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Study Objectives: To assess the feasibility and efficacy of a novel
16-week exercise and diet program for important clinical outcomes in
obstructive sleep apnea (OSA).

Methods: Cohort study assessing sleep disordered breathing, cardio-
vascular risk factors, and neurobehavioral function prior to and follow-
ing completion of the 16-week program. The program used a proprie-
tary very low energy diet (Optifast, Novartis), and subjects participated
in a supervised exercise schedule, which included both aerobic and
resistance training. Follow-up contact was made at 12 months after
program exit. Consecutive patients with newly diagnosed sleep apnea
were approached who had an apnea-hypopnea index (AHI) of 10 to
50, a body mass index (BMI) of greater than 30 kg/m?, no significant
comorbidities, and able to exercise.

Results: All data are presented as mean [SD]. Of 21 patients with
OSA who were approached, 12 middle-aged (42.3 [10.4] years old),
obese (BMI 36.1 [4.3] kg/m?), and predominantly female (75%) sub-
jects with mild to moderate OSA were enrolled (AHI 24.6 [12.0]).
Weight loss was significant (12.3 [9.6] kg, p < 0.001), and 5 of the 10

who completed the program were able to independently maintain good
weight loss at 12 months. At the 16-week assessment, there was a
small nonsignificant fall in the AHI. Six of the 10 subjects had a reduc-
tion in sleep disordered breathing, and the AHI was less than 10 in 3
patients. There were significant improvements in neurobehavioral and
cardiometabolic outcomes. Snoring improved in most subjects, but the
improvement was clinically important (a score of < 2) in only 7.
Conclusions: A supportive diet and exercise program may be of ben-
efit to obese patients with mild to moderate sleep apnea. The results of
this feasibility study showed significant weight loss and improvement in
clinically important neurobehavioral and cardiometabolic outcomes but
no significant change in sleep disordered breathing. These promising
preliminary results need confirmation with a larger randomized trial.
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bstructive sleep apnea (OSA) is a common condition char-

acterized by repetitive obstruction of the upper airway
during sleep with resultant episodic hypoxia and arousal. The
etiology of OSA is multifactorial and includes underlying ab-
normalities of bony cranial structure, relaxation of the upper
airway musculature during sleep, and impaired responses of the
central respiratory control center. In addition, there are modifi-
able precipitating factors,' the most important of which is obe-
sity. Patients demonstrate behavioral and neuropsychological
consequences to varying degrees, including excessive daytime
sleepiness, psychomotor deficits,” an increased risk of having
motor vehicle crashes,® and lost work productivity.* The most
common presenting symptoms are snoring and daytime sleepi-
ness. Long-term studies of sleep clinic patients with OSA have
shown that they have significantly more clinical cardiovascular
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events than do their counterparts without OSA and that treat-
ment with continuous positive airways pressure (CPAP) only
partially ameliorates this risk.>¢

CPAP is effective in controlling upper airway collapse across
a wide range of disease severity, but symptom control is lim-
ited.”® This is due in part to poor usage in those with mild to
moderate disease’ and also relates to a failure to address un-
derlying pathophysiologic factors, including obesity. Manage-
ment of these patients needs to be widened to involve other
approaches, including weight reduction.

In addition to the association with OSA,*!” obesity is an im-
portant risk factor for insulin resistance, coronary heart disease,
and stroke.!' A 1-standard-deviation increase in body mass index
(BMI) has been shown to be associated with a 4-fold increase in
the relative risk of having OSA." Data from both the Wisconsin
cohort and the Sleep Heart Health Study have shown that a 10%
decrease in body weight is associated with a 30% improvement in
AHL."*! In our own study of 114 subjects with mild to moderate
OSA, 90% were either overweight or obese.” Although weight
loss is an excellent therapeutic target in this group, we do not
suggest that body weight reduction will reduce sleep disordered
breathing (SDB) to the same extent as does CPAP (when used).
However, it is likely that symptom responses may be equivalent
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for 2 reasons. First, daytime sleepiness is caused in part by obe-
sity per se (mediated by elevated levels of inflammatory cytok-
ines, including tumor necrosis factor-o'*) and will thus respond to
weight loss through 2 separate mechanisms. Second, fewer than
50% of patients with mild to moderate OSA will consistently use
CPAP (defined as 4 hours per night for 70% of nights),? thus re-
sponse to this treatment modality is limited.

Recognizing that obesity is a common precipitant for OSA
and a contributing cause to significant cardiometabolic morbidity
in these patients, many physicians recommend weight loss and
exercise. This is rarely effective—most likely due to the lack of
clinical programs that meet the specific needs of these patients.
In other patient populations, initial weight loss of 10% has been
shown to be both feasible and beneficial,'™!” particularly using
very-low-energy diets.'”® A meta-analysis of randomized con-
trolled trials comparing diet alone with diet and exercise revealed
that the diet and exercise strategy yielded significant additional
weight loss over that achieved with diet alone and furthermore,
improved the likelihood of this weight loss being maintained in
the long term." An exercise program alone is beneficial for OSA
and has been suggested as adjunctive therapy.”

A reduction in OSA severity and some improvement in car-
diovascular measures with a weight-loss program have been
shown previously, but the evidence base is limited.?'*> A recent
study® provided the best evidence to date supporting the use
of a lifestyle intervention as effective treatment of OSA. This
randomized controlled trial of a very low energy—based diet
in participants with mild OSA (apnea-hypopnea index [AHI]
5-15) showed significant weight loss and an improvement in
SDB, snoring and plasma insulin and triglyceride levels, which
were maintained 1 year after enrolment. The study program did
not include exercise or record the amount of physical activity
that subjects undertook.

In the current study, we investigated the feasibility and ef-
ficacy of a 16-week very low energy—based diet in association
with a supervised exercise program in patients with mild to
moderate OSA.

METHODS

The study was approved by the Austin Health Human Re-
search Ethics Committee, registered with the Australian Clini-
cal Trials Registry (# 12606000465550), and all subjects gave
written informed consent.

Research staff approached 21 consecutive patients, seen at
the sleep clinic, who had a BMI greater than 30 kg/m?, a diag-
nostic sleep study showing an AHI between 10 and 50 and who
had no significant sleep hypoxemia (oxygen saturation did not
fall below 70%); 9 subjects declined to participate, all because
of time constraints. Polysomnography was done according to
our usual clinical routine, based on a computerized system
(Compumedics, Melbourne, Australia). This routine provides a
comprehensive assessment of both respiratory and sleep-state
variables. Respiratory disturbances were identified as events
lasting longer than 10 seconds, with a 50% or greater decrease
in peak-to-peak nasal pressure or a discernible drop in any 1 of
3 parameters (nasal pressure, thoracic respitrace, or abdominal
respitrace) associated with either an oxygen desaturation of at
least 3% or an arousal.**
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Subjects were excluded if they had significant or unstable
medical or psychological morbidities or were unable to exercise
due to musculoskeletal conditions. Those with insulin-requiring
diabetes, renal failure, or liver failure were also excluded.

Initial Evaluation

Initial evaluation of subjects comprised anthropometry;
blood tests for electrolytes, liver function, C-reactive protein,
insulin, triglyceride, cholesterol, and glucose levels; 24-hour
ambulatory blood pressure; bioelectrical impedance analysis
(an estimation of body-fat percentage); and a neurobehavioral
evaluation using questionnaires for subjective daytime sleepi-
ness (Epworth Sleepiness Scale), mood (Beck Depression Index
and the Profile of Moods States), and quality of life (Functional
Outcomes of Sleep Questionnaire and the SF-36). Symptoms
were evaluated using the Sleep Apnea Symptom Questionnaire,
a well-validated questionnaire that we have used extensively
in our previous research.>’? The Sleep Apnea Symptom Ques-
tionnaire (SASQ) asks subjects to rate 14 common symptoms
of sleep apnea on a 10-point Likert scale from never (0) to al-
ways (10); the maximum score is 140.

A maximal cardiopulmonary exercise test was performed to
exclude any cardiac ischemia or rhythm irregularities and also
provided a baseline assessment of cardiovascular fitness.?s Mus-
cular fitness is a term that describes the integrated status of mus-
cular strength and muscular endurance; the best measure of this
is the 1-repetition maximum test (1-RM).?” A 5-repetition maxi-
mum test was done weekly and from this, an estimated 1-RM
was calculated. This was used in the final evaluation of improve-
ment in muscle fitness with participation in the program.?’

Weight-Reduction Diet

All subjects had an initial 1-hour interview with the study di-
etician to discuss their current diet and the dietary program of
the study. A proprietary very low energy diet (Optifast®, Novar-
tis Medical Nutrition, Basel, Switzerland) was used according to
Figure 1 to initially replace, 3 meals per day, reducing to 2 meals
per day, and then continuing on to replace 1 meal per day. The
dietician provided detailed advice, menus, and suggestions for
the low-calorie meals (introduced at weeks 9 and 13), based on
each individual’s energy requirement, as needed in addition to
that provided by the Optifast. This calculation was based on the
resting metabolic rate and the estimated energy expenditure from
the exercise program, in addition to normal daily activity.”’

Exercise Program

Subjects participated in a hospital-based exercise program
3 evenings per week for the first 8 weeks and then a minimum
of 1 hospital session per week for the next 8 weeks, with the
aim of continuing a similar and sustainable exercise program
at home (see Figure 1). All hospital-based sessions were super-
vised by an exercise physiologist and a physiotherapist.

Exercise consisted of resistance training 3 times per week for
the duration of the study and aerobic training 5 times per week
from weeks 5 to 16. Resistance training was employed during
the early rapid-weight-loss phase of the very-low-energy diet to
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Weeks 1 2 3 4 5 6 7 8 9 |10 (1M |12 |13 |14 | 15 | 16
Diet 3 study meals per day 2 study meals / day 1 study meal / day
3 supervised gym sessions + 1-3 supervised gym sessions +
2-4 home sessions per week 4-5 home sessions per week
Exercise Resistance Training
Aerobic Training
Home program on non attendance days totalling at least 5 sessions/week

Figure 1—The diet consisted initially of 3 very low energy meals per day, reducing to 2 meals per day, and then provided as only breakfast
as subjects were educated on the replacement of these meals with low-calorie home-prepared meals. The exercise program consisted of both
resistance and aerobic training, a minimum of 5 sessions per week. Initially, 3 of these sessions were supervised in the hospital gymnasium;
the number of supervised sessions was gradually reduced as subjects were educated about exercise in the community.

attenuate the loss of fat free mass.?® Training was prescribed at
80% of the estimated 1-RM for 3 sets of 8 to 12 repetitions and
was performed for 7 major upper limb and lower limb muscle
groups. An estimated 1-RM measure was calculated weekly
and intensity progressed accordingly.

Aerobic training commenced in week 5 and was performed
5 times per week using a combination of cycling, walking with
or without an incline, and jogging for up to 40 minutes. Initial
intensity was prescribed at 80% of VO peak, predicted from the
baseline exercise test, and was progressed weekly to maintain
the equivalent target heart rate.

Monitoring

The research assistant kept full records of exercise perfor-
mance outcomes and weighed all subjects weekly. In addition,
exercise and food diaries were checked to ensure that subjects
understood the diet they were using and any queries or concerns
were answered as they arose. The study dietician attended 1
gym session each week to answer any diet-related queries or
concerns.

Outcome Evaluation

At the conclusion of the 16-week program, all subjects
underwent repeat assessment of baseline parameters—poly-
somnography, blood pressure, blood tests, cardiopulmonary
exercise test, and neurobehavioral assessment. One year after
beginning the program, all subjects were contacted by mail and
asked about their current weight, ongoing exercise and diet, and
whether they felt that it would have been of benefit to have had
a structured follow-up program.

Statistics

Analysis of variance for continuous variables using paired
t-tests was used to compare baseline with posttreatment out-
comes. All analyses were intention to treat.

RESULTS

All data are shown as mean (SD) unless otherwise indicated.
Twenty-one patients from the sleep clinic were approached,
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and 12 subjects were enrolled during the 4-week recruitment
period. The reason for not participating in all those who de-
clined was not having enough spare time for the requirements
of the program. There were no differences between those who
declined participation and those who enrolled in terms of sever-
ity of SDB, obesity, or age. Participants had mild to moderate
OSA (AHI 24.6 [12.0], range 11.3 - 48.4); they were middle-
aged (42.3 [10.4] years old) and were predominantly women (9
of 12). Two subjects dropped out, 1 at 2 weeks and 1 at 3 weeks;
1 subject underwent minor ankle surgery in the 10" week, so
was unable to exercise for 5 weeks. She continued on the diet
while immobile and completed the remainder of the study to the
best of her ability. All subjects were heavy snorers, 2 subjects
had preexisting cardiovascular disease, 7 were current smokers
for 8.8 (5.8) pack years, 6 had previously been diagnosed with
hypertension, and 2 had stable type 2 diabetes (1 diagnosed 4
months before the study began and 1 diagnosed 3 years prior to
study participation). They weighed 95.6 kg (12.1 kg) and had a
BMI of 36.1 kg/m? (4.3 kg/m?), a waist circumference of 117.3
cm (11.3 cm), and a neck circumference of 42.0 cm (4.5 cm).

Weight Loss and Exercise Response (Tables 1 and 2)

Subjects lost 12.3 kg (9.6) or 12.9% (7.7%) of their baseline
total body weight. There was a significant reduction in BMI,
body-fat percentage, abdominal girth and neck circumference.
The last measurements for the 2 subjects who failed to com-
plete the study were included as their final measurements. All
subjects were contacted 12 months after program commence-
ment. The 10 who had completed the program responded and
of those, 9 had regained some weight. Weight gain was 8.5%
(6.6%) of weight at program completion; however, the subjects
were still significantly lighter than at study entry (95.6 kg [12.1]
vs 87.6 kg [12.2]). Weight loss from study entry to follow-up at
12 months after program commencement was 8.2% (6.1%, with
a range of weight loss from 0.3 to 27kg (Figure 2). Five sub-
jects had a long-term weight loss of at least 7%. At 12 months,
all subjects said that they had maintained an exercise program
but that regular face-to-face contact would have assisted with
ongoing adherence to a low-energy diet.

Subjects demonstrated a 7% increase in their maximal work
load achieved and a 20% increase in peak oxygen consumption,
which was independent of weight loss. At the equivalent maxi-
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Figure 2—Weight loss was steady throughout the active program.
Subjects gained some weight after exiting from the study, but
overall weight loss was still significant.

mum work capacity (VO,isowork), heart rate was significantly
reduced following the lifestyle program, also indicating improved
cardiovascular fitness. Although the 1-RM was not measured di-
rectly, but estimated from the 5-RM training results, there was
evidence of significantly improved strength outcomes.

Sleepiness, Mood, Quality of Life, and Symptoms of OSA (Table 3)

There was a significant improvement in subjective daytime
sleepiness (Epworth Sleepiness Scale) and a trend to improve-
ment in sleep apnea symptoms (Sleep Apnea Symptom Ques-
tionnaire) (Table 3). Quality of life was shown to improve in
the generic questionnaire, SF-36 but not in the sleep-specific
quality of life questionnaire (Functional Outcomes of Sleep
Questionnaire), although there was a significant improvement
in the activity domain of the Functional Outcomes of Sleep
Questionnaire. The overall Profile of Mood States score showed
no significant treatment response, but there was a significant
improvement in the domains of confusion-bewilderment and
vigor. There was also a significant improvement in depression,
as measured by the Beck Depression Inventory.

All participants described themselves as heavy snorers when
they enrolled in the study. After 4 months, 9 of the 10 subjects
who completed this portion of the study felt that their snoring
had improved noticeably. In the 1 subject whose snoring did
not improve, this was despite significant weight loss and a fall
in the AHI from 17.2 to 6.4. The first question of the symptom
questionnaire asks “How often do you snore?” The mean score
for this response fell from 7.8 (2.5) at baseline to 4.6 (3.9) after
the program, with 8 subjects having an improvement of at least
50% and 7 subjects having a score less than 2 out of 10, which
is considered to be clinically significant.

Cardiometabolic Outcomes (Table 4)

Six of the 12 subjects had previously diagnosed hyperten-
sion; there was a statistically significant reduction in 24-hour
mean arterial blood pressure, 24-hour systolic blood pressure,
and day and night systemic blood pressure. There was a trend
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Table 1—Outcomes: Weight and Exercise

Baseline 16 weeks  p value
Weight, kg 95.6 (12.1)  82.9(11.5) 0.001
BMI, kg/m? 36.1(4.3) 30.1 (4.2) <0.001
Body fat, % 42.9 (9.2) 36.5(9.7) 0.009
Waist, cm 117.3 (11.3)  97.7(8.4) <0.001
Neck, cm 42.0 (4.5) 37.2(3.2) 0.001
Max work, watts 117.8 (37.7) 126.3 (39.4) 0.003
VO,peak, mL/min perkg 17.1 (3.0) 20.9 (5.0) 0.003
HRisowork, bpm 158.4(17.3) 150.8(17.3) 0.02
1-RM (kg, calculated) 40.9 (9.0) 97.0(33.3) 0.03

Data are shown as mean (SD). BMI refers to body mass index;
HRisowork = heart rate at maximum workload achieved on both
testing occasions

for a fall in day diastolic blood pressure, night diastolic blood
pressure and night mean arterial blood pressure. Fasting total
cholesterol and low-density lipoprotein cholesterol both fell
significantly, as did triglyceride level. There was no significant
change in glucose level, but the fasting insulin level fell by
30%. C-reactive protein level fell significantly, as did the liver
enzyme, glutamyl transpeptidase (gammaGT).

Polysomnogram Outcomes (Table 2)

The AHI fell from 24.6 (12.0) to 18.3 (11.9), a reduction of
25%, but this was not statistically significant. Of the 10 sub-
jects for whom a follow-up polysomnogram was done, 6 had a
reduction in AHI and of those, 3 had an AHI less than 10. There
was a significant correlation between weight loss and change
in AHI (R = 0.66, p = 0.04). There were no significant changes
in sleep architecture. Sleep efficiency improved significantly
(p =0.02) from 74.7% (10.7%) to 84.1% (8.6%) and minimum
oxygen saturation showed a trend to improvement from 88.1%
(6.6%) to 89.9% (4.7%). There was no significant correlation
between weight loss and change in any other polysomnograph-
ic outcome.

DISCUSSION

The management of mild to moderate OSA is difficult and
alternative treatment strategies are needed. Current treatment
options are often poorly tolerated, have limited effectiveness,
and do not directly address the major underlying risk factor of
obesity or the associated cardiovascular risk.

In this small cohort study, 10 of our 12 middle-aged par-
ticipants with mild to moderate OSA (AHI 11-48) completed
the 16-week diet and exercise program. On an intention to treat
basis, weight loss was significant, with a mean (SD) weight loss
of 12.9% (7.7%) of total body weight from baseline to post-
treatment.

These results compare favorably with weight loss programs
in other patient groups and are significant in terms of expected
improvement in cardiovascular and diabetic outcomes.” Twelve
months after exit from the active program and with no contact
during that time, all but 1 subject regained some weight, but 5
of the 10 subjects who completed the program had maintained
a weight loss of at least 7% from their entry weight. In addi-
tion, our subjects showed an improvement in physical fitness



Table 2—Weight and AHI Outcomes
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Subject no. Weight, kg AHI, events/hour
Baseline 16 wks AWeight 12 mo AWeight Baseline 16 wks A AHI
1 88.0 70.0 -18.0 76.0 -12.0 11.3 20.7 9.4
2 89.7 71.9 -17.8 90.0 0.30 48.4 39.8 -8.6
3 823 71.2 -11.1 71.0 -11.3 17.2 6.4 -10.8
4 85.0 76.9 -8.1 83.0 -2.0 19.0 21.4 2.4
5 89.0 73.3 -15.7 80.0 -9.0 17.3 6.0 -11.3
6 86.0 74.9 -11.1 80.0 -6.0 31.1 15.2 -15.9
7 102.0 88.2 -13.8 95.0 -7.0 28.1 34.7 6.6
8 108.2 97.5 -10.7 103.0 -5.2 12.1 21.2 9.1
9 100.0 100.4* 0.4 16.7
10 137.0 99.6 -37.4 110.0 -27.0 43.9 5.1 -38.8
11 88.8 85.7* -3.1 30.2
12 91.3 85.0 -6.3 88.0 -3.3 20.3 12.5 -7.8
Mean 95.6 82.5 -12.7 87.6 -8.3 24.6 18.3 -6.6
SD 15.1 11.5 9.6 12.2 7.7 12.0 11.9 14.6
P value 0.001 0.008 0.19

“Weight at last attended visit. AWeight refers to the change in weight from baseline; A AHI, the change in the apnea-hypopnea index (AHI, the
number of apneas and hypopneas per hour of sleep) from baseline. P value refers to the change from baseline

(VO,peak and heart rate at isowork level) that has been shown
to be independently associated with reduction in mortality.*
However, there was only a small and nonsignificant improve-
ment in the AHI, with only 3 subjects achieving an AHI below
10. Clinical outcome measures (subjective sleepiness, quality
of life, mood, and symptoms, including snoring) improved sig-
nificantly; there was a significant improvement or a trend to
improvement in blood pressure measurements and levels of lip-
ids, C-reactive protein (an inflammatory cytokine that is closely
linked with cardiovascular risk®'), insulin, and gammaGT. In
these patients, fasting serum insulin levels indicated a predia-
betic state and gammaGT, a marker of liver inflammation, most
likely reflected fatty infiltration of the liver.

The program we have devised was quite onerous for par-
ticipants, particularly in the first 4 weeks, which required at-
tendance at a supervised exercise session 3 times each week.
Despite this, the agree-to-participate rate was high (12 of the
21 patients approached agreed to do so) and our dropout rate
was low (17%). Those who declined participation cited time
constraints as the predominant reason; this may have led to the
subjects being mostly women and also contributed to the low
dropout rate. There were 2 reasons for incorporating exercise
into this program—the first was the known beneficial effect of
exercise on fitness, cardiovascular health, and weight. Exercise
alone has been shown to improve SDB in the absence of weight
loss.?® The second reason for the exercise component was the
anticipated morale-building benefit of the group dynamics,
which we hoped would improve adherence to the entire pro-
gram. Previous studies in other patient populations have shown
that this group-therapy effect is a more important addition to
a weight-reduction program than are weight-loss drugs,* that
exercise improves long-term maintenance of weight loss™
and that a combined exercise and diet program results in more
weight loss than does diet alone."

The limitations of this study are that it has small numbers of
participants, predominantly women, no control group; and only
1 mail-out inquiry at 12 months for long-term follow-up. Despite
these limitations, we have shown that this diet and exercise pro-
gram is feasible in this patient group, that the subjects achieved
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significant weight loss for the duration of their participation in
the program, that ancillary benefits in terms of cardiometabolic
and neurobehavioral outcomes can be expected and that half of
those who complete the program will have significant long-term
weight loss. These data support the recently published Finnish
study, which also showed significant weight loss maintained to
12 months and improvement in metabolic outcomes. However,
our data suggest the efficacy of this treatment approach in those
subjects with more severe SDB and that a benefit in terms of
symptoms and quality of life, as well as cardiometablic markers,
might be anticipated in a study with more subjects.

The mechanism by which obesity increases the risk for OSA
is likely multifactorial. The upper airway is more collapsible in
the obese; with weight loss, the critical closing pressure (Pcrit)
falls and SDB resolves.* However, it is likely that both an el-
evated mechanical load and impaired neuromuscular response
are required for the development of OSA.3* The mechanical
load may be due to restricted lung expansion caused by both
abdominal visceral fat accumulation impairing diaphragmatic
excursion and chest wall obesity impairing rib cage expansion.
Functional residual capacity and residual volume are therefore
reduced in obese individuals,?” which reduces caudal traction
on the trachea and thus increases the collapsibility of the upper
airway.* Imaging of the upper airway has consistently shown a
reduced airway size, predominantly in the lateral dimension.*
This has variously been attributed to increased size of the lat-
eral pharyngeal fat pads* or to increased muscle thickness in
the lateral pharyngeal wall.*!

OSA may also contribute to obesity. Short sleep duration has
been shown to be associated with obesity**** and high levels of
the obesity-related hormones ghrelin and leptin are seen in pa-
tients with OSA.*6 The concept of leptin resistance in patients
with OSA is further supported by the significant correlation that
has been shown between leptin receptor gene polymorphism
and OSA.Y

Acknowledging that these are uncontrolled data, we have
shown a significant improvement in sleepiness in the absence of
a significant improvement in AHI, supporting the concept that
obesity itself contributes to daytime somnolence independent of
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Table 3—Symptoms, Mood, and Quality of Life

Table 4—Cardiometabolic Outcomes

Baseline 16 weeks  p value
ESS* 8.7(5.1) 6.0 (4.3) 0.04
POMS-TMD -23.1(19.2) -7.5(243) 0.11
BDI 13.5(5.8) 5.6(4.3) <0.001
FOSQ total 3.0 (0.6) 3.5(0.5) 0.07
SF36 total 56.2(13.0) 74.4(15.6)  0.03
SASQ - total 65.7(17.8) 449(259)  0.08
SASQ-snoring 7.8 (2.5) 4.6 (3.9) 0.02

Note: Data are presented as mean (SD). ESS refers to Epworth
Sleepiness Scale; POMS-TMD, Profile of Mood State—Total
Mood Disorder; BDI, Beck Depression Inventory; FOSQ, Func-
tional Outcomes of Sleep Questionnaire; SASQ, Sleep Apnea
Symptom Questionnaire.

OSA. Multivariate analysis in a larger randomized and controlled
study of patients undergoing weight loss would enable a mea-
surement of the separate contribution that weight loss and im-
proved SDB make to the improvement in symptoms, blood pres-
sure, and other important clinical outcomes. We hypothesize that
the diet and exercise program may be as effective as CPAP for
SDB, but due to the ancillary benefits of weight loss, the program
would be of superior efficacy for decreasing daytime sleepiness,
improving quality of life, and reducing cardiovascular risk. There
is little benefit in investing time, energy, and money in a weight-
reduction program that is effective only for the duration of the
intervention; such a program must be subjected to long-term
follow-up and a comprehensive health-economic evaluation.

Obese patients with mild to moderate OSA comprise the most
numerous group of patients who are seen in a sleep clinic. This
diet and exercise program has the potential to deliver significant
health benefits in terms of treating SDB and reducing cardio-
vascular risk, however, no conclusions can be drawn from this
feasibility study. It is important that large, randomized, con-
trolled studies are now conducted that follow participants for at
least 2 years to explore the efficacy of medical weight loss and
clinical benefits in terms of SDB, neurobehavioral, and cardio-
metabolic outcomes.
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Parameter Baseline 16 weeks  p value
Blood pressure (mmHg)
Mean arterial pressure
24-h 92.1(12.0) 89.3(7.1) 0.04
Day 94.8 (11.6)  92.0(6.7) 0.03
Night 85.7(14.0)  81.3(8.8) 0.06
Systolic, 24-h 125.8 (14.0) 120.5(9.8) 0.02
Diastolic, 24-h 77.3(10.6)  73.3(6.3) 0.09
Cholesterol, mmol/L
Total 53(1.1) 4.4 (1.0) 0.006
LDL 3.5(1.0) 2.9(0.8) 0.04
Triglycerides, mmol/L 1.5 (0.8) 1.0 (0.6) 0.003
C-reactive protein, mg/L 7.1 (3.1) 42(2.2) 0.01
Glucose, mg/L 6.1(2.2) 5.8(1.5) 0.37
Insulin, mIU/L 15.5(6.0) 10.7(4.7) <0.001
GammaGT, TU/L 26.9 (14.7)  20.8(9.2) 0.004

Note: Data are presented as mean (SD). LDL refers to low-density
lipoprotein; GammaGT, Glutamyl Transpeptidase.
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