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Abstract

Purpose—Nocturnal cardiac conduction abnormalities are commonly observed in patients with
sleep-disordered breathing (SDB). However, few population-based studies have examined the
association between SDB and daytime cardiac conduction abnormalities.

Methods—We examined a random sample of 471 community-dwelling men, aged =67 years,
enrolled in the multi-center Outcomes of Sleep Disorders in Older Men (MrOS Sleep) study. SDB
severity was categorized using percent of total sleep time with oxygen saturation <90 % (%TST <
90) and apnea hypopnea index (AHI). Cardiac conduction parameters were assessed by resting 12-
lead electrocardiography (ECG). All analyses were adjusted for age, site, p-blocker use, coronary
heart disease, calcium channel blocker use, and use of antiarrhythmic medications.

Results—Mean age was 77 + 6 years, median %TST < 90 was 0.7 (IQR 0.00-3.40), and median
AHI was 7.06 (IQR 2.55-15.32). Men with greater nocturnal hypoxemia (%TST <90 = 3.5 %)
compared with those without hypoxemia (%TST < 90 < 1.0 %) had a lower odds of bradycardia
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(OR 0.55 [0.32-0.94]) and right bundle branch block (RBBB) (OR 0.24 [0.08-0.75]) but a higher
odds of ventricular paced rhythm (OR 4.42 [1.29-15.19]). Heart rate (HR) increased in a graded
manner with increasing % TST < 90 (p-trend 0.01) and increasing AHI (p-trend 0.006), but these
gradients were small in absolute magnitude. There were no associations of SDB measures with
other ECG conduction parameters.

Conclusions—Greater nocturnal hypoxemia in older men was associated with a lower
prevalence of daytime sinus bradycardia and RBBB, a higher prevalence of ventricular paced
rhythm, and higher resting HR.
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Introduction

Methods

Sleep-disordered breathing (SDB) is a highly prevalent condition affecting 10-20 % of
adults in the USA [1]. SDB is associated with cardiovascular disease (CVD) risk factors
including hypertension [2] and metabolic syndrome [3]. Some, but not all, prospective
studies conducted in primarily middle-aged adults have reported associations of SDB with
adverse CVD outcomes including coronary heart disease (CHD), heart failure, stroke, and
cardiovascular mortality [4-6]. In addition, a number of studies in selected populations have
reported an association between SDB and nocturnal cardiac conduction abnormalities [7, 8].
However, few studies have examined the relationship of SDB with daytime conduction
abnormalities. The resting 12-lead electrocardiography (ECG) is a widely available,
minimally burdensome, and noninvasive method to evaluate sinoatrial, atrioventricular, or
intraventricular conduction in the myocardium. Furthermore, the 12-lead ECG allows better
differentiation of the conduction abnormalities and more precise interval measurement
compared to ambulatory ECG monitoring. While conduction abnormalities identified on 12-
lead ECG are in large part subclinical in nature, prospective studies have reported
associations of selected subclinical ECG abnormalities with a higher risk of clinical cardiac
arrhythmias, sudden cardiac death, and all-cause mortality [9-13].

We used data from the baseline examination of the Outcomes of Sleep Disorders in Older
Men (MrOS Sleep) study to test the hypothesis that increasing severity of SDB is associated
with higher prevalence of daytime ECG conduction abnormalities in community-dwelling
older men, not selected on the basis of SDB or cardiac conduction disease.

The MrOS sleep study (n7=3135) is an ancillary study of the parent cohort Osteoporotic
Fractures in Men (MrQOS, n=5994) study that enrolled community-dwelling older men from
six geographic regions in the USA: Birmingham, AL; Minneapolis, MN; Palo Alto, CA; the
Monongahela Valley near Pittsburgh, PA; Portland, OR; and San Diego, CA [14, 15].
Enrollment in the MrOS Sleep ancillary study exceeded the study recruitment goal of 3000
men. For this study, we randomly selected 524 men enrolled in the baseline exam of the
MrOS Sleep Study that included an in-home overnight polysomnography study and resting
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12-lead ECG. After excluding men with poor ECG quality (7= 8) and those without
technically adequate polysomnography (7= 45), the final cohort for this analysis was
comprised of 471 men (Fig. 1). The research protocols were approved by the institutional
review boards at each participating institution and all participants gave written informed
consent.

An overnight unattended in-home polysomnography (PSG; Safiro, Compumedics, Inc.,
Melbourne, Australia) was performed. A standard recording montage included
electroencephalograms (C3/A2 and C4/A1l), bilateral electrooculograms, and a bipolar
submental electromyogram, thoracic and abdominal respiratory inductance
plethysmography, airflow (by nasal-oral thermocouple and nasal pressure cannula), finger
pulse oximetry, lead | ECG, body position (mercury switch sensor), and bilateral tibialis leg
movements (piezoelectric sensors). Data were scored by certified research sleep
technologists at the central Sleep Reading Center using standardized criteria [16-18].

Severity of nocturnal hypoxemia was assessed by the percent of total sleep time with pulse
oximetry arterial oxygen saturation below 90 % (%TST < 90) and considered normal if
%TST < 90 was less than 1 % (first and second quartiles), mild if %TST < 90 was 1.0 % to
less than 3.5 % (third quartile), and at least moderate if %TST < 90 was 3.5 % or greater
(fourth quartile). Apneas were defined as absence or near absence of airflow for = 10 s.
Hypopneas were determined when there was =30 % reduction of breathing amplitude lasting
=10 s linked to >4 % oxygen desaturation. Apnea hypopnea index (AHI) was defined by
total number of apneas and hypopneas per hour of sleep. Severity of sleep apnea was defined
by clinical criteria, normal if AHI was <5, mild if AHI was 5 to <15, and moderate to severe
if AHI was =15 [19]. Central sleep apnea was defined by central apnea index (CAI) =5.

A resting 12-lead ECG was obtained during the MrOS clinic visit (median time interval to
overnight sleep study 1 day). ECGs were recorded for 10 s with the participant lying down
in a comfortable position. Printed ECGs were read by two physicians (YK and KP) blinded
to SDB status and confirmed by a cardiac electrophysiologist (SA), also blinded to SDB
status. Heart rate (HR), PR interval, QRS duration, and QT interval were automatically
derived from the ECG, the latter three measures representing average values from 12 leads.
Corrected QT (QTc) was calculated using Bazett’s Formula (QT Interval/V [RR interval])
[20]. The Minnesota Code measurement rules and classification system was used in
identifying the following measures [21]: atrial rhythm, sinoatrial block, atrioventricular (AV)
block, right bundle branch block (RBBB), left bundle branch block (LBBB), left anterior
fascicular block (LAFB), left posterior fascicular block (LPFB), intraventricular conduction
delay, and ventricular paced rhythm. The following definitions were used: “sinus
bradycardia” for HR <60 beats per minute, “first-degree AV block” for PR interval >200
msec, “QRS prolongation” for QRS interval >120 msec, “QT and prolongation” for QTc
>440 msec.

Demographic data and medical history were assessed by administration of a questionnaire.
CHD was defined by a self-reported history of a physician diagnosis of angina, myocardial
infarction, angioplasty, or coronary artery bypass. Participants attended an in-clinic visit for
measurements including blood pressure, body weight, and height. Participants were asked to
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bring all medication containers used within the preceding 30 days to the clinic visit.
Medications were identified, recorded by the clinic staff, and stored in an electronic
medication inventory database [22].

Participant characteristics were compared across the three categories of %TST < 90 using
ANOVA (or non-parametric equivalent, i.e., Kruskal-Wallis test) for continuous variables,
chi-square, or Fisher’s exact test for categorical variables. Logistic regression models were
used to examine the associations of SDB measures with dichotomous measures of sinus
bradycardia, AV conduction abnormalities, QRS prolongation (QRS duration >120 msec),
and QT prolongation (QTc >440 msec). Analyses examining the association of SDB
measures with dichotomous ECG outcomes were limited to those ECG outcomes that were
identified in at least 20 men. In addition, we determined the association of SDB measures
with continuous ECG parameters including HR, PR interval, QRS duration, and QTc using
multiple linear regression. Twenty-two men with a 12-lead ECG showing ventricular paced
rhythm were excluded from all analyses except for the specific analysis examining the
association of SDB exposures with ventricular paced rhythm. In addition, 23 men with atrial
fibrillation or flutter were excluded from analyses examining PR interval as an outcome. All
analyses were adjusted for age and site and participant characteristics (i.e., p-blocker use,
prevalent CHD, calcium channel blocker use, and use of antiarrhythmic medications) that
both varied across category of %TST < 90 in the cohort and for which evidence from
previous studies suggested associations with cardiac conduction abnormalities. To ensure
that results in the overall cohort were not driven by findings among men with central sleep
apnea, we performed sensitivity analyses excluding participants with central apnea index =5
(n=41).

Given the sample size of 471 men, the minimal detectable regression coefficient per 1
standard deviation (SD) change in the SDB predictor variables was 0.15 SD (in ECG
parameter) at 90 % power and 0.13 SD (in ECG parameter) at 80 % power. All statistical
analyses were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA.).

Mean age of the cohort was 76.9 + 5.8 years, 92.6 % were Caucasian, and 32.5 % reported a
history of CHD. A total of 238 men (50.5 %) had no evidence of nocturnal hypoxemia
(%TST <90 < 1.0 %), 116 (24.6 %) had mild hypoxemia (%TST < 90 1.0 to <3.5 %), and
117 (24.8 %) had at least moderate hypoxemia (%TST < 90 = 3.5 %). SDB as manifested by
higher AHI was prevalent in this cohort of older men with 34 % of the participants having an
AHI 5.0 to <15.0 and 26 % having an AHI =215.0. Baseline characteristics of the study
participants overall and by category of nocturnal hypoxemia are shown in Table 1.
Participants with greater nocturnal hypoxemia tended to be more obese; had a higher
prevalence of hypertension, chronic obstructive pulmonary disease, and CHD; and were
more likely to be taking p-blockers, calcium channel blockers, and antiarrhythmic
medications.

Sinus bradycardia was the most common ECG abnormality (40 %) followed by first-degree
AV block (25 %) (Table 2). RBBB and LAFB were found in 9.1 and 15.4 % of the cohort,
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respectively. LBBB was rare (2 %). None of the participants had ECG evidence of sinoatrial
block, high-grade (second/third degree) AV block or LPFB.

After adjustment for age, site, B-blocker use, CHD, calcium channel blocker use, and use of
antiarrhythmic medications, there were no significant associations of either SDB measure
and the ECG outcomes of first-degree AV block, LAFB, QRS prolongation, or QT
prolongation (Table 2). Men with at least moderate nocturnal hypoxemia (%TST < 90 =

3.5 %) compared to those without hypoxemia (%TST < 90 < 1.0 %) had a lower odds of
having sinus bradycardia (OR 0.55 [0.32-0.94]) and RBBB (OR 0.24 [0.08-0.75]) but had a
fourfold higher odds of having a ventricular paced rhythm (OR 4.42 [1.29-15.19]). Men
with at least moderate SDB as manifested by an AHI =15 compared to those with an AHI <5
appeared to have a lower likelihood of sinus bradycardia (OR 0.62 [0.37-1.06]), but the
association did not quite reach the level of statistical significance. No significant
associations were observed between AHI category and either RBBB or ventricular paced
rhythm.

In terms of associations of SDB measures with continuous ECG parameters, there was
evidence of a trend of increasing resting HR with greater degree of nocturnal hypoxemia (-
trend 0.01) and higher AHI (p-trend 0.03), but gradients were small in absolute magnitude
(Table 3). There was no evidence of associations of either measure of SDB with PR interval,
QRS duration, or QTc interval.

Findings were not altered in sensitivity analyses excluding 41 men with central apnea index
=5,

Discussion

In this large cohort of community-dwelling older men, SDB as manifested by greater
nocturnal hypoxemia was associated with a lower likelihood of sinus bradycardia and
RBBB, but a higher likelihood of ventricular paced rhythm identified on daytime resting 12-
lead ECG. When severity of SDB was defined by AHI, no significant associations of SDB
with these outcomes were observed. HR increased with greater burden of hypoxemia and
with higher AHI, but the magnitude of absolute changes in HR was small.

This investigation comprehensively evaluated the association between SDB and conduction
abnormalities on daytime 12-lead ECG in older men not selected on the basis of SDB or
cardiac conduction abnormalities. Associations of measures of SDB with daytime
manifestation of cardiac conduction abnormalities (i.e., independent of sleep state or sleep-
related respiratory events) have been understudied. One previous population-based study in
middle-aged adults reported no association of SDB as defined by greater AHI and the
composite outcome of conduction abnormalities identified on resting ECG [23]. However,
this study did not specify the different types of conduction abnormalities and did not
investigate nocturnal hypoxemia as a predictor. Transient bradyarrhythmia due to autonomic
modulation in different sleep states [24, 25] and nocturnal bradyarrhythmia triggered by
obstructive respiratory events have previously been described in younger, selected
populations [8]. Our study of an unselected population of community-dwelling older men
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found that greater nocturnal hypoxemia was associated with a lower odds of daytime sinus
bradycardia.

In this study, older men with a greater nocturnal hypoxemia burden had a fourfold increase
in the odds of having a ventricular paced rhythm on ECG compared to those without
nocturnal hypoxemia despite adjustment for several potential confounders. This finding is
consistent with disproportionately high prevalence of SDB observed among patients with a
permanent pacemaker [26]. However, the biological mechanism underlying the association
between SDB and ventricular paced rhythm (a potential indication marker for symptomatic
cardiac conduction abnormalities) is unclear. Given that symptomatic bradyarrhythmia is a
major indication for pacemaker implantation, our finding of a lower odds of sinus
bradycardia in older men with SDB is intriguing. It is possible that older men with greater
nocturnal hypoxemia simply have higher burden of unmeasured CVD and are more subject
to cardiac conduction disease leading to implantation of a permanent pacemaker. Additional
studies with a prospective design are warranted to determine whether SDB is associated with
a greater risk of future permanent pacemaker implantation.

Greater nocturnal hypoxemia burden and higher AHI were each associated with a higher
resting HR in this study. Although the increase in HR was modest, this finding is consistent
with the results from both clinical and animal studies in which SDB was associated with
higher sympathetic [27] and diminished parasympathetic activity during the daytime [28].
This association of SDB with higher daytime resting HR, albeit of modest magnitude, may
have public health implications given the well-known association of higher resting HR with
cardiovascular mortality and sudden cardiac death [29]. It is possible that increased
sympathetic activity, manifested by a higher HR, may be one of the mediating mechanisms
between SDB and adverse cardiovascular outcomes. This hypothesis warrants testing in
future prospective studies.

This study also observed a lower prevalence of RBBB in men with greater nocturnal
hypoxemia. While RBBB can be seen in individuals without structural heart disease, recent
studies have reported associations of RBBB with increased cardiovascular risk [30] and
higher incidence of PPM placement [31]. Further, one might have postulated a positive
association between the severity of SDB and RBBB given the SDB’s association with right
ventricular hypertrophy [32]. In this regard, the association of nocturnal hypoxemia with
lower likelihood of RBBB was unanticipated. Given the multiple statistical comparisons
made in our study, this finding may be due to chance alone. Future prospective studies are
needed to further clarify the association of SDB with RBBB in the aged population. In the
Wisconsin Sleep Cohort study, the prevalence of major conduction abnormalities comprising
composite endpoints of intraventricular conduction delay, and RBBB/LBBB did not differ
by presence of SDB [23]. In addition, the prevalence of ventricular paced rhythm was also
not higher among younger and middle-aged adults with SDB in that study.

In this cohort of older men, we found no significant association between SDB and AV
conduction delay or QRS duration. The lack of association between SDB and QRS duration
is in line with the finding of Gupta et al. in which severity of sleep apnea was associated
with prolonged QRS in women, but not in men [33]. Since prolonged QTc is a well-known
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ECG marker for cardiovascular risk including sudden cardiac death [34, 35], an association
of SDB with QTc prolongation might be a mechanism underlying the reported associations
of SDB with adverse cardiovascular outcome and sudden cardiac death [36, 37]. However,
we did not find any association of SDB with daytime QTc in this study. In contrast, a recent
case-control study [38] in younger subjects (30-50 years old) reported longer daytime QTc
in patients with SDB compared to those without. However, no associations were reported
between OSA severity defined by AHI and daytime QTc.

Our study has several strengths including the community-based population of older men not
selected on the basis of SDB or cardiac conduction abnormalities, objective measurements
of SDB using PSG, and comprehensive examination of resting 12-lead daytime ECGs.
However, because our design was cross-sectional, the temporal relationship between SDB
and the ECG cardiac conduction abnormalities cannot be established. Associations of SDB
measures with severe conduction abnormalities including sinus node dysfunction or high-
degree AV block could not be examined because these disorders were uncommon in our
cohort. Finally, our study had an observational design and the possibility of residual
confounding cannot be eliminated.

In conclusion, in older men, SDB as manifested by the degree of nocturnal hypoxemia was
associated with a lower prevalence of daytime sinus bradycardia and RBBB, but a higher
prevalence of ventricular paced rhythm. SDB severity as expressed by greater nocturnal
hypoxemia and higher AHI was also associated with higher daytime resting HR. No
associations were found between these measures of SDB and commonly derived ECG
intervals (or PR, QRS, and QTc interval). Future prospective studies are needed to further
clarify the association of SDB with cardiac conduction abnormalities in the aged population.
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5,994 men enrolled in the Osteoporotic
Fractures in Men (MrOS) study

\ 4

3,135 men enrolled in the Outcomes of Sleep
disorders in Older Men (MrOS Sleep) study

(2,911 with technically adequate polysomnography)

524 men randomly selected from
cohort of 3,135 men

53 excluded
» 8 with poor ECG quality
» 45 with technically inadequate polysomnography

\ 4

v
471 men included in this analysis

Fig. 1.
Participant flow
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