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Summary

Obesity is a significant risk factor for obstructive sleep apnea syndrome (OSAS), and has also
been linked to reductions in sleep quality and quantity. Weight loss has been shown to be an
effective treatment for improving OSAS; however, there is a high degree of variability in
improvements of OSAS in response to weight loss. There are three modalities of obesity
therapies: 1) lifestyle modification, which includes changes in dietary intake and physical
activity, along with behavioral interventions; 2) pharmacologic agents; and 3) bariatric surgery.
Individuals have a highly variable response to the various obesity interventions, and maintenance
of weight loss can be especially challenging. These factors influence the effect of weight loss on
sleep disorders. There is still a need for large, well-controlled studies examining short- and long-
term efficacy of weight loss modalities and their impact on long-term treatment of OSAS and
other sleep parameters, particularly in youth. Nonetheless, given our current knowledge, weight
reduction should always be encouraged for people coping with obesity, OSAS, and/or sleep
disruptions and resources identified to assist patients in choosing a weight loss approach that will

benefit them the most.
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1.1 Introduction

Over the past decade, the relationship between obesity and sleep has become more
salient. Obesity has been identified as an important risk factor for the obstructive sleep apnea
syndrome (OSAS) [1-6]; therefore, this syndrome will be the main focus of this review. OSAS
is a common disorder with prevalence estimates of 15-25% in adult men and 5-10% in adult
women [6-11], and between 2-15% in children [2, 12, 13]. It is associated with intermittent
hypoxemia, hypercapnia, arousals and sleep fragmentation. Symptoms include snoring, snorting,
pauses in breathing, mouth breathing and daytime sleepiness. Children may also exhibit
hyperactivity or daytime behavioral problems [14-16]. In adults, there is an association with
increased morbidity and mortality, stroke, hypertension, atrial fibrillation, injuries, and cognitive
impairment and Alzheimer’s disease [17-21]. Short- and long-term effects of untreated OSAS in
pediatric patients include significant morbidity such growth failure [22], systemic [23-25] and
pulmonary hypertension [26, 27], endothelial dysfunction [28, 29], and cognitive and behavioral
deficits [16, 30-34]. Children who have both obesity and OSAS have increased cardiometabolic
risk compared to children who are obese without OSAS. They also present with sleepiness,
attention and executive dysfunction, mood concerns, and decreased quality of life [35-41]. There
are little data regarding the long-term consequences of having both pediatric obesity and OSAS.

One common risk factor for OSAS in adults is excess adiposity [4-6, 10, 11, 42]. An
estimated 1% increase in BMI is associated with a 3% increase in the apnea hypopnea index
(AHI) [4]. Inchildren 2-5 years of age, the most common cause of OSAS is adenotonsillar
hypertrophy. However, as the prevalence of obesity in youth has dramatically increased, it is

now recognized as a significant contributor to OSAS, particularly in adolescence [1-3]. Further,



there is a bidirectional relationship such that OSAS may promote further weight gain or may
hinder weight loss efforts [42-48].

There are currently three interventions for weight loss: lifestyle modification altering diet
and/or physical activity along with behavior change procedures, pharmacologic and surgical
modalities. Often pharmacologic and surgical therapies are paired with lifestyle modification
strategies. However, these are more limited in the pediatric population, reserved for the most
severely obese and most often delayed until adolescence. We will discuss the three main
modalities of weight loss as they relate to sleep with a primary focus on OSAS. Their impact on
sleep duration, sleep architecture, and insomnia will also be discussed.
2.0 Lifestyle Modification Interventions (LMI) for Weight Loss
2.1 Obstructive Sleep Apnea Syndrome
LMI for weight loss focus on modifications to dietary intake, changes in sedentary and/or
physical activities/exercise along with behavioral procedures (such as keeping food and activity
logs, goal setting, stimulus control, and managing emotional eating and food cravings). LMI
result in reduction in measures of adiposity of 4%-10% [49-52]; however, there is a high rate of
relapse over time [51, 53-57]. Early, non-randomized studies suggested a relationship between
weight loss and improvements in OSAS [58-63], but were conducted with small sample sizes
andprimarily utilized very low-calorie diets (VLCD), with a high degree of variability between
studies. More recently, several larger randomized controlled trials (RCTs) evaluating LMI on
OSAS in adults have been conducted [64-67] (Table 1). Average weight losses from diet or diet
plus LMI range from 3-18% with improvements in AHI ranging from 3-62% [68, 69].

The LookAHEAD Study is the most comprehensive RCT comparing diet plus an

intensive lifestyle intervention (ILI) to diabetes education and support (DSE) in patients with



obesity, type 2 diabetes. A 10% reduction in initial weight was associated with a 20%
improvement in AHI at 1 year [64]. An 11 kg weight reduction yielded a change in AHI by -5.4
+ 1.5 events/hr in the ILI group compared to a -0.6 = 0.7 kg weight reduction and increase of
+4.2 + 1.4 events/hr in the DSE group at 1 year. Further, three times the number of participants
in the ILI group had total remission of their OSAS at 1 year compared to those in a DSE [64]. At
year 2, weight reductions from baseline were -7.4 + 0.7 kg (ILI) vs. -0.8 £ 0.7 kg (DSE) with
corresponding changes in AHI of -3.8 £ 1.5 events/hr (p<0.001) vs. 4.2 + 1.4 events/hr (p<0.001;
between groups, p<0.001), respectively. By year 4, changes in weight were diminished in ILI at -
5.2+ 0.7 kg vs. -0.8 £ 0.7 kg in DSE. However, AHI changes remained at -4.0 £ 1.6 events/hr
(p=0.015) (ILI) vs. 3.7 £ 1.6 events/hr (DSE) (p=0.02; between groups p=0.001) [70]. Further,
greater weight losses were associated with AHI reduction at year 4 [45, 70]. For both groups,
every kilogram of weight loss had a 0.43 improvement in AHI. Greater changes in AHI occurred
in individuals with higher baseline [70]. Remission of OSAS at year 4 was five times more
common in ILI participants than DSE, and more than twice as many ILI participants compared to
DSE participants improved their OSAS category.

Studies examining LMI and pediatric OSAS are limited. Two prospective studies
examined behavioral weight loss on OSAS, both of which utilized a multidisciplinary inpatient
intervention consisting of dietary restriction, physical activity, and psychosocial support [71, 72].
Of the children participating in the weight loss intervention, 61% (N=37/61) and 24% (N=9/38),
respectively, were diagnosed with OSAS. Following intensive intervention, weight losses
reduced AHI/respiratory disturbance index (RDI), but residual OSAS persisted in 33-38% of
youth [71, 72]. There is an important need for more research examining the effects of LMI for

weight loss in youth with OSAS and other sleep disorders.



These studies, as well as those presented in Table 1, indicate that weight losses from LMI
have a positive effect on OSAS in the short- and long-term despite weight regain over time.
However, in many cases, the effects are not curative. The amount of weight loss required to
eliminate OSAS is not exact and there is variability in weight loss response to LMI, as well as in
OSAS response to weight loss. Individual variability may be attributed to baseline weight and/or
AHI, comorbidities, and other physiologic mechanisms.

2.2 Insomnia, Sleep Duration, and Sleep Quality

Three recent RCTs compared LMI for weight loss to a control condition regarding sleep
quality and duration, and symptoms of insomnia [43, 73, 74]. In Sleep AHEAD (described
above) [43], there were no differences in changes in sleep duration [total sleep time (TST)],
continuity [wake after sleep onset (WASO)], and architecture of stage 1, 2, slow wave and rapid
eye movement (REM) sleep between ILI and DSE groups, nor did they differ from baseline to
year 1, 2, and 4. For all participants, changes in weight were not related to any sleep stages or
TST at years 1, 2, and 4. A significant positive association was found for WASO with weight
change. Overall reductions in AHI and not weight, over the 4 years was associated with
increased REM and stage 2 sleep, and decreases in stage 1.

In a RCT examining weight loss intervention on sleep in obese [73], participants were
prescribed the same diet (1200-1800 kcal/day depending on baseline weight) and physical
activity goals (gradually increasing physical activity to 180 min/week) and randomized to
differing amounts of behavioral support: 1) Usual Care (UC), 2) Brief Lifestyle Counseling
(BLC), or 3) Enhanced Brief Lifestyle Counseling (EBLC). Weight losses at month 6 were 2.0 +
0.5 kg, 3.5 £ 0.5 kg, 6.6+£0.5 kg, respectively, with all groups statistically differing from each

other. Although sleep duration increased in all groups at month 6, as assessed by the Pittsburgh



Sleep Quality Index (PSQI) [75], no statistically significant differences were observed (12.6 £
8.4 mins, 6.6 = 8.4 mins, and 6.6 + 8.4 mins, respectively). At month 24, weight losses were 1.7
+0.7inUC,29+0.7in BLC, and 4.6 £ 0.7 ELBC from baseline. Sleep decreased from baseline
to month 24 by 9.0 £ 9.0 mins in UC but increased 6.6 £ 9.0 mins and 13.8 £ 9.0 mins in BLC
and EBLC (p>0.05). However, those who lost > 5% vs. those who lost <5% of initial weight
increased sleep by 21.6 £ 7.2 mins vs. 1.2 £ 6.0 mins (p=0.0003). Further, PSQI scores decreased
(improved sleep) from baseline to months 6-24 in all groups, but there was no effect of treatment
group. This study suggests that losing > 5% of initial weight may be associated with
improvements in sleep duration and quality.

Tan and colleagues conducted a 6 month RCT of an individualized diet that optimized
nutrient composition with face-to-face and on-line counseling sessions (N=28) versus continued
habitual lifestyle (N=21) among overweight and obese men (N=49) with chronic insomnia
symptoms [74]. Sleep was assessed with a piezoelectric bed sensor, sleep diary, Epworth
Sleepiness Scale (ESS), and the Basic Nordic Sleep questionnaire. At month 6, weight (-1.1 kg
vs. +1.3 kg), waist (-0.7 cm vs. +1.7 cm), and fat mass (-0.7 kg vs. +0.9 kg) all significantly,
albeit modestly, decreased compared to controls (ps<0.05). The intervention group also had
shorter objective sleep onset latency (SOL) determined by the bed sensor after intervention
compared to controls (p<0.001). No other objective or subjective measures differed between
groups. Within the intervention group, TST (p=0.004), SOL (p<0.001) and sleep efficiency
(p=0.004) improved, and participants reported less nocturnal awakenings (p=0.035) and nocturia
(p=0.001). No significant relationships were found between weight change and objective sleep
measures, although weight changes were modest.

2.3 Exercise and Sleep



Exercise is often key in LMI. While physical activity does not contribute to acute weight loss, it
is a contributor to weight loss maintenance [57, 76] and improvements in sleep quantity and
quality, OSAS and insomnia. A focus on physical activity and sleep is beyond the scope of this
review and the reader is referred to several reviews on the topic [77-81].
3.0 Pharmacologic Agents for Weight Loss

The addition of weight loss medication to LMI can significantly improve weight loss.
Sibutramine paired with LMI had shown similar results of weight loss on OSAS as described
above [82, 83]; however, it has been withdrawn from the market due to cardiovascular adverse
effects. Orlistat is a pancreatic lipase inhibitor that reduces intestinal absorption of fat and is
approved by the U.S. Food and Drug Administration (FDA) for adults and adolescents for weight
loss. The efficacy of orlistat on weight is modest, ranging from losses of 2.5-3.5 kg in adults [84,
85] and BMI changes of -0.5 to —4.2 kg/m? in adolescents [86, 87] .However, studies utilizing
orlistat failed to assess sleep or sleep-disordered breathing. Similarly, the combination of
naltrexone and bupropion extended release (NB) has been approved for weight loss, but no trials
reporting sleep parameters have been conducted. In a pooled analysis of three phase 3, 56-week,
randomized placebo-controlled studies utilizing NB, the percentage reduction of initial weight
was 7.2-7.5% [88]. In trials examining use of NB for weight loss in obese and overweight
patients, incidence of insomnia occurred in 9.2% on drug compared to 5.9% on placebo [89].

Lorcaserin is a selective serotonin (5HT2c) agonist developed for obesity treatment

without the adverse effects on the heart observed with fenfluramine [84, 90]. Lorcaserin
prescribed as 10 mg twice daily resulted in significantly greater weight losses in two RCTs
(BLOOM: N=3182; BLOSSOM: N=4004) [91, 92] and is FDA-approved. Lorcaserin-treated

participants obtained a 3.2% greater reduction in initial body weight than those on placebo at 1



year. None of the RCTs include assessment of sleep or sleep disorders nor are there studies
describing the relation between lorcaserin and its effects on sleep or sleep disorders.

Different classes of medications for control of blood glucose levels [93-95] vary on their
effects on weight, including some that contribute to weight gain (e.g., insulin secretagogues),
some are weight neutral [e.g., dipeptidyl peptidase-4 (DDP-4) inhibitors and alpha-glucosidase
inhibitors] and some facilitate weight loss [e.g., glucagon-like peptide-1 receptor agonists (GLP-
1 RA) and sodium-glucose co-transporter 2 (SGLT2) inhibitors] [94]. Their potential use in the
treatment of obesity and the relation to sleep is limited. Metformin has been studied as it relates
to sleep-disordered breathing; however, given its primary indication is not weight loss, it will not
be reviewed here. Medications with indications for weight loss and in which sleep has been
evaluated will be reviewed.

The combination of phentermine (Phen)/topiramate (TPM) extended release (ER) is
FDA-approved as an adjunct to lifestyle modification for treatment of obesity/overweight . In a
phase 2 RCT examining Phen/TPM ER plus LMI on moderate to severe OSAS, significant
weight losses and reductions in AHI were seen at weeks 8 and 28 compared to placebo plus LMI
[96]. Weight changes of -6.0 kg (0.63) in Phen/TPM ER were significantly greater than losses of
-2.3 kg (0.63) in placebo at week 8 (p=0.0002), which corresponded to reductions of AHI of -
26.4 events/hour (3.44) in Phen/TPM ER compared to -10.1 events/hour in placebo (p=0.0009).
Improvements increased at week 28 with weight losses of -11.0 kg (1.2) in those treated with
Phen/TPM ER versus -4.5 kg (1.21) in placebo (p=0.0006), as well as AHI reductions of -31.5
+4.25events/hour versus -16.6 + 4.15 events/hour (p=0.0008), respectively (Table 1).

Liraglutide is a glucagon-like peptide-1 (GLP-1) analog that has recently received FDA

approval for weight management. There is also preliminary evidence from that suggest a link



between GLP-1 receptor signals and circadian systems and disordered sleep [95]. A 32-week
RCT of 3.0 mg of liraglutide plus diet and physical activity counseling (N=180) versus placebo
plus the same counseling (N=179) was conducted in non-diabetic patients with obesity and
moderate to severe OSAS [97]. Mean change in body weight from baseline was -6.0 + 0.5 kg in
liraglutide versus -1.9 + 0.4 kg in placebo (p<0.0001). Likewise, BMI and waist circumference
were statistically different between groups, favoring liraglutide over placebo (ps<0.0001). Mean
change in AHI was -12.2 £ 1.8 events/hour in liraglutide versus -6.1 + 2.0 events/hour in placebo
(p=0.015) (Table 1); however, treatment assignment, independent of weight loss, did not
significantly affect the change from baseline to week 32 (p=0.82), indicating that the treatment
effect was driven by weight loss. Similar to LMI alone, there was a statistically significant
association between degree of weight loss and improvements of AHI: that losing >15% of initial
weight had the greatest reductions in OSAS. Lowest oxyhemoglobin saturation (SpO,) (%),
percent of time with SpO, <90%, TST (mins), WASO (%), and ESS total score were not
statistically different between groups [97].

Liraglutide has also been examined in a retrospective observational study of routine
clinical practice as it relates to excessive daytime sleepiness (EDS) in obese participants with
type 2 diabetes (N=158) [98]. There was a mean reduction of body weight, BMI, and waist
circumference from baseline to 3 months post initiation of liraglutide of 4.4 kg, 1.7 kg/m?, 3.2
cm, respectively. ESS score significantly decreased by -1.5 + 3.0 (p<0.0001), and the change in
ESS was associated with reduction in body weight (r=0.269, p<0.05); however this change may
not be clinically relevant as the sample did not indicate sleepiness at baseline (baseline ESS was

5.9 4.5),



It appears that approved pharmacologic agents for weight loss may benefit OSAS;
however, very few studies have examined sleep parameters as an outcome. Further, there are no
pediatric trials. Given the benefits of adding pharmacologic agents to LMI in inducing greater
weight losses than LM alone, and that greater weight losses have been shown to improve OSAS,
there is a great need for large RCTs examining the effects of adding medications for weight loss
on sleep parameters.

4.0 Weight loss surgery

The most frequent weight loss surgical methods include gastric bypass and the gastric
sleeve. Both significantly improve induction and maintenance of weight loss and offer the
greatest losses, with bypass yielding the largest losses and more is often indicated for specific
cases (e.g., type 2 diabetes). The gastric sleeve has become a preferred surgery over the last few
years [99]. Weight loss often results in improvement or cure of OSAS and improvement of EDS
[100-102]. However, there is great variability in treatment response and the amount of weight
loss required to eliminate OSAS is not clear. Laparoscopic gastric band surgery was approved by
the FDA in 2001. However, this technique has fallen out of favor due to its rate of reoperation. A
recent comprehensive study that analyzed the reoperation rate of 25042 Medicare beneficiaries,
who underwent gastric band placement between 2006 and 2013, showed that 18.5% underwent
reoperations. Importantly, the average rate of procedures per patient was 3.8 [103].
Biliopancreatic diversion is another effective surgical method utilized for the extremely obese.
Nonetheless, it accounts for less than 2% of weight-loss surgeries worldwide possibly due to
associated malnutrition [104]. The current article will mostly focus on gastric bypass and gastric

sleeve.



Peromaa-Haavisto et al published a one-year follow up of 187 middle-aged adults who
underwent Laparoscopic Roux-en-Y Gastric Bypass (LRYGB) [102]. The prevalence of OSAS
decreased from 71% to 44%. However, moderate or severe OSAS still persisted in 20% of the
patients after the surgery. Importantly, all patients lost weight (mean 32 kg) and weight loss did
not correlate with OSAS improvement. Similar findings were reported by del Genio et al. who
followed 36 patients with OSAS who underwent gastric sleeve surgery for 5 years [101]. The
AHI improved in 80.6% (29/36) of patients after surgery from 32.8 + 1.7 events/hour t0 5.8 + 1.2
events/hour (p=0.001). Surprisingly, AHI improvements did not correlate with weight loss (BMI
from 51.3 + 11.6 kg/m? pre-operatively to 32.1 + 6.6 kg/m?,5 years after surgery, p <0.001) or
with neck circumference (46.6 + 3.7 cm pre-operatively to 42.1 + 2.4 cm, 5 years after surgery, p
<0.001) . They also reported reduction in ESS from 16.7 £ 2.4to 7.1 £ 1.3 (p= 0.001). Another
study followed 289 obese patients with OSAS who underwent Roux-en-Y Gastric Bypass
(RYGB), 101 of whom underwent a post-operative polysomnogram 11 months (median) after
bariatric surgery [100]. The BMI decreased from 56 + 1 kg/m? to 38 + 1 kg/m? (p<0.001) and the
RDI from 51 + 4 to 15 +2 events/hour (p<0.001). ESS decreased from 10 + 1 to 4 1, p <0.0001.
This study showed a modest but significant correlation between the BMI and RDI (r= 0.27,
p<0.001).

A study in China followed 44 obese adults with OSAS and type 1l diabetes treated with
LRYGB [105]. They found that the change in AHI was correlated significantly with preoperative
weight (r=0.298, p<0.05), preoperative waist circumference (r=0.307, p<0.05), and preoperative
insulin resistance (IR) index (r=—0.301, p<0.05). Interestingly, the pre-operative BMI was 31.1 +
3.4 kg/m?, much smaller than western reports. ESS also decreased from 6.8 + 4.7 to 3 + 2.7

(p<0.001). Based on the aforementioned studies and other research presented in Table 2, we



conclude that weight loss surgery significantly improves OSAS; however, it is not possible to
pre-operatively predict the level of improvement. This is possibly due to the interaction of
anatomic factors and upper airway (UA) neuromotor function as both are instrumental to
maintain airway patency during sleep [106, 107]. Weight loss surgery may reduce UA fat
deposition but not necessarily change UA neuromotor function.

In addition to improvements in EDS, weight-loss surgery has been reported to improve
subjective sleep quality, sleep duration and modifies sleep architecture. Toor et al studied 45
obese adults before and after weight loss surgery and compared them with 45 non-obese controls
[108]. Participants completed the PSQI [75]. Obese participants reported poor sleep quality at
baseline, including difficulty breathing, coughing or loud snoring, feeling too hot, and
experiencing pain during the night. They also had decreased sleep duration, 6 hours vs. 7.2 hours
in controls. Importantly, sleep quality as reported by the PSQI and BMI correlated independently
with sleep duration. Participants were retested 3-12 months after surgery and obese participants
showed significant improvement in both sleep quality and sleep duration. Specifically, the PSQI
decreased from 8.8 preoperatively to 4.6 post-operatively (p<0.001) and sleep duration increased
from 6 to 6.7 hours (p<0.001). These changes did not correlate with changes in BMI. A
retrospective review of 19 obese adolescents before and after weight loss surgery, 14 of whom
had OSAS, showed improvement in sleep efficiency (80.2% vs. 73.1%, p=0.01), reduced time in
stage 1 sleep (7.2% vs. 3.7%, p=0.04), and reduced arousal index (7.6+ 0.6/h vs. 11.3+1.2,
p=0.01)[109]. This study did not include EDS measures. However, it is possible that the
improvement in sleep architecture may have resulted in reduced daytime sleepiness.

Conclusions



Obesity is associated with OSAS and disruptions in sleep duration and quality. The reader is
referred to two articles in this issue, “Epidemiology of sleep in relation to obesity, insulin
resistance, and metabolic syndrome” and “Sleep influences on obesity, insulin resistance, and
metabolic syndrome” for closer examination. Initial lifestyle, pharmacological and surgical
therapy studies suggest that weight loss is associated with improvements in OSAS, sleep
duration, and sleep quality, although with a high degree of variability in improvements observed.
More research is needed to assess long-term effects of weight loss, as well as mechanisms of
action, by different weight loss modalities on OSAS, insomnia, sleep duration, and sleep quality.
Currently, long-term studies are promising with greater response for OSAS with those who
maintain weight loss, especially in the pediatric population, who may experience significant
long-term health benefits. Given our current knowledge, weight reduction should always be
encouraged for people living with obesity, OSAS, and/or sleep disruptions and resources

identified to assist patients in choosing a weight loss approach that will benefit them the most.



Table 1. Weight loss and obstructive sleep apnea in subjects undergoing behavioral lifestyle modification and/or medication and

polysomnography
Authors Participant Weight Loss Intervention Weight Outcomes Sleep Outcomes
(year) Characteristics
Tuomilehto et 81 men and RCT: Intervention vs. Control Intervention vs. Control from
al, 2009 [65] women Very low calorie diet (VLCD) (N=40) | from baseline to 12 months baseline to 12 months
and visits with nutritionists at 2, 4, 6,
AHI=5-15 8, 10 wks. With general Weight: AHI:
events/hr (Mild) | recommendation to increase physical | -10.7% vs. -2.4% -4vs..0.3
activity and exercise
BMI=28-40 BMI: When all participants
kg/m? Control group (N=41) single session | -3.5vs. -0.8 combined, a weight reduction
of counseling with a physician and of 5 kg from initial body
study nurse weight was associated with
reduction of AHI of 2 units.
Tuomilehto et N=71 2 year follow up of RCT above: Intervention vs. Control 2 Intervention vs. Control 2

al., 2010 [110]

(see above)

N=35 in Intervention group
N=36 in Control group

year follow up from
baseline

BMI:
-24+21vs.-1.0+2.6

Weight:
-7.3+65vs.-29+£75

year follow up from baseline

AHI:
-46+49vs.-05+9.3

A weight reduction of 5 kg
from initial was associated
with reduction in AHI of 2.1
units.

>15 kg weight loss associated
with reduction of 6 units in
AHI.




Johansson et
al., 2009 [66]

Johansson et
al., 2011 [111]

63 obese men

BMI=30-40
kg/m?

AHI > 15 treated
with continuous
positive airway
pressure (CPAP)

N=63

RCT:
Liquid VLCD for 7 weeks, followed
by 2 weeks of gradual introduction of
food until week 9 (N=60)

Control Group: Usual diet for 9 weeks
(N=33)

Observational: Control participants
from above RCT crossed over to
intervention and completed same

intervention as above and all
participants underwent weight loss
maintenance phase
(weeks 9-52):

Maintenance Intervention: Three, one

hour group therapy meetings every
month led by a nurse and dietitian plus

each patient was seen by a nurse for

anthropometry measurements and a

dietitian for individual dietary advice.

Intervention vs. Control
from baseline to week 9

Weight:
-18.7+4.1vs. +1.1£1.9

BMI:
-5.7+1.1vs. +0.3+0.6

73% of intervention
patients were non-obese
BMI at week 9 vs. 0 in
control

Intervention vs. Control
from baseline to 1 year

Weight:
-12.1+9.0

BMI:
—3.7+2.7

Percent Body Fat:
-39+£3.7%

Intervention vs. Control from
baseline to week 9

AHI:
-25+17vs. -2+5

In intervention group, a dose-
response relationship existed
between weight loss change
in AHI (r=0.4, p=0.04).

Intervention vs. Control from
baseline to 1 year

AHI:
-17 £ 16

Epworth Sleepiness Scale:
—2+3

Foster et al.,
2009 [64]

264 overweight
and obese men
and women

RCT:
Diet + Intensive Lifestyle Intervention
including prescription to increase
physical activity to 175 min/week of

ILI vs. DSE baseline to 12
months:

Weight:

ILI vs. DSE baseline to 12
months:

AHI:




Kunaet al.,
2013 [70]

Shechter et al.,
2017 [45]

Diagnosed with
type 2 diabetes

moderate intensity exercise (ILI)
(N=139)

Diabetes Support Education (DSE)
(N=125)

RCT from above: 2- and 4-year
outcomes

RCT from above

-10.8+0.7vs.-0.6 £ 0.7

BMI:
-3.8+0.3vs.-0.2+0.3

ILI vs. DSE baseline to 2
years

Weight:
-74%£0.7vs.-0.8+0.7

ILIvs. DSE at 4 years

Weight:
-5.2+0.7vs.-0.8+£0.7

Years 1, 2, and 4
See above

54+15vs.+42+14

Participants with 10 kg or
more of weight loss had the
greatest reductions in AHI.

ILI vs. DSE baseline to 2
years

AHI:
-3.8+15vs.42+14

ILIvs. DSE at 4 years

AHI:
-40+16vs.3.7£16

ILI vs. DSE from baseline to
year 1

REM-AHI:
-10.6 +3.7vs. 5.4 + 3.7

NREM-AHI:
-51+26vs.3.0+26




Adjusted for weight change:
REM-AHI:
-8.0+3.7vs.40+3.6

NREM-AHI:
-25+2.6vs.08+25

ILI vs. DSE from baseline to
year 2

REM-AHI:
-7.1+13vs.1.3+3.6

NREM-AHI:
-3.7+26vs.40+26

Adjusted for weight change:
REM-AHI:
-5.8+3.6vs.0.2+3.6

NREM-AHI:
-25+26vs.21+26

ILI vs. DSE from baseline to
year
4

REM-AHI:
--12.0 £+3.8vs.-3.9+3.8




NREM-AHI:
-3.3+2.vs.3.0+2.38

Adjusted for weight change:
REM-AHI:
-11.0+3.7vs. -5.6 £ 3.8

NREM-AHI:
-3.2+26vs.1.0+27

Kajaste et al.,

31 obese men

Initial 6 week VLCD

From baseline, weight

From baseline, change in

2004 [67] with a diagnosis change at: ODl, at:
of OSA After 6 weeks, individualized CBT +
dietary counseling two to four timesa | 6 months: -19.1+10.2 6 months: 23 + 18
month during the first 6 months, once
a month during the next 6 months, and | 12 months: -18.3+13.2 12 months: 25 + 23
every second month during the second
year. However, patients were allowed | 24 months: -12.6£14.7 24 months: 32 + 26
to regulate the process themselves.
Correlations between changes
in weight and in ODI4 were
0.59 (P<0.01) at 6 months,
0.68 at 12 months (P<0.01)
and 0.75 (P<0.01) at 24
months
Barnes et al., 12 obese men VLCD using meal replacements From baseline to week 16: From baseline to week 16:
2009 [112] and women with | followed by introduction to low calorie

mild to moderate
OSA

diet plus supervised resistance and
aerobic exercise program over 16
weeks

Weight:
-12.9% = 7.7%

AHI:
-24.6+121t0-18.3+11.9
(25% reduction)

A significant correlation
between weight loss and




change in AHI (R = 0.66, p =
0.04).

Sleep efficiency improved
significantly from 74.7
+10.7%. to 84.1 + 8.6%

Nerfeldt et al., 24 menand 9 8 weeks LCD using meal replacement | From baseline to month 24: | From baseline to month 24:
2010 [113] women (800 kcal) with gradual advancement
BMI=33-50 to eat balanced low calorie diet with | Weight: AHI:
kg/m? group support. Group meetings 122 +19t0110 £ 15 43+ 24t028+19
AHI=6-93 once/month for 3 months, at 6 months,
once/month until 2 year follow up. BMI: ODly:
19 on CPAP and 40+5t035+3 42 +23t023+15
4 used
mandibular Arousal Index:
retaining devices 24+ 151011+ 11
ESS:
9+4t05+3
Kemppainen 52 men and RCT: Intervention vs. control Intervention vs. control from
etal., 2008 women Intervention (N=26): a VLCD with a from baseline to month 3 baseline to month 3
[114] BMI=28- 40 supervised lifestyle program
kg/m? BMI: -5.4 vs. 0.49 AHI: -3.2+9.2vs.-1.3+£5.5
Mild OSA Control Group (N=26): Routine
lifestyle counseling Significant correlation
between reduction of AHI
and change in BMI (r=0.393,
P=0.04)
Winslow et | 45 men and Phase 2, randomized, double-blind, Phen/TPM ER vs. Placebo | Phen/TPM ER vs. Placebo at
al., 2012 [96] | women with placebo-controlled study of at week 8 week 8
moderate to phentermine/topiramate extended
severe OSA release (Phen/TPM ER) + lifestyle | Weight: AHI:




modification (N=22) vs. placebo +

-6.0 +0.63 vs. -2.3 + 0.63

-26.4 +3.44vs. -10.1 £ 3.44

BMI=30-40 lifestyle modification (N=23)
kg/m? Phen/Top vs. Placebo at Phen/Top vs. Placebo at
week 28 week 28
Weight: AHI:
-11.0+£1.24vs.-45+£1.21 | -31.5+4.25vs.-16.6 £4.15
PSQI: a significant difference
between treatment and
placebo in the mean change
in PSQI at Week 28
ESS:
No significant differences
were reported between
treatment groups in the ESS
evaluation at Week 8 or 28.
Blackman et | 359 men and RCT, double-blind placebo-controlled | Liraglutide vs. Placebo at Liraglutide vs. Placebo at
al., 2016 [97] | women with study of 3.0 mg of liraglutide + diet week 32 week 32
moderate to and physical activity lifestyle
severe OSA modification counseling every 4 weeks | Weight: AHI:

BMI > 30 kg/m?

AHI > 15

(N=180) vs. placebo + diet and
physical activity lifestyle modification
counseling every 4 weeks (N=179)

6.0+ 0.5Vvs. -1.9 + 0.4
(P<0.0001)

BMI:
-22+0.2vs.-0.6+0.1

122+ 1.8* vs. -6.1 + 2.0*
(P=0.015)

ODly;
95+ 1.7%10-5.2 + 1.9*
(P=0.06)

ESS:
2.5+0.3%vs. -2.3 + 0.3*
(P=0.15)




FOSQ:
13+0.2%vs. 1.1+ 0.1*
(P=0.16)

Data presented as Mean Change + SD (when available) or *SE.

Abbreviations: BMI: body mass index; AHI: apnea hypopnea index; ODI,: Oxygen Desaturation Index of 4 Percent; PSQI: Pittsburgh
Sleep Quality Index; ESS: Epworth Sleepiness Scale; Phen/TPM ER: phentermine/topiramate extended release combination
medication; FOSQ: Functional Outcomes of Sleep Questionnaire

Units of AHI is events/hr, BMI is kg/m?, and weight is kg unless otherwise indicated.




Table 2. Weight loss and obstructive sleep apnea in subjects undergoing weight-loss surgery and
polygraphy or polysomnography.

Authors, Participants | Type of surgery | Weight outcomes Sleep outcomes
year N
Pre-op Post-op | Pre-op Post-op
BMI BMI AHI AHI
(kg/m?) | (kg/m? | (N/hour) | (N/hour)
Peromaa- 132 LRYGB 43.9+6.4 | 33.0£5.1 | 27.6+24.6 | 9.9+11.2
Haavisto,
2017 [102]
del Genio, | 36 Gastric sleeve 51.3£11.6 | 32.1+6.6 | 32.8+1.7 5.8+1.2
2016 [101]
Zou J, 2015 | 44 LRYGB 31.1+3.4 | 244426 | 22.4+£17.8 | 7.1+9.4
[105]
Fredheim 44 RYGB 475+£5.6 | 33.5" 29.3x24.1 | 7.7"
JM, 2013
[115]
Rao A, 350* Laparoscopically | 45.2 [33- | 30 [23- | 38.1[16.6- | 13.2[0.6-
2009 [116] adjustable gastric | 60] 40] 137.7] 91.7]
banding
Varela JE, | 56 LRYGB 49.9+9 Not 35+10 Not
2007 [117] reported. | 29 reported.
73% participants | No
mean required participant
excess CPAP required
weight CPAP
loss
Haines KL, | 101 Roux-en-Y 56+1 38+1 5144 1542

2007 [100]

Gastric Bypass




Poitou C, 35 LRYGB or 51.3t1.4 | 39.9+1.3 | 24.5£2.7 9.7£1.3
2006 [118] laparoscopically
adjustable gastric
banding

Data presented as Mean + SD or median [range] Laparoscopic Roux-en-Y Gastric Bypass
(LRYGB), Roux-en-Y Gastric Bypass (RYGB)

*A sub-set of 75 participants underwent post-operative polysomnography and only data of this
subset are presented.

ASD not provided
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Highlights

e Three modalities of obesity therapies exist: 1) lifestyle modification of eating and activity
habits, along with behavioral interventions; 2) weight loss medications; and 3) bariatric
surgery.

e Initial lifestyle, pharmacological and surgical studies suggest weight loss is associated
with improvements in obstructive sleep apnea syndrome (OSAS), sleep duration, and
sleep quality, although there is a high degree of variability.

e Large, well-controlled studies examining the efficacy of weight loss modalities and their
impact on long-term treatment of OSAS and other sleep parameters, particularly in youth,

are needed.



