnoses, and 11 patients had no
other medical condition.

Study Design and Polysomnography

The evaluation consisted of two nights of polysomno-
graphic recording. All recordings were made on an ultrasom
workstation (Nicolet Biomedical, Madison, WI) at an em-
ulated paper speed of 10 mim/second and consisted of si-
multaneous monitoring of the electroencephalogram (C3/
A2, 02/A1), clectrooculogram, surface mentalis and
anterior tibialis' electromyogram, and electrocardiogram
(EKG) (Lead II). Quantitative evaluation of sleep stages
was made visually with conventional Rechtschaffen and
Kales (19) criteria with 30-second epochs for rapid eye
movement (REM) and stages of non-REM (NREM) sleep.
The number of awakenings was scored as the number of
times that at least one 30-second epoch of wakefulness was
scored after sleep onset. Except as noted below, all data
were averaged across the two recording nights. Respiratory
movements were monitored using piezoelectric bands for
thoracic and abdominal effort. Oral/nasal airflow was mon-
itored by a four-bead thermistor system. Oxygen saturation
was recorded with an ear pulse oximeter, expired (end-tidaf)
CO, was measured with capnography (Capnograph/Oxime-
ter BCI-9000), and sampling was done by applying nasal
prongs, consisting of a two-channel plastic tube, to the
nostrils. The number of abnormal breathing events per hour
of sleep was quantified as the AHI (apneas and hypopneas
per hour of sleep). Apnea was defined as a decrease in
respiratory airflow below 20% of the steady-state amplitude
preceding the breathing event. Hypopnea was defined as a
reduction in respiratory airflow between 20% and 50%. The
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index or number of oxygen desaturations below 50%, 80%,
and 65% per hour of sleep (Sao, < 90% index, Sa0, < 80%
index, and Sao, < 65% index, respectively) and the cumu-
lative cxygen desaturation (<X 90%, < 80%, < 65%) times
{in minutes) were also quantified. Apneas were considered
central if there was cessation of respiratory effort for at least
10 seconds and obstructive if there was cessation of orona-
sal airflow for at least 10 seconds despite persistent respi-
ratory effort. To make comparisons between groups with
different severities of sleep-disordered breathing, we
classified the patients in four groups (see Table 1):
Group 1, AHL 5 < 15 (r = 10); Group 2. AHI 15 < 30
(n = 10); Group 3, AHI 30 < 65 (» = 14); Group 4,
AHL = 65 (n = 17).

EKG signals of the second night of recording were ana-
lyzed visually on the display monitor by two experienced
cardiologists who were blinded to the clinical and polysom-
nographic features of the patients. The EKG analysis in-
cluded a display of the EKG signal with no simuiltaneous
display of electroencephalogram signals, airflow, or respi-
ratory effort. Periodic limb movements were scored accord-
ing to Coleman’s criteria (20): a movement was scored
when it occurred as part of a series of four consecutive
movements that were separated by at least 4 but not more
than 90 seconds, with a duration between 0.5 to 5 seconds.

A patient was considered to have periodic limb movements

(PLM) (or nocturnal myoclonus) when the index (PLMI)
(number of PLMs per hour of sleep) was =3.

Sleep Complainis
The Sleep Disorders Questionnaire (SDQ) has been
shown to be a reliable instrument for supporting a diagnosis

in patients suspected of having sleep apnea, narcolepsy,
psychiatric, or PLM disorders (21). We used the SDQ items
o determine the frequency of various symptoms of sleep
apnea and other sleep disorders in morbidly obese patients.
All patients completed the SDQ afler the first night of
polysomnographic recording.

Results

Table I shows the anthropometric characteristics of the
patients in each severity apnea group. The anthropometric
variable that best discriminated among the four groups was
neck circumference.

A wide range of sleep-disordered breathing, with AHIs
ranging from 2.5 to 128.9, was found. Ninety-eight percent
of the sample {n = 51) had an AHI level of =5 (mean =
51 = 37), and 65% of the sample (n = 34) had at least one
oxygen desaturation below 65% (Sa0, < 65%). Hypercap-
nia, defined as an awake end-tidal carbon dioxide concen-
tration > 45 mm Hg coexisted with sleep apnea in 23% of
the patients (n = 12). These patients demonstrated a mean
awake Sao, of Bl * 5%, an awake end-tidal CO, of 50 =
5 mm Hg, and an AHI of 61 £ 32

Changes in sleep architecture were associated with sever-
ity of sleep apnea. The number of awakenings, arousals, and
stage transitions increased as the AHI increased. Light sleep
(Stage 1) increased at the expense of delta and REM sleep
as AHI increased. Table 2 shows the mean value of two
nights of polysomnographic recording for the sleep vari-
ables. Table 3 shows the blood gas values for each apnea
group. The severe sleep apnea group (ABI = 635) had more
than 5 hours of severe oxygen desaturation during the

Table 1. Anthropometric characteristics of morbidly obese patients with sleep apnea

Group 1, AHI 5 < 15 Group 2, AHI 15 <30 Group-3, AHI 30 < 65 Group 4, AHI = 65

Characteristic (n=10) n=10 (n=14) (n=17)
Age (years) 39.9 +10.6 393+ 122 40.6 £ 14.6 39596
Sex (women/men) 9N 82 10/4 11/6
BMI (kg/m?) 489 + 6.7 50.5 =105 534 = 104 521 *9.6
Neck circumiference (cm) 426=31 43254 437+41 470 = 34%
Thorax {cmy) 123.6 = 6.6 1304 = 13.5 1285 £ 97 1296 7.1
Waist (cm.) 129.2 £ 169 144.8 +24.0 1384 = 19.7 128.7 £ 14.7F
Hip (cm) 146.4 = 14.1 153.0 = 20.5 1519 £ 188 138.8 = 17.9%
‘Waist-to-hip ratio 0.9 0.1 09*+0.1 09x01 0901

Data represent mean * SD. F values refer to results of one-way ANOVA across four groups.
* F = 706, p < 0.0002, Scheffé multiple comparison test: Group 4 > Groups 1-3.

t F =292, p < 0.04, Scheffé multiple comparisen test did not differ among groups.

+ F = 2.75, p < (.05, Scheffé multiple comparison test did not differ among groups.
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polysomnographic recording, and they spent nearly half of
this time with an oxygen saturation of <65%.

Patients with an AHI = 65 complained more of snoring

“and bothering others by loud snoring as well as falling
asleep accidentally in situations that require mild to mod-
erate attention (Table 4). Spearman correlations between
complaints and measures of AHI and Sao, < 65% index,
respectively, were as follows: SDQ item 20 (tho = 0.33,
p < 0.002; tho = 047, p < 0.0001); SDQ item 21 (tho =
0.46, p < 0.0001; rho = 0.39, p < 0.0001); SDQ item 56
(tho = 0.39, p < 0.008; tho = 0.50, p < 0.0003). There
were no statistically significant differences between the
groups in the reported number of work (mean 1.2 £ 0.8) or
car accidents (mean 1.4 = 1.0), which are SDQ} items 156
and 157, respectively (1 = none, 2 = one, 3 = two, 4 =
three, 5 = four or more accidents).

Cardiac rhythm disturbances were present in 31% of
the patients (Table 5). Cardiac rhythm alterations showed
an association with the level of sleep-disordered breath-
ing. In the case of ventricular arrhythmias, the prevalence
increased more than two times with the severity of the
apnea (Table 5; chi-square = 33.75, p <¢ 0.0001). Typ-

ically, a repetitive cyclical decrease and increase in heart
rate is observed in patients with OSA; in our morbidly
obese patients, marked bradycardia (defined as a heart
rate of less than 40 beats/minutes) was only present in
less than 6% of the patients. Table 6 shows the heart rate
for each apnea group.

Discussion

Qur data showed that OSA has an exceedingly high
prevalence (98%) in morbidly obese patients referred to
a Sleep Disorders Clinic, and it is severe in 32.7% of the
cases (AHI = 65 and extended oxygen desaturation, Sao,
< 65% for 135 minutes). Hypercapnia (awake end-tidal
CO, > 45 mm Hg)} coexisis with OSA in less than 25%
of the patients. Peiser et al. (22), in a populaiion of
morbidly obese patients scheduled for gastric surgery
with complaints of excessive daytime sleepiness, loud
and disturbing snoring, and restless sleep, confirmed
polysomnographic OSA in 90% of the suspected patients;
they estimated about 30% of the adult morbidly obese
men suffer from OSA. In a subsequent study from the

Table 2. Sleep variables in morbidly obese patients with sleep apnea

Group 1, Group 2, Group 3, Group 4,

AHIS < 15 AHI 15 < 30 AHI 30 < 65 AHI = 65
Variables n=10) n=10) (n =14} n=17
Total sleep time {minutes) 370.1 = 76.0 388.6 & 43.1 365.3 = 66.6 401.5 = 58.8
% Sleep efficiency 833 %139 86.5 £ 9.1 827 =118 g8.8 6.8
Sleep latency (minutes) _ 6.5+ 10.5 8.6 6.9 5854 Jex54
REM sleep latency (minutes) 117.6 = 599 126.0 = 101.5 131.4 = 82.8 117.3 = 84.0
Awakenings <1 min ' 170 £ 8.0 17.7 + 8.3 19.5 £ 10.9 26.5 = 18.3%
Arousals 59+35 109 = 9.6 9.9 + 87 14.3 = 12,71
Stage transitions 167.9 = 40.5 159.6 + 38.1 169.3 = 46.3 213.9 = 77.6%
% Awake 13.1 =127 10.7 £ 8.4 175 171 99+6.1
% Stage 1 104 = 3.6 126 £ 4.6 139+ 68 22.0 + 12.88
% Stage 2 414 +972 475279 443 + 10.0 51.8 £ 13.59
% Stage 3 and 4 19.7 £ 7.7 11974 13571 6.0 = 5.4%#*
9% REM stage 126 =52 145 £ 6.2 11.5+52 8.9 = 3.8%T
PLMI 70+179 13.8 = 145 14.8 = 23.2 25.6 = 28.1%%

Data represent mean * SD. F values refer to results of one way ANOVA across four groups.
* F = 3.14, p < 0.03, Scheffé multiple comparison test did not differ between the groups.

t F = 3.16, p < 0.03, Scheffé test: Group 4 > Group 1; p < 0.04,

T F =542, p < 0.002, Scheffé test: Group 4 > Groups 1-3; p < 0.05.
§ F = 9.76, p < 0.00001, Scheffé test: Group 4 > Groups 1-3; p < 0.002.

q F = 4.54, p < 0.006, Scheffé test: Group 4 > Group 1; p < 0.02.

#* = 17.88, p < 0.0001, Scheff€ test: Group 4 < Groups 1-3; p < 0.02.
Tt F = 4.67, p < 0.003, Scheffé test: Group 2 > Groups 1,3,4; p < 0.008.
it F = 3.48, p < 0.02, Scheffé test: Group 4 > Group 1; p < 0.03.
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Table 3. Oxygen saturation level (Sa0,) in percent measured by ear oximetry and end-tidal carbon dioxide
- concentration (ETCO,) in morbidly obese patients with sleep apnea

Group 1, " Group 2, Group 3, Group 4,
AHI5 <15 AHI 15 < 30 AHI 30 < 65, AHI = 65
Parameters (n = 10) (rn = 10) n=14) n=17)
Awake :
Mean % Sao, 92.1 28 90.0 = 5.5 89.7 =47 82.8 = 9.3*
ETco, (mm Hg) 404 =53 388 +57 392x72 42.8 =92
Sleep
Mean % Sao, in NREM 89.1 =40 855+ 11.8 83.6 = 8.5 70.8 = 11.5%
ETco, (mm Hg) in NREM 40.6 £ 43 393 +59 0.1 =74 443 = 109
Mean % Sao, in REM 87.5x6.1 81.4 =127 725x129 59.5 + 12.9%
ETco, (mm Hg) in REM 422 %54 403 * 6.5 432 £ 8.8 46.1 = 12.6
Total time of oxygen 185.0 = 1455 190.8 = 115.0 225.8 = 98.0 3053 = 81.48
desaturation << 90% (minutes) .
Total time of oxygen 0.4 +009 29.8 = 81.9 34.3 £ 50.1 134.5 *= 101.59
desaturation < 65% (minutes) T
San, < 90% index 6249 9.7+99 135118 9.5 x 153
Sao, < 80% index 41+174 41 =77 13.9 + 13.9 15.4 £ 18.4%*
Sao, < 65% index 0307 46114 13.3 £20.3 41.5 = 29.517

Dyata represent mean * SD. F values refer (o results of one-way ANOVA across four groups.

* F = 10.81, p < 0.0001, Scheffé test: Group 4 < Groups 1-3; p << 0.003.

+ F = 18.93, p << 0.0001, Scheffé test: Group 4 < Groups 1-3; p < 0.0001.

+ F=28.29, p < 0.0001, Scheffé test: Group 4 < Groups 1-3; p < 0.0001; Group 3 < Group 1, p < 0.0001.
§ F = 7.45, p < 0.0002, Scheff test: Group 4 > Groups 1,2; p < 0.004.

q F = 17.82, p < 0.0001, Scheffé test: Gronp 4 > Groups 1-3; p < 0.0001.

wk f = 484, p << 0,004, Scheffé test: Groups'1,2 << Group 4; p < 0.05.

1 F = 22.49, p < 0.0001, Scheifé test: Group 4 > Groups 1-3; p < 0.0001.

same investigators, reporting on a small sample of 17
obese patients evaluated using polysomnography before
gastric bypass surgery, Charuzi et al. (23) estimated a
much lower prevalence of sleep apnea (12% for men and
0.3% for women). Rajala et al. (24) reported a higher
OSA prevalence (40.7%) in 27 morbidly obese patients
with BMI > 40 kg/m® In this sample OSA was more
common among men (76.9%) than women (7.1%). Un-
fortunately, other polysomnographic data, aside from the
oxygen desaturation index, were not provided. In a more
complete report in which one night of polysomnography
wasg carried out in 250 patients with a diagnosis of obesity
(BMI = 27.8 kg/m?) (25), the frequency of severe sleep
apnea in the morbidly obese patients (BMI = 39 kg/m?)
was approximately two times the frequency in the se-
verely obese patients (BMI 35 to 39 kg/m?) for both
men and women (50% vs. 20% for men; 3.5% vs. 2.4%
for women). .

Unlike these other studies, in our study in patients with

BMI = 40, only one woman of 39 did not have sleep apnea

266 OBESITY RESEARCH Vol. 8 No. 3 May 2000

{AHI < 5). When we applied the definition of an apnea index
of 5 to define sleep apnea instead of the combined index of
apnea and hypopnea, the prevalence of OSA was reduced
somewhat for the women to 59% (23/39) but not for the men,
where it remained the same (100%, 13/13). Nonetheless, the
overall prevalence of sleep apnea in women remains consid-
erably higher in our data than in those of other investigators.
The difference in our data relative to other reports could be due
to several factors. For example, previous studies included
patients with lower overall BMI and did not control for body
weight across different levels of sleep apnea, as we did.
Another possibility is that differences in the definition of
sleep-disordered breathing may have played a role, i.e., some
studies reported only an apnea index rather than the AHL In
our data, however, altering this definition did not impact upon
the relatively high prevalence of sleep apnea in the
obese women.

In our study, neck size, rather than BMI or waist-to-hip
ratio, was closely associated with sleep apnea. These data
allow us to extend to the morbidly obese population previous



Sleep Apnea and Cardiac Arrhythmias in Obesity, Valencia-Flores et at.

Table 4. Sleep complaints in morbidly obese patients with sleep apnea

AHI
Group-1 Group-2 Group-3 Group-4
SDQ items 5<158 15<30 30 < 65 =65
SDQ item 20: I snore in my sleep. 34*x14 3311 3816 4,5 £ 0.9%
SDQ item 21: [ am told I snore loudly and bother others. 22116 22*15 29*+13 4.0 = 1.2¢
SDQ item 56: In the past 6 months, I have fallen asleep 2414 23=1.0 2614 39+ 1.2%

accidentally in some of these situations: eating a meal,
talking on the phone, talking to scmeocne, riding in a
bus or car, watching TV, at a theater, reading a book,
or at a lecture.

Scale is as follows: 1 = never, 2 = rarely, 3 = sometimes, 4 = usually,
of one-way ANOVA across four groups.

* =471, p < 0.005, Scheffé test: Group 4 > Groups 1-3; p < 0.05.
+ F =9.75, p < 0.0001, Scheffé test: Group 4 > Groups 1-3; p < 0.05.
1 F = 4.25, p < 0.02, Scheffé test: Group 4 > Groups 1-3; p < 0.05.

5 = always. Data show the mean = SD. F values refer to results

findings suggesting that obesity mediates its effects on sleep-
disordered breathing primarily through fat deposition in the
neck (5).

Maislin et al.' (26), using an index from respondents’
self-reports of the frequency of loud snoring, breathing
cessation, and snorting and gasping, found that this symp-
tom frequency index was useful in discriminating patients
with and without sleep apnea only if the patient was not

extremely obese (i.e., BMI < 40 kg/m?), In individuals who
had a BMI > 40 kg/m? and had a high risk for sleep apnea
(higher than 80%), sleep apnea symptoms were not predic-
tive of who did or did not have sleep apnea. By contrast, we
have reported that the complaints of snoring and sleepiness
(SDQ items 20, 21, and 56) increased as the level of
sleep-related breathing disorder increased in morbidly
obese patients.

Table 5. EKG abnormalities during sleep in morbidly obese patients with sleep apnea

AHI < 65 AHI = 65 % Total

Cardiac abnormalities (n = 34)* (n=177% (n =51)
Without abnormalities 25 (73.5) 10 (58.8) 68.6
Sinus arthythmia 4 (11.8) 4 (23.5) 15.7
Ventricular arrhythmias 5147 6 (35.3) 21.6
Ventricular premature complexes 4 (11.8) 4 (23.5) 15.7
Tachycardia 1 (2.9} 2 (11.8) 5.9
Supraventricular arrhythmias 3 (8.8) 4 (23.5) 13.7
Supraventricular premature complexes 2 (5.9) 4 (17.7 98
Tachycardia 129 1 {59 3.9
Ischemic segment alterations 1{2.9) 4 (23.5) 9.8
Wandering pacemaker 0 (0.0) 1(5.9) 2.0

Values are number of patients. Numbers in parentheses, %. For comparison of groups for any arthythmias, chi-square = 33.75, df = 5,

p << 0.0001.
# In four patients more than one EKG abnormality was present.
7 In four patients more than one EKG abnormality was present.
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Table 6. Heart rate in morbidly obese patients with sleep apnea

Wake and sleep state Group 1,5 < 15

Group 2, 15 < 30

Group 3, 30 < 65

Group 4, =65

Awake (beats/minute)

Minimum 5377+x92

Maximum 91296

Mean 732296
NREM sleep (beats/minute)

Minimum 521x79

Maximum 91.8 £ 123

Mean - 72.6 £ 10.1
REM sleep (beats/minute)

Minimum 541 83

Maximum 90.0 = 12.5

Mean - 72.9 + 10.1

5373+ 11.6 546 =91 558 £ 16.2
949 =116 99.5 £ 9.5 103.5 = 11.7*
76.8 £ 10.2 79.9 £ 10.3 - 863 = 1L.8¢
531 x11.1 519 x99 50.2 + 14.7
953 £ 10.7 103.4 = 8.6 106.6 = 15.2%
759 +11.1 79.0*=11.0 86.0 = 13.38
54.5 £13.1 532 +96 53.5 £ 16.3
942 = 9.9 102.3 * 3.8 105.6 = 14.21
75.6 =113 81.1 =10.5 88.2 = 13.3%+

Data represent mean *+ SD. F values refer to results of one-way ANOVA across four groups. 7

* = 502, p < 0.001, Scheffé test: Group 4 > Group 1; p < 0.003.

t F = 6.72, p < 0.0004, Scheffé test: Group 4 > Groups 1,2; p < 0.04.
1 F = 9.81, p < 0.0001, Scheffé est: Group 1 < Groups 3.4; p < 0.03, Group 2 < Group 4, p<0.02.
§ F = 6.35, p < 0.0006, Scheffé test: Group 4 > Groups 1,2; p << 0.04.
I F = 9.14, p < 0.0001, Scheffé test: Group 4 > Groups 1,2; p < 0.02.
¢ F'= 891, p < 0.0001, Scheffé test: Group 4 > Groups 1,2; p < 0.004.

We found that cardiac arrhythmias were prevalent in
morbidly obese patients with severe OSA (AHI = 63) in
whom oxygen saturation was below 65%, on average, for
more than one third of the sleep time. Previously some have
guestioned whether there is a relationship between sleep
apnea and cardiac arrhythmias (16,27). Flemons et al. (16),
in a prospective study of consecutive patients referred to a
Canadian sleep clinic, demonsirated that sleep apnea does
not confer an increased risk for cardiac arrhythmias for most
of the 76 apnea patients with AHI > 10 studied. These
results were obtained even though those patients with sleep
apnea were somewhat older, more obese, and more likely to
be hypertensive than were patients without sleep apnea. In
that study, the prevalence of any type of cardiac arrhyth-
mias was very low, and it did not differ significantly
between patients with sleep apnea and controls without
apnea. In contrast with the report of Flemons et al.,
previous studies have noted a high prevalence of cardiac
arrhythmias in patients with sleep apnea, ranging from
48% to 74% (14,15). It has been argued that such dis-
crepant results can be explained in terms of selection bias
{(inclusion of subjects with more severe sleep apnea and
more significant underlying disease) and the absence of a
control group (16} or the presence of confounding factors
such as age and obesity in the earlier studies (27). In this
study we compared subgroups of morbidly obese patients
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of the same age and body weight but with different
severity of sleep apnea and found that the prevalence of
cardiac arrhythmias was related to the severity of sleep
apnea. Our data provide evidence that sleep apnea, when
severe (AHI = 63, with extended oxygen desaturation
Sa0, < 65%), is associated with a greater likelihood of
cardiac arrhythmias.
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