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Study Objectives: Sleep apnea (SA) is prevalent among patients with coronary artery disease (CAD) and increases cardiovascular risk. A previous study
showed that 1 month of cardiac rehabilitation (CR) reduced severity of SA in patients with CAD by reducing fluid accumulation in the legs during the day and the
amount of fluid shifting rostrally into the neck overnight. The aim of this study was to evaluate whether CR will lead to longer-term attenuation of SA in patients
with CAD.

Methods: Fifteen patients with CAD and SA who had participated in a 1-month randomized trial of the effects of exercise training on SA were followed up until they
completed 6 months of CR (age: 65 + 10 years; body mass index: 27.0 + 3.9 kg/m? apnea-hypopnea index [AHI]: 39.0 + 16.7). The AHI was evaluated at baseline
by polysomnography and then at 6 months by portable monitoring at home. Cardiorespiratory fitness (VO2peak) Was evaluated via a graded cardiopulmonary
exercise test at baseline and 6 months later. The 6-month CR program included once weekly, 90-minute, in-facility exercise sessions, and 4 days per week
at-home exercise sessions.

Results: After 6 months of CR, there was a 54% reduction in the AHI (30.5 £ 15.2to 14.1 £ 7.5, P <.001). Body mass index remained unchanged, but VOypeak
increased by 27% (20.0 + 6.1 to 26.0 + 8.9 mL/kg/min, P =.04).

Conclusions: Participation in CR is associated with a significant long-term decrease in the severity of SA. This finding suggests that attenuation of SA by
exercise could be a mechanism underlying reduced mortality following participation in CR in patients with CAD and SA.

Clinical Trial Registration: This study is registered at www.controlled-trials.com with identifier number ISRCTN50108373.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Sleep apnea is prevalent among patients with coronary artery disease and increases cardiovascular risk. Cardiac
rehabilitation, including exercise, can lead to longer-term attenuation of sleep apnea in patients with coronary artery disease.

Study Impact: After 6 months of cardiac rehabilitation, the severity of sleep apnea decreased more than 50%. The attenuation of sleep apnea by exercise
could be a mechanism whereby cardiac rehabilitation reduces mortality in patients with coronary artery disease and sleep apnea.

over 1 month.’ Thus, an additional beneficial effect of exercise in
patients with CAD may be attenuation of sleep apnea. However,
if this was the case, then one would expect that exercise would
also have a longer-term beneficial effect on sleep apnea severity.

The aim of this study, therefore, was to evaluate whether CR
leads to longer-term attenuation of SA in patients with CAD. We
hypothesized that the CR-associated reduction in sleep apnea
severity observed after 1 month would be sustained or decline
further over a longer 6-month period.

METHODS

INTRODUCTION

Among patients with coronary artery disease (CAD), those who
participate in a cardiac rehabilitation (CR) exercise program
have a significantly lower mortality rate than those who do not.'
The mechanisms underlying such exercise-induced improvements
in mortality have yet to be elucidated but likely involve beneficial
effects on endothelial and platelet function, and on inflammatory
markers.'? In patients with CAD, untreated obstructive sleep
apnea (OSA) is associated with an increased risk of cardiovascular
morbidity and mortality.’ Untreated OSA is also associated with
increased cardiovascular mortality in the general population.* In
a recent randomized trial, we demonstrated that exercise training
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reduced the severity of OSA and central sleep apnea (CSA),
assessed by the frequency of apneas and hypopnea per hour of
sleep (apnea-hypopnea index, AHI) by 34% in patients with CAD
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Participants
Participants for this protocol had previously participated in
a 4-week randomized controlled trial’ conducted at Toronto
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Rehabilitation Institute’s Cardiac Rehabilitation Program. In-
clusion criteria were men and women aged 18 to 85 years
with CAD, defined as a documented myocardial infarc-
tion, coronary artery bypass surgery or coronary angioplasty
and/or stenting referred to the University Health Network
Toronto Rehabilitation Institute for CR, with sleep apnea
defined as an AHI of at least 15 events/h, identified on a
baseline in-laboratory overnight polysomnography (PSG)
as previously described.” Exclusion criteria were treated
OSA or CSA, adenotonsillar hypertrophy, use of diuretics,
a history of heart failure, and inability to exercise due to
musculoskeletal problems.

Cardiopulmonary exercise test

Participants underwent baseline, symptom-limited, graded
exercise tests on a cycle ergometer (Ergoline 800 P) or a
treadmill (Quinton) at the discretion of the cardiology tech-
nologist and physician depending on balance, mobility, and
participant preference. For the cycle-ergometer protocol, the
workload was increased by 16.7 W every minute and breath-
by-breath gas samples were collected and averaged over
20-second periods via calibrated metabolic cart (VMAX
Encore and Spectra — CareFusion, Yorba Linda, California,
USA). The Bruce protocol was used for patients being tested on
the treadmill.® Peak oxygen consumption (VOspeax) and the
anaerobic threshold were determined, the latter by the V-slope
method.” A 12-lead electrocardiogram (Quinton, Q-Stress
system) was monitored continuously.

Sleep studies

All participants underwent a baseline overnight PSG using
standard techniques and scoring criteria for sleep stages,
arousals from sleep, and periodic leg movements.*? Apneas
were defined as>90% reduction in airflow or thoracoabdominal
motion from baseline, respectively, lasting > 10s. Hypopneas
were defined as > 30% reduction airflow lasting > 10 seconds,
associated with a > 3% desaturation or an arousal from
sleep.’ They were classified as obstructive if there was out-of-
phase thoracoabdominal motion or flow limitation on the
nasal pressure tracing, and central if there was absent thor-
acoabdominal motion, or in-phase thoracoabdominal motion
without evidence of airflow limitation, during apneas and
hypopneas, respectively.® Sleep apnea was defined as an AHI >
15 events/h and was classified as OSA when > 50% of events
were obstructive and as CSA when > 50% of events were
central. The AHI and periodic leg movements indices were
calculated. Signals were recorded on a computerized sleep
recording system (Sandman, Nellcor Puritan Bennett Ltd.,
Ottawa, Ontario, Canada) and scored by technicians blinded to
the other experimental data and to the randomization.

Six months after entering the CR program, the AHI was
determined in the patients’ homes by a validated portable
home sleep apnea diagnostic device, BresoDX (BresoTEC Inc.,
Toronto, Ontario, Canada).'*"'? Data recorded using BresoDX
were downloaded and analyzed by a computerized algorithm
that automatically detects apnea and hypopneas as previously
described.'® Sleep time was estimated using head acti-
graphy embedded in the BresoDX face-frame.'* The AHI was
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calculated as the number of apnea and hypopneas divided by
estimated sleep time.

Cardiac rehabilitation

Patients participated in a 6-month CR program, which included
once weekly, 90-minute, supervised on-site exercise sessions,
and at-home sessions 4 days per week. A combination of
aerobic exercise (30 to 60 minutes, 5 days per week) and
resistance training (two to three sessions per week) was used.
Training modality was individually prescribed according to
the participants’ abilities: either overground walking, treadmill
walking, or cycle ergometer for the aerobic training, and either
dumbbells, resistance bands, or working against body weight
for resistance training. The same exercises were performed
during on-site and at-home sessions where one aerobic and one
resistance training session per week were performed on site and
the remaining (four aerobic and one to two resistance) training
sessions were performed independently at home. Intensity of
on-site exercise was monitored using 10-second pulse rate or
heart rate monitors, and ratings of perceived exertion. CR also
included regular education seminars emphasizing issues related
to cardiac symptom recognition, managing modifiable risk
factors such as hypertension, dyslipidemia, obesity, smoking,
unhealthy diet, and physical activity levels and medication use.

Protocol

Patients who had previously participated in a 4-week-long
randomized controlled trial of CR® were approached to par-
ticipate in the current study. In the previous study, prior to
entering CR, participants underwent a baseline cardiopulmo-
nary exercise test. Participants then underwent a baseline PSG.
Individuals with an AHI > 15 events/h on PSG were then
randomly allocated to an exercise intervention or control group.
Participants in the control group were instructed to maintain
their usual level of activity for 4 weeks. None of the participants
was treated for their sleep apnea during the study period. After
4 weeks, all assessments made at baseline were repeated. At this
point, participants in the control group crossed over into CR.
Participants who had been randomized to exercise continued in
CR. Patients’ baseline AHI data were taken from the previous
protocol. For patients who had been randomized to the 4-week
exercise group, baseline AHI was taken from their first PSG. For
patients who had been randomized to the 4-week control group,
their baseline AHI for the current study was taken from the PSG
performed at the end of the 4-week control period because it was
the AHI just prior to undergoing CR. In the previous study, we
showed that there was no change in the AHI in the control group
between baseline and 4 weeks later. After completion of
6 months of CR, patients had their AHI reevaluated at home via
the portable home sleep apnea diagnostic device only and
completed a follow-up cardiopulmonary exercise test. The
study protocol was approved by the Research Ethics Board of
the University Health Network. All participants provided
written informed consent prior to participation.

Data analysis

Continuous variables were expressed as mean =+ standard de-
viation and categorical variables as proportions. Changes from
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Figure 1—Flow of the participants through the trial.

Enrolled in randomized controlled
trial (n= 44)

Assigned to exercise training
(n=22)

Lost to follow-up (n=3)
Discontinued due to health
problems (n=2)

Completed randomized controlled

trial
(n=17)
Not interested in follow-up
study (n=2)
Lost to follow-up (n=3)
Changed cardiac rehab
location (n=1)

Enrolled in Cardiac Rehab Study,
continued to exercise
(n=11)

Did not complete cardiac
rchab (n=4)

Assigned to control
(n=22)

Change of
medication(n=1)
Lost to follow-up (n=4)

Completed randomized controlled
trial
(n=17)

Not interested in follow-up
study (n=1)
Lost to follow-up (n=2)
Discontinued due to health
problems (n=2)

Enrolled in Cardiac Rehab Study,
began exercise program
(n=12)

Did not complete cardiac
rehab (n=4)

Completed Cardiac Rehab study (n= 15)

baseline to follow-up were analyzed using paired ¢ tests. A value
of P <.05 was considered significant. Statistical analyses were
performed by SPSS 20 (SPSS Inc., Chicago, Illinois, USA).

RESULTS

Study participants flow through the protocol is shown in
Figure 1. Of the 34 patients who had completed the previous
randomized controlled trial,® 23 accepted to participate in this
ancillary study. Of those, 15 completed the study and their
baseline clinical characteristics and polysomnographic data are
presented in Table 1 and Table 2. Most of the patients were
mildly overweight men. Most patients had OSA (93%) with a
mean AHI in the severe range (30.5 + 15.2).

Effects of 6 months of CR

There was no change in body weight (from 83.5+ 14.4t0 83.4
14.2 kg, P = .99) after 6 months of CR. Changes in cardio-
pulmonary exercise test variables are presented in Table 3. Only
VOspeak increased significantly (P = .04).

After 6 months of CR, there was a 54% reduction in the AHI
(P < .001, Figure 2). Table 4 displays sleep data at baseline
and 6 months. There was no change in the total sleep time
from baseline to 6 months (from 5.2 + 1.2 to 5.2 £ 1.1 hours,
P =.93). However, time spent in the supine position decreased
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significantly from baseline to 6 months (from 2.1 +1.4t0 0.9 +
1.0 hours, P=.001). Nevertheless, this was not the main factor
contributing to the reduction in AHI, because there were re-
ductions in both the supine AHI (from42.4+15.8t031.4£14.5,
P =.001) and nonsupine AHI (from 23.6 £25.8 to 11.5+9.3,
P =0.001). Furthermore, we did not find any relationship be-
tween the reduction of AHI at 6 months and either the im-
provement in VOppea (R* = .046, P > .05) or the degree of
reduction in overnight rostral fluid shift after 1 month of CR in
the original treatment group (R* =.039, P > .05). There was no
difference in the change in the AHI in patients who crossed over
from control group to CR group after the 1-month randomized
trial compared to those who were in the original exercise group
(a 55.3% reduction in AHI from 36.6 to 16.3 versus a 51.5%
reduction from 25.1 to 12.2 in the control and exercise
groups, respectively).

DISCUSSION

The most important result of the current study is that in patients
with CAD and SA, participation in 6 months of exercise CR
was accompanied by a significant decrease in the severity of
SA. The 54% reduction in the AHI was in the clinically sig-
nificantrange in many and occurred despite a lack of change in
body weight.
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Table 1—Baseline characteristics of the 15 participants.

Age, years 64.9 £10.5
Male, n (%) 13 (87)
BMI, kg/m? 27039
Abdominal circumference, cm 97.3+14.9
Hip circumference, cm 104 £ 9.7
Cardiovascular history, n (%)

MI 9 (60)

PCI 8 (53)

CABG 6 (40)
Comorbidities, n (%)

Type 2 diabetes 3(20)

Hypertension 10 (67)

Atrial fibrillation 3 (20)
Medication, n (%)

Beta blocker 14 (93)

Calcium channel blocker 2 (13)

Antiplatelet agent 15 (100)

ACE inhibitor 6 (40)

ARBs 2 (13)

Lipid lowering agent 15 (100)
Physical activity levels, steps per day 4252.2 £ 1101.0
OSA:CSA, n (%) 14 (93): 1 (7)

Data are expressed as mean + standard deviation or n (%) where in-
dicated. ACE = angiotensin-converting enzyme, AHI = apnea-hypopnoea
index, ARBs = angiotensin Il receptor blockers, BMI = body mass index,
CABG = coronary artery bypass graft, CSA = central sleep apnea, Ml =
myocardial infarction, OSA = obstructive sleep apnea, PCI = percutaneous
coronary intervention.

Previous studies have demonstrated that exercise training
reduces sleep apnea severity. For example, a recent meta-
analysis concluded that among randomized controlled trials,
exercise training was associated with a reduction of28% in AHI
from baseline.'* Furthermore, in the randomized trial conducted
prior to the current ancillary study,’ we showed that 4 weeks of
exercise training alone reduced the AHI by 34% in patients
with CAD via a reduction in leg fluid volume and attenuation
of the overnight rostral fluid shift from the legs to the neck.
The exercise protocols used in most studies to date have been
3 months or less, whereas ours was 6 months. It is possible that
there is a progressive effect over time that could account for the
greater reduction in the AHI after 6 months in the current study
than we observed after 1 month in our previous study.® Such a
long-term effect might also explain why the 54% reduction we
observed after 6 months of CR was greater than that reported
in other studies of CR of less than 6 months’ duration.'*™'” The
AHI can be subject to night-to-night variability.'®* However, in
the current study, the magnitude of reduction in the AHI in both
the original control and treatment groups is much greater than
could be attributed to night-to-night variability.

There are several physiological mechanisms that might ex-
plain how exercise training alleviates OSA. In our previous

Journal of Clinical Sleep Medicine, Vol. 16, No. 1

Table 2—Baseline polysomnography data.

TST (minutes) 3114 £75.2
Sleep efficiency (%) 73.7£131
Stage N1 sleep (%TST) 147 £ 14.6
Stage N2 sleep (%TST) 59.6 £ 11.9
Stage N3 sleep (%TST) 95+7.2
Stage R sleep (%TST) 16.3+£8.5
Arousal index (events/h) 376+£17.3
Total AHI (events/h) 30.5+15.2
Obstructive AHI (events/h) 268+ 144
Central AHI (events/h) 3273
Supine AHI (events/h) 424 +158
Nonsupine AHI (events/h) 236258
REM AHI (events/h) 38.0 £ 16.1
NREM AHI (events/h) 28.8 £ 16.1
Supine time (hours) 21+14
Nonsupine time (hours) 32+15
Minimum Sa0, (%) 83.5+8.7

Data are expressed as mean + standard deviation. AHI = apnea-hypopnea
index, NREM = non-rapid eye movement, REM = rapid eye movement,
Sa0, = arterial oxygen saturation, TST = total sleep time.

Table 3—Cardiopulmonary exercise test variables.

Baseline End of CR P
V0gpeak (ML/kg/min) 20.0 £ 6.1 26.0 £8.9 .04
Vo, at AT (mL/kg/min) 17.3+£6.2 212+84 15
HR at AT (beats/min) 1029 £ 17.2 109.7 £ 16.7 28
HR rest (beats/min) 67.7+£11.9 61.3+6.0 073
HR peak (beats/min) 126.5 + 18.6 130.5+24.8 62
RER peak 1.1+£0.2 1.1+£01 .64
RPE peak 149 +26 16.6 + 2.6 .084
Ve max (L/min) 60.0 +20.0 64.4 +27.9 62
SBP rest (mmHg) 117.2 £ 16.1 121.1 £ 126 A7
DBP rest (mmHg) 733192 746+ 82 69
SBP peak (mmHg) 154.7 + 274 162.3 +21.7 A7
DBP peak (mmHg) 73.8 9.1 76.6 + 8.4 .64

Data are expressed as mean * standard deviation. AT = anaerobic
threshold, DBP = diastolic blood pressure, HR = heart rate, RER =
respiratory exchange ratio, RPE = rating of perceived exertion, SBP =
systolic blood pressure, VO,peq = peak oxygen consumption.

4-week randomized trial in patients with CAD and sleep apnea,
we observed that the reduction in the AHI was accompanied by
reductions in the fluid volume of the legs and in the degree of
overnight fluid shift from the legs to the neck. This was, in turn,
associated with dilatation of the upper airway, presumably due
to areduction intissue pressure around the upper airway because
of reduced fluid accumulation. These data strongly suggest that
reduced overnight fluid shift into the neck and upper airway
dilation were mechanisms involved in the reduction in AHI in
the absence of any change in body weight or physical fitness
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Figure 2—AHI at baseline and after 6 months of cardiac rehabilitation.
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The AHI decreased from 30.5 + 15.2 to 14.1 £ 7.5 events/h (P <.001) from baseline to 6 months later at the end of cardiac rehabilitation. AHI = apnea-

hypopnea index.

(VOs3peak)- It is likely that the same mechanisms contributed to
the reduction in AHI we observed after 6 months in the current
study. However, data on fluid shift and upper airway di-
mensions were not available at the 6-month point in the current
study. Itis also not clear why the AHI fell further from 4 weeks
to 6 months. One possibility is that there was a progressive
reduction in leg fluid volumes and overnight rostral fluid shift
as patients continued their exercise program between 4 weeks
and 6 months.

Other potential physiological mechanisms that may ex-
plain the effect of exercise training on sleep apnea include
increased respiratory stability through more consolidated and
deeper sleep, increased strength and fatigue resistance of the
upper airway dilators, and decreased nasal resistance.'® Aerobic
exercise can also improve cardiometabolic and chemoreflex
control responses, which may improve upper airway function.
However, we have no direct data to support these potential
mechanisms. Furthermore, although we did not document an
objective measurement of exercise compliance, the signifi-
cant improvement in VO,pe,i indicates that the patients were
compliant enough to improve their physical fitness. Further-
more, it has previously been shown that mean compliance rates
in the CR program used in the current study are approximately
80% of prescribed exercise sessions.'®

We observed improved cardiorespiratory fitness in patients
after 6 months of cardiac rehabilitation, which is consistent with
previous studies in patients with OSA.'>!'%2° However, none of
those previous studies showed that reductions in the AHI were
related to improvements in cardiorespiratory fitness, nor did
they propose any physiologically plausible explanation as to
why improved fitness might contribute to the reduced AHI.

Journal of Clinical Sleep Medicine, Vol. 16, No. 1

Table 4—Sleep variables at baseline and end of
cardiac rehabilitation.

Baseline End of CR P
Total sleep time (hours) 52+12 52+11 93
Supine time (hours) 21+14 09+10 .001
Nonsupine time (hours) 32+15 44+18 .01
Total AHI (events/h) 30.5 £ 15.2 14175 .001
Supine AHI (events/h) 424 +158 314 +145 .001
Nonsupine AHI (events/h) | 23.6 +25.8 15+93 .001

Data are expressed as mean + standard deviation. AHI = apnea-hypopnea
index, CR = cardiac rehabilitation.

Consequently, we do not think that the improvement in VO,peqik
contributed to the observed decrease in the AHI, particularly
because the AHI improved after 4 weeks in the absence of any
improvement in fitness.’

In the current study, supine time during sleep decreased
significantly from baseline to 6 months. This may have con-
tributed in part to the improvement in AHI after cardiac re-
habilitation. However, because both the supine and nonsupine
AHIs decreased from baseline to 6 months, it is highly unlikely
that the change in the time spent supine was the main factor
responsible for improvement in the AHI.

It is also possible that the multidisciplinary approach of
CR that includes not only exercise, but also dietary manage-
ment and risk-factor modification, contributed to attenuation
of sleep apnea. However, this seems unlikely in view of two
observations: first, the fall in AHI from baseline to 4 weeks in
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the initial study occurred prior to the institution of dietary
management and risk factor modification, and second, the fall
in AHI atboth 4 weeks and 6 months occurred in the absence of
weight loss.

Participation in 6 months of CR was associated with a 54%
decrease in the AHI. In 10 of 15 patients, the decrease in AHI
was greater than 50% and in 9 of 15 patients, the AHI decreased
to less than 15 events/h. Thus, the magnitude of the fall in AHI is
likely to have been clinically significant in most patients. These
data highlight the importance and benefits of CR for the
management of sleep apnea in these patients.

The current study also sheds light on a potential mecha-
nism by which exercise improves morbidity and mortality in
patients with CAD. Untreated OSA in patients with CAD is
associated with increased cardiovascular morbidity and
mortality.> Our data suggest the possibility that attenuation of
sleep apnea, which is common in patients with CAD,?' could
contribute to the reduction in mortality. However, larger-scale
randomized trials would be required to assess this possibility.

The current study has some limitations. First, it was not a
randomized trial and did not include a control group who did
not participate in CR. However, in the previous 4-week ran-
domized trial, that included the same patients, we demon-
strated a significant fall in the AHI in the CR group, but not in
the control group.® In addition, the patients who crossed over
from control group to CR group after the four-week random-
ized trial period experienced a fall in AHI after six months
similar to that seen in those originally randomized to CR.
Consequently, it appears most likely that the fall in the AHI
observed after 6 months of CR was due to exercise. Second, we
did not measure fluid shift and upper airway dimensions at the 6-
month point in the current study, and therefore cannot be certain
that attenuation of rostral fluid shift and upper airway dilation
were responsible for the fall in AHI. However, in view of our
findings after the 4-week randomized trial period,’ it seems
likely that these factors contributed to the fall in AHI after
6 months as well. Third, whereas the AHI was determined by
the in-laboratory PSG at baseline, the follow-up AHI at
6 months was determined from the portable apnea monitoring
device at home. However, we have previously shown the AHI
determined by BresoDX to be in excellent agreement with that
determined at simultaneous PSG.*? Accordingly, we are
confident of the accuracy of the AHI results at 6 months. The
BresoDX device is unable to differentiate between central and
obstructive events at this time. Therefore, we cannot draw con-
clusions as to effects of exercise on central versus obstructive
events. However, this is largely irrelevant because 14 of the 15
patients had OSA and because most events at baseline were
obstructive (88%), it can be assumed that the reduction in total
AHI observed is predominantly the result of a reduction in ob-
structive events. Accordingly, this study is essentially examining
the effects of exercise on OSA. Last, we cannot exclude a po-
tential selection bias toward including those who adhered better
to the exercise protocol because not all patients included in the
previous randomized trial completed the 6-month follow-up.

In conclusion, this study found that participation of patients
with CAD and coexisting sleep apnea in CR is associated
with a clinically significant long-term decrease in sleep apnea
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severity. Our results also suggest a progressive reduction in
sleep apnea severity from baseline to 4 weeks to 6 months during
CR. One implication of our results is that attenuation of sleep
apnea by exercise could be a mechanism underlying reduced
mortality following participation in CR in patients with CAD
and SA. Future larger scale, long-term trials will be required to
address this possibility.

ABBREVIATIONS

AHI, apnea-hypopnea index

CAD, coronary artery disease
CSA, central sleep apnea

CR, cardiac rehabilitation

OSA, obstructive sleep apnea

PSG, polysomnography

VOypca, peak oxygen consumption
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