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Rationale: Sleep-disordered breathing recurrent intermittent hyp-
oxia and sympathetic nervous system activity surges provide the
milieu for cardiac arrhythmia development.

Objective: We postulate that the prevalence of nocturnal cardiac
arrhythmias is higher among subjects with than without sleep-
disordered breathing.

Methods: The prevalence of arrhythmias was compared in two sam-
ples of participants from the Sleep Heart Health Study frequency-
matched on age, sex, race/ethnicity, and body mass index: (1) 228
subjects with sleep-disordered breathing (respiratory disturbance
index = 30) and (2) 338 subjects without sleep-disordered breath-
ing (respiratory disturbance index < 5).

Results: Atrial fibrillation, nonsustained ventricular tachycardia, and
complex ventricular ectopy (nonsustained ventricular tachycardia
or bigeminy or trigeminy or quadrigeminy) were more common
in subjects with sleep-disordered breathing compared with those
without sleep-disordered breathing: 4.8 versus 0.9% (p = 0.003)
for atrial fibrillation; 5.3 versus 1.2% (p = 0.004) for nonsustained
ventricular tachycardia; 25.0 versus 14.5% (p = 0.002) for complex
ventricular ectopy. Compared with those without sleep-disordered
breathing and adjusting for age, sex, body mass index, and preva-
lent coronary heart disease, individuals with sleep-disordered
breathing had four times the odds of atrial fibrillation (odds ratio
[OR], 4.02; 95% confidence interval [CI], 1.03-15.74), three times
the odds of nonsustained ventricular tachycardia (OR, 3.40; 95%
Cl, 1.03-11.20), and almost twice the odds of complex ventricular
ectopy (OR, 1.74; 95% Cl, 1.11-2.74). A significant relation was
also observed between sleep-disordered breathing and ventricular
ectopic beats/h (p < 0.0003) considered as a continuous outcome.
Conclusions: Individuals with severe sleep-disordered breathing
have two- to fourfold higher odds of complex arrhythmias than
those without sleep-disordered breathing even after adjustment
for potential confounders.
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Patients with sleep-disordered breathing (SDB) may be predis-
posed to arrhythmias because of alterations in sympathetic and
parasympathetic nervous system activity occurring with SDB-
associated hypoxemia, acidosis, apneas, and arousal (1-3). Mech-
anisms of arrhythmogenesis involve abnormal automaticity, trig-
gered automaticity, and reentry mechanisms. Abnormal automa-
ticity involves spontaneous cardiac impulse formation and may
occur in SDB due to hypoxemia and respiratory acidosis accom-
panying apneic events (4). Triggered automaticity, pacemaker
activity due to a stimulated action potential, may arise in SDB
due to enhanced sympathetic nervous system activity associated
with respiratory event-related hypoxemia and arousal (5). Reen-
try mechanisms may occur through the vagal stimulation that
results from respiration against a partially occluded airway,
which may lead to bradycardia-dependent increased dispersion
of atrial repolarization predisposing to intraatrial entry (5-7).
Also, SDB-related mechanical effects of negative intrathoracic
pressure on the atrial and ventricular free walls promote cardiac
stretch, which may predispose to arrhythmias via mechanical-
electrical feedback mechanisms (8).

Despite the biological plausibility for SDB-associated hypo-
xemia, arousals, and autonomic nervous system dysregulation
causing generation of abnormal cardiac electrophysiologic im-
pulses, only limited research has rigorously characterized the
association between SDB and cardiac arrhythmias. We hypothe-
sized that the prevalence of atrial fibrillation and clinically sig-
nificant ventricular arrhythmias would be increased with SDB,
even after adjusting for potential confounders. In the present
investigation, we took advantage of standardized data collection,
including electrocardiogram (ECG) data collected during an
overnight sleep study, from a large community-based study to
examine the association between SDB and cardiac arrhythmias.
Some of the results of these studies have been previously re-
ported in the form of an abstract (9).

METHODS

Subjects and Study Design

The Sleep Heart Health Study (SHHS) is a multicenter longitudinal study
of 6,441 participants from existing cohorts, aged = 40 yr, designed to
determine the cardiovascular consequences of SDB. The design and
objectives of SHHS, and detailed descriptions of its member cohorts,
protocols, and quality-control procedures, have been published (10, 11).
The SHHS baseline examination was conducted between December 1995
and January 1998 (12). Between 2001 and 2002, all of the original 6,441
participants who were alive and able to be contacted were invited to
participate, except for 99 on continuous positive airway pressure ther-
apy. A total of 3,295 agreed to participate in a follow-up exam, which
included an overnight polysomnogram (PSG). ECG data for the present
analysis were derived during the sleep period from this second PSG,
which included lead I bipolar ECG sampled at 250 Hz, a higher fre-
quency than on the baseline PSG.

Because ECG data collected during the PSG needed to be reproc-
essed and analyzed for this analysis using ECG-specific software,
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efficiency was optimized by using a nested group-matched exposed and
nonexposed design. Exposed subjects were defined as those with a
Respiratory Disturbance Index (RDI) = 30 (SDB), and nonexposed
as individuals with an RDI < 5 (non-SDB). Subjects were eligible for
inclusion in the “exposed” and “nonexposed” groups if their body mass
index (BMI) was between 18 and 40 kg/m?, no use of continuous positive
airway pressure was reported, and data were technically satisfactory
for the proposed analyses. All “exposed” subjects who met eligibility
criteria were included (n = 228). Subjects were selected for the non-
SDB group from among the 721 subjects with an RDI < 5 who met
eligibility criteria. Group frequency matching to obtain covariate distri-
butions for age (* 2 yr), sex, race/ethnicity, and BMI = 2 kg/m?, which
were balanced with respect to the exposed (SDB) group, yielded a
“nonexposed” sample of 338 subjects.

Assuming an arrhythmia prevalence of 10% in the non-SDB group,
the study had 88% power to detect a minimum of a twofold increase in
prevalence. Ethics approval was obtained from the institutional review
board of each SHHS site and coordinating center. Written, informed
consent for participation in the SHHS was obtained for all individuals.

Sleep Data

Twelve-lead unattended overnight PSG was accomplished with Com-
pumedics PS (Melbourne, Australia) equipment. Sleep data were cen-
trally scored, as described previously. The RDI is the number of apneas
plus hypopneas per hour of sleep. The scoring reliability for the RDI
was excellent, as reported (13).

Covariate Data

Covariate data included the following: demographic variables: age, sex,
BMI, race/ethnicity; cardiovascular disease (CVD) risk factors: hyper-
tension, diabetes mellitus, total cholesterol and high-density lipoprotein
levels, and smoking status; and CVD manifestations: angina, coronary
heart disease, congestive heart failure, pacemaker placement, and other
cardiac surgery. CVD medications were also considered as covariates.

Outcome Measures

ECG data were analyzed using ECG interpretation software (Somté;
CompuMedics). All ECG data were manually reviewed by two observ-
ers blinded to respiratory events, with arbitration by an electrophysiolo-
gist for any questionable event categorization. ECG data were scored
as supraventricular, ventricular ectopic, or normal beats. P-R interval
assessments were made using software-based calipers for atrioventricu-
lar block evaluation. Ventricular arrhythmias included: premature ven-
tricular contraction, bigeminy, trigeminy, quadrigeminy, nonsustained
ventricular tachycardia (defined as = 3 consecutive ventricular ectopic
beats with an average rate = 100 beats/min), and a summary variable
including all complex ventricular ectopy (i.e., bigeminy, trigeminy,
quadrigeminy, or nonsustained ventricular tachycardia). Atrial arrhyth-
mias identified were as follows: premature atrial contraction, supraven-
tricular tachycardia, and atrial fibrillation. Conduction delay arrhyth-
mias were coded as first-, second-, and third-degree atrioventricular
block; intraventricular conduction delay; and sinus pause (= 3 s). Ar-
rhythmias were coded as present or absent (for dichotomous outcomes)
or as continuous measures (number per hour of sleep). The estimated
intraclass correlation coefficients for the two observers for a random
sample of 20 sleep studies were 0.99 and 0.98 for ventricular ectopic
and supraventricular beats, respectively.

Statistical Analysis

Arrhythmia subtypes (ventricular, atrial, and conduction delay) were
analyzed as dichotomous outcomes using multiple logistic regression
models. SDB was considered the main exposure, and covariates in-
cluded age, BMI, sex, and coronary heart disease. For complex ventricu-
lar ectopy, which occurred at sufficient frequency to allow multivariable
adjustments, a forward stepwise modeling approach was used to adjust
for possible confounding factors. Specifically, modeling was performed
first with demographic variables, then with addition of CVD risk factors,
and finally with CVD manifestations, retaining those that were signifi-
cant or otherwise affected the relationship between SDB and the out-
come. Interactions were constructed based on variables in the final
main effects model according to statistical and clinical significance.
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Atrial, ventricular, and conduction delay arrhythmias per hour were
also analyzed as continuous outcomes. Log-transformed values were
used in linear regression models and a similar modeling building ap-
proach was used as outlined previously.

RESULTS

Primary Analyses

The characteristics of the SDB and non-SDB groups are shown
in Table 1. Consistent with the study design, no sex or race
differences were observed between groups; however, the SDB
group was modestly older and had a higher BMI than the non-
SDB group. Although the group differences were statistically
significant, they were within the limits for selection. The SDB
group also had a statistically lower high-density lipoprotein level,
and a higher prevalence of hypertension, coronary angioplasty,
coronary artery bypass graft, and myocardial infarction than the
unexposed group.

Because the issue of considering CVD as a potential con-
founding factor versus an intermediate factor in the SDB-
arrhythmia pathway is controversial, results are presented for
analyses with and without adjustment for CVD. When consider-
ing arrhythmias as dichotomous outcomes, the following arrhyth-
mias were more common in the SDB than the non-SDB group:
atrial fibrillation, nonsustained ventricular tachycardia, complex
ventricular ectopy, bigeminy, and quadrigeminy (Figure 1 and
Table 2). As shown in Table 3, after adjusting for age, sex,
BMI, and prevalent coronary heart disease, compared with those
without SDB, individuals with SDB had four times the odds of
atrial fibrillation (odds ratio [OR], 4.02; 95% confidence interval
[CT], 1.03-15.74), three times the odds of nonsustained ventricu-
lar tachycardia (OR, 3.40; 95% CI, 1.03-11.20), and almost twice
the odds of complex ventricular ectopy (OR, 1.74; 95% CI,
1.11-2.74). Also, one-third of subjects (5 of 15) with atrial fibril-
lation had paroxysmal atrial fibrillation (i.e., atrial fibrillation
occurring for only a portion of the sleep record). There were
no significant differences between the two groups regarding con-
duction delay arrhythmias.

The frequency of complex ventricular ectopy (observed in
approximately 24 and 15% of individuals with and without SDB,
respectively) allowed for more detailed statistical modeling, with
consideration of additional covariates, including CVD risk fac-
tors, CVD manifestations, and interaction terms. There were no
appreciable changes in the odds ratios for the effect of SDB on
complex ventricular ectopy when including alternative sets of
covariates, including diabetes mellitus, hypertension, lipid pro-
file, and congestive heart failure (Figure 2). However, in the
best-fit final model, which included the covariates age and coro-
nary heart disease, a significant interaction between SDB and
age was identified. In this model, the OR for the association of
complex ventricular ectopy with SDB had a significant inverse
association with age (p = 0.002), with the OR (95% CI) falling
from 9.3 (2.8-30.6) at age 50 to 2.0 (1.3-3.1) at age 70 (Figure 3).

Similar results were obtained when arrhythmias were charac-
terized as continuous measures (i.e., arrhythmic events/h). Using
multivariable linear regression modeling, adjusting for alterna-
tive groupings of demographics, CVD risk factors, and CVD
manifestations, showed that SDB status was a significant pre-
dictor of ventricular ectopic beats/h (log-transformed) in all
models (Table 4). For example, in the final model, after adjusting
for age, race, triglyceride level, cholesterol, and heart failure,
the B coefficient for SDB was 0.56 (SE = 0.18, p = 0.001),
indicating that those exposed to SDB were estimated to have a
frequency of ventricular ectopic beats/h 75% (95% CI,24-147%)
larger than those without SDB. After excluding the atrial fibril-
lation studies, there was a nonstatistically significant trend in
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TABLE 1. SUBJECT CHARACTERISTICS BY SLEEP-DISORDERED BREATHING GROUP
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Exposed, SDB

Unexposed,

Characteristic (n= 228) No SDB (n = 338) p Value
Demographics
Age, y
Mean * SD 70.6 = 9.72 68.6 = 9.1 0.01%
Median 71 68
Range 46-98 46-91
BMI, kg/m?
Mean = SD 30.1 = 4.4 28.5 + 43 < 0.001*
Median 29.9 28.0
Range 18.7-40.0 18.3-39.8
RDI, events/h
Mean * SD 44.7 +13.1 2714 —
Median 41.0 2.8
Range 30.1-90.5 0-5.0
Sex,
Female, % 49.12 53.0 0.37
Cardiovascular Disease Risk Factors
Hypertension, % 58.6 39.7 < 0.0001"
Diabetes mellitus, % 19.3 13.6 0.11
Triglycerides, mg/dl 157.5 = 89.8 155.3 = 89.8 0.90
Median 137 123
Range 37-662 35-1528
Cholesterol, mg/dI 206.9 + 37.1 205.4 + 39.6 0.65
Median 206 206.0
Range 116-363 95-348
High-density lipoprotein, mg/dl 46.8 + 13.6 50.0 = 15.7 0.021
Median 45 48
Range 23-98 17-119
= 20 pack-yr smoking history, % 49.1 52.1 0.49
Cardiovascular Disease Manifestations
Angina, % 79 6.8 0.63
Coronary angioplasty, % 9.7 3.6 0.017
Coronary artery bypass graft surgery, % 7.0 33 0.06"
Myocardial infarction, % 13.2 6.8 0.017
Coronary heart disease, %* 20.2 11.0 0.002F
Heart failure, % 4.0 2.1 0.19
Stroke, % 4.4 4.1 0.89
Other cardiac surgery, % 6.6 3.0 0.04
Pacemaker placement, % 3.1 0.9 0.05

Definition of abbreviations: BMI = body mass index; RDI = Respiratory Disturbance Index; SDB = sleep-disordered breathing.
Continuous variable are expressed as mean = SD, median and range; categoric variables as %. Hypertension in this table is
defined only based on antihypertensive medication use.
Missing or unsure data: angina (15 unsure), myocardial infarction (6 unsure), stroke (4 unsure), coronary angioplasty (1 missing),
triglycerides (31 missing), high-density lipoprotein (31 missing), cholesterol (14 missing), diabetes mellitus (4 missing), hypertension
(4 missing), other cardiac surgery (3 unsure), heart failure (4 unsure), other cardiac surgery (3 missing), smoking (6 missing).
Unsure and missing data were considered as absence of the variable in question.
* Coronary heart disease is a composite variable representing history of myocardial infarction or coronary artery angioplasty or
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coronary artery bypass graft surgery.
" p value < 0.05.

both adjusted and unadjusted analyses for more supraventricular
beats/h in the SDB group (p values for SDB ranged from p =
0.13 for unadjusted to p = 0.14 for adjusted analyses).

Secondary Analyses

Within the SDB group only (i.e., RDI = 30), additional explor-
atory analyses were performed assessing whether an increased
odds (for dichotomous outcomes) or increased frequency of
arrhythmias (for continuous outcomes) was observed with in-
creasing severity of SDB as measured by RDI, arousal index,
and percentage of sleep time spent below 90% oxygen saturation.
Within this group of subjects with severe SDB, no evidence of
a dose-response relationship between any of these indices and
arrhythmia outcomes were observed across this severity range.
Further analyses were performed with sleep efficiency included
as a covariate in regression models of SDB and specific arrhyth-

mia type revealing no appreciable change in the strength of
SDB-arrhythmia associations.

DISCUSSION

Principal Findings

To our knowledge, this is the first epidemiologic study incorpo-
rating rigorous data collection from a large community-based
sample to evaluate the association between SDB and nocturnal
cardiac arrhythmias. Our primary analyses demonstrate a sig-
nificant increase in the prevalence of atrial fibrillation, nonsus-
tained ventricular tachycardia, and complex ventricular ectopy
among subjects with severe SDB compared with subjects without
SDB; these associations persisted after adjustment for potential
confounders. Modeling of these dichotomous outcomes was mir-
rored by parallel findings modeling ventricular ectopic beats as



Mehra, Benjamin, Shahar, et al.: Arrhythmia and Sleep Apnea

30
25

25

&£ 20
14.5

) 14
g 15 11.8
3
= 8
o 10
& 48 53 LA

5 lo.e I1.z |

AF CVE NSVT Bigeminy Quadrigeminy
(p=0.003) (p=.002) (p=0.004) (p=0.02) (p=0.01)

Figure 1. Arrhythmia prevalence (%) according to sleep-disordered
breathing (SDB) status. Shaded bars, SDB; open bars, non-SDB. AF,
atrial fibrillation; CVE, complex ventricular ectopy; NSVT, nonsustained
ventricular tachycardia. n = 228 with SDB and n = 338 without SDB.

a continuous outcome. Furthermore, when modeling complex
ventricular ectopy and extensively adjusting for potential con-
founders, a significant age—SDB interaction was identified, indi-
cating that, in our sample, SDB is much more strongly associated
with complex ventricular ectopy in the younger members of our
cohort compared with older cohort members.

It has been controversial whether there is a relation between
SDB and nocturnal cardiac arrhythmias. One of the first studies
to examine the SDB-arrhythmia relationship reported that 193
of 400 patients (48%) with severe SDB demonstrated cardiac
arrhythmias after evaluation by PSG and 24-h Holter monitoring
(14). In this study, only patients with severe SDB (mean RDI =

TABLE 2. DISTRIBUTION OF VENTRICULAR,
SUPRAVENTRICULAR, AND CONDUCTION DELAY
ARRHYTHMIAS ACCORDING TO SLEEP-DISORDERED
BREATHING

SDB, % No SDB, %  Pearson’s x?
(n=228) (n= 338 p Value
Ventricular Arrhythmias

Premature Ventricular Contraction

(= 5/h) 35.1 21.3 0.0003
Bigeminy 14.0 8.0 0.02
Trigeminy 9.2 5.6 0.10
Quadrigeminy 11.8 5.9 0.01
Nonsustained ventricular tachycardia 53 1.2 0.004
Complex ventricular ectopy* 25 14.5 0.002

Supraventricular Arrhythmias
Premature atrial contraction (= 5/h)* 33.8 243 0.001
Atrial fibrillation 4.8 0.9 0.003
Supraventricular tachycardia 14.9 14.5 0.89
Conduction Delay Arrhythmias

Sinus pause (= 3 s) 11.0 8.6 0.34
First-degree atrioventricular block 25.0 22.5 0.49
Second-degree atrioventricular

block type 1 1.8 0.3 0.07
Second-degree atrioventricular

block type 2 2.2 0.9 0.20
Intraventricular conduction delay 8.9 53 0.11

* Complex ventricular ectopy is defined as bigeminy or trigeminy or quadrigem-
iny or nonsustained ventricular tachycardia.
 Premature atrial contractions analyzed in those studies without atrial fibrillation.
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42) were assessed, and there was no referent group or adjustment
for potential confounders, including cardiovascular comorbidity.
Of note, the arrhythmias in general tended to occur during the
sleep period as opposed to periods of wakefulness. Two subse-
quent studies in clinically referred patient samples yielded con-
flicting results regarding the SDB-arrhythmia relationship (15,
16). The first involved 173 patients referred for sleep apnea
assessment. No differences in the prevalence of ventricular ar-
rhythmias, atrioventricular block, and sinus arrest were noted
between the 76 subjects diagnosed with SDB (most of whom
had little oxygen desaturation) compared with the remaining
referred patients who did not meet criteria for SDB (15). The
second study involved a prospective evaluation of 458 patients
referred to the sleep clinic, 26.4% of whom had SDB (16). Al-
though the SDB group had a greater frequency of arrhythmias,
this report did not provide evidence that group differences were
independent of confounding.

A preliminary report provided provocative data indicating
that patients with untreated SDB and atrial fibrillation have a
higher recurrence of atrial fibrillation after cardioversion than
patients without a known SDB diagnosis (17). Although this
report was based on a referral sample, their findings are consis-
tent with our fourfold higher prevalence of atrial fibrillation in
the SDB group. This group of investigators also found that the
proportion of patients with sleep apnea was significantly higher
in a group of patients with atrial fibrillation than in a control
group (49 vs. 32%, p = 0.0004) (18). In our sample, one-third
of the subjects with atrial fibrillation had paroxysmal versus
persistent atrial fibrillation. Paroxysmal atrial fibrillation is pos-
tulated to be less likely to be associated with structural heart
disease, more likely to occur in younger persons, and paroxysmal
atrial fibrillation episodes tend to be preceded by fluctuations
in autonomic tone, which is consistent with dynamic changes
occurring in SDB (19-22).

Two recent studies support a relationship between sleep ap-
nea and fatal and nonfatal cardiovascular events. A recent retro-
spective study demonstrated that, for people with obstructive
sleep apnea, the relative risk of sudden death from cardiac causes
from midnight to 6:00 a.m. was 2.57 (95% CI, 1.87-3.52) (23).
Patients with untreated severe sleep apnea had a higher inci-
dence of fatal cardiovascular events and nonfatal cardiovascular
events than untreated patients with mild-moderate disease and
healthy participants in another recent study (24). Our data show-
ing an increased rate of serious nocturnal arrhythmias in individ-
uals with SDB provide one potential explanation for the ob-
served increase in sudden death with sleep apnea. Another
recent study demonstrated improvement in ventricular ectopy
and sympathetic activation after continuous positive airway pres-
sure treatment in heart failure patients with sleep apnea, thereby
supporting a sleep apnea—arrhythmia relationship (25).

The finding of an age-SDB interaction in our model of complex
ventricular ectopy prevalence, showing stronger associations in
middle-aged than older individuals, is consistent with results from
studies of the association of SDB with hypertension and mor-
tality, which also have demonstrated stronger associations in
younger versus older individuals (26-28). Specifically, the com-
plex ventricular ectopy OR fell from 9.58 (95% CI, 2.99-30.65)
atage 50t01.98 (95% CI, 1.26-3.10) at age 70. Potential explana-
tions for a weaker association in older subjects may relate to
age-related differences in the nature of SDB or in physiologic
responses to SDB. For example, differences in autonomic ner-
vous system responses in older individuals may mitigate their
likelihood of developing arrhythmias in response to hypoxia.
However, this observed age-dependency may also be a result of
survival bias or competitive risks that are difficult to assess in
cross-sectional analyses.
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TABLE 3. ADJUSTED AND UNADJUSTED ODDS RATIOS RELATING ARRHYTHMIA OCCURRENCE

AND SLEEP-DISORDERED BREATHING

Arrhythmia Type

Unadjusted Odds Ratio BMI

Odds Ratio* (95% Cl)
Adjusted for Age, Sex,

Odds Ratio* (95% Cl)
Adjusted for Age, Sex,
BMI, CHD

Nonsustained ventricular tachycardia
Complex ventricular ectopy
Atrial fibrillation

4.64 (1.48-14.57)
1.96 (1.28-3.00)
5.66 (1.56-20.52)

3.72 (1.13-12.2)
1.81 (1.16-2.84)
3.85 (1.00-14.93)

3.40 (1.03-11.2)
1.74 (1.11-2.74)
4.02 (1.03-15.74)

Definition of abbreviations: BMI = body mass index; CHD = coronary heart disease; Cl = confidence interval.
* Results of logistic regression analysis with SDB as the exposure, n = 228 with SDB and n = 338 without SDB.

Strengths and Limitations

The strengths of the present study include the large community-
based sample, collection of detailed covariate data, highly
standardized rigorous data collection, and blinded assessment
of ECG data. The community-based nature of this study mini-
mizes the possibility of selection bias and increases the generaliz-
ability of findings. Accounting for potential confounding vari-
ables, including detailed assessment of CVD and CVD risk
factors, is a strength of this study. The imbalance of cardiovascu-
lar risk factors among the SDB and non-SDB groups was handled
by two mechanisms. First, the control subjects were selected to
constitute a group that was similar regarding factors that corre-
late with CVD (age [+ 2 yr], BMI [+ 2 kg/m?], sex, and race)
to match the SDB group. Second, regression and logistic analyses
used data on potential confounders in statistical models to fur-
ther adjust for any residual differences in groups. Although we
did model hypertension and diabetes as covariates, we did not
attempt to match on these measures since they may represent
intermediate pathways linking SDB and arrhythmias.
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Figure 2. Odds ratios (OR; 95% confidence interval [CI]) of complex
ventricular ectopy. Model 1: SDB only. Model 2: SDB and demographics
(age, sex, body mass index, and race). Model 3: SDB, demographics,
and cardiovascular disease (CVD) risk factors (hypertension, diabetes
mellitus, cholesterol, triglycerides, high-density lipoprotein, smoking
history). Model 4: SDB, demographics, CVD risk factors, and CVD manifes-
tations (angina, coronary heart disease, congestive heart failure, stroke,
pacemaker placement, other cardiac surgery). Model 5: Optimal* reduced
model (SDB status, age, and coronary heart disease). Model 6: Optimal
reduced model using all available observations (n = 566). Modeling
performed with observations for which there was complete covariate data
(n = 526). * Optimal model determination was based on statistical and
clinical significance of covariates and unsure and missing data were
considered as absence of the variable in question.

Several limitations of the present study should be noted. Only
a single bipolar lead was used for ECG analysis, which prevented
us from evaluating an abnormal axis and ST-T wave abnormali-
ties. We sampled the extremes of the SDB spectrum (SDB de-
fined as RDI = 30 events/h and non-SDB defined as RDI < 5),
which increased the efficiency of the study, but limited the ability
to evaluate an intermediate threshold (between RDI of 5 and 30)
associated with an increased prevalence of arrhythmias, and limited
our ability to assess dose-response relationships. This study evalu-
ated ECG data from the sleep period only, so we could not evaluate
the association between daytime (or wake) and nocturnal (or sleep)
rhythm disturbances. Although the sample was community-based,
it was not constructed to be a fully representative population-based
sample. However, because it is unlikely that the presence of
nocturnal arrhythmias influenced willingness to participate in
the SHHS, this sample should be free from the referral biases
that may be present in clinic samples and should be internally
valid. As in any observational study, residual confounding by
unmeasured variables cannot be excluded, despite detailed ad-
justment for CVD and CVD risk factors. Finally, as this was a
cross-sectional study, we cannot prove that SDB preceded the
development of arrhythmias, although animal models support
the biologic plausibility of a causal association between SDB
and arrhythmias (29, 30).

Clinical Implications and Future Research Directions

The results of this study have potentially important clinical impli-
cations, because they suggest an increased vulnerability to
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Figure 3. ORs (95% Cl) of complex ventricular ectopy in subjects with
SDB according to age adjusted for coronary artery disease. This graph
depicts the ORs (95% CI) of complex ventricular ectopy adjusted for
coronary heart disease according to our final model given a 50-, 60-,
and 70-yr-old person, respectively.
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TABLE 4. SLEEP-DISORDERED BREATHING AND
VENTRICULAR ECTOPIC BEATS/h USING MULTIVARIABLE
LINEAR REGRESSION

SDB Status ~ SDB Status  SDB Status
Model B Coefficient SE p Value
Ventricular Ectopic Beats/h (n = 504)
Unadjusted 0.89 0.22 < 0.0001
Demographics 0.79 0.21 0.0005
CVD risk factors 0.83 0.22 0.0002
CVD manifestations 0.88 0.21 < 0.0001
Demographics + CVD risk factors* 0.78 0.21 0.0003
Demographics + CVD risk factors +
CVD manifestations’ 0.76 0.22 0.0004
Demographics + CVD risk factors +
CVD manifestations* 0.69 0.21 0.0008

“Model” shows which set of variables used and the resulting effect size and
statistical significance for SDB. This analysis is on the subset of patients with
complete data on the above variables. The natural logarithm of ventricular ectopic
beats/h was used, and to account for values of zero, a constant of 0.05 was added
before log transformation.

* Age, race, hypertension, triglycerides, and cholesterol kept in the model.

" Age, race, triglycerides, cholesterol, and heart failure kept in the model
(reduced data, n = 503).

*Age, race, triglycerides, cholesterol, and heart failure kept in the model
(all data, n = 535).

nocturnal cardiac arrhythmias of individuals with SDB and pro-
vide an explanation for the observed increase in sudden noctur-
nal death recently reported with sleep apnea (23). Whether the
presence of arrhythmias influences prognosis in SDB is uncertain;
if so, this would provide a rationale for systematic arrhythmia
detection and reporting in the sleep laboratory (31). Our findings
also may help explain the epidemic of atrial fibrillation, because
increasing SDB prevalence from increasing obesity may explain
a portion of the unexplained rise in atrial fibrillation (32-34).
Systematic demonstration of a direct temporal association be-
tween each arrhythmia and a preceding respiratory event would
enhance causal inferences and is an area of potential future
research. Further work is also needed to quantify the population
attributable risk of atrial fibrillation and other arrhythmias asso-
ciated with SDB, the prognostic implications of these arrhyth-
mias, and the ability to prevent or reverse these arrhythmias
with SDB treatment.
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