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Introduction: Few studies have compared the effect of sur-
gical and conservative weight loss strategies on obstructive
sleep apnea (OSA). We hypothesized that Roux-en-Y gastric
bypass (RYGB) would be more effective than intensive lifestyle
intervention (ILI) at reducing the prevalence and severity of
OSA (apnea-hypopnea-index [AHI] = 5 events/hour).
Methods: A total of 133 morbidly obese subjects (93 females)
were treated with either a 1-year ILI-program (n = 59) or RYGB
(n=74) and underwent repeated sleep recordings with a por-
table somnograph (Embletta).

Results: Participants had a mean (SD) age 0f 44.7(10.8) years,
BMI 45.1(5.7) kg/m?, and AHI 17.1(21.4) events/hour. Eighty-
four patients (63%) had OSA. The average weight loss was
8% in the ILI-group and 30% in the RYGB-group (p < 0.001).
The mean (95%Cl) AHI reduced in both treatment groups,
although significantly more in the RYGB-group (AHI change
-6.0 [IL1] vs -13.1 [RYGBY]), between group difference 7.2 (1.3,
13.0), p = 0.017. Twenty-nine RYGB-patients (66%) had remis-
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sion of OSA, compared to 16 ILI-patients (40%), p = 0.028. At
follow-up, after adjusting for age, gender, and baseline AHI,
the RYGB-patients had significantly lower adjusted odds for
OSA than the ILI-patients—OR (95% CI) 0.33 (0.14, 0.81),
p = 0.015. After further adjustment for BMI change, treatment
group difference was no longer statistically significant—OR
(95% CI) 1.31 (0.32, 5.35), p = 0.709.

Conclusion: Our study demonstrates that RYGB was more ef-
fective than ILI at reducing the prevalence and severity of OSA.
However, our analysis also suggests that weight loss, rather than
the surgical procedure per se, explains the beneficial effects.
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bstructive sleep apnea (OSA) is a commonly unrec-
ognized condition with an especially high prevalence
among morbidly obese subjects."? OSA is characterized by
apneas and hypopneas due to the collapse of upper airways
and is defined by > 5 apneas or hypopneas per hour during
sleep, as measured by the apnea-hypopnea index (AHI). Mild
OSA is defined as 5-15 episodes of apneas or hypopneas per
hour, moderate OSA 15-30, and severe OSA > 30. A meta-
analysis from 2009 concluded that continuous positive air-
way pressure (CPAP) is a cost-effective treatment of OSA
and that it reduces daytime sleepiness compared to placebo
or usual care.® Accordingly, CPAP is the first-line treatment
and is recommended for all patients with moderate to severe
OSA (AHI > 15).1
Obesity, older age, male sex, and heredity are well-estab-
lished risk factors for OSA,* with obesity being the single most
important modifiable risk factor. In cases of obesity, fat deposits
narrow the upper airways, and abdominal fat masses decrease
the tracheal tension, both increasing the collapsibility of the up-
per airways. If untreated, OSA is associated with increased risk
of diabetes, cardiovascular disease, driving accidents, and all-
cause mortality.®

BRIEF SUMMARY

Current Knowledge/Study Rationale: Weight reduction reduces the
severity of OSA in obese subjects, but the relative efficacy of lifestyle
modifications versus bariatric surgery remains to be established. We
aimed to compare the effectiveness of lifestyle modification and bariatric
surgery in terms of reducing AHI and the severity of OSA.

Study Impact: Gastric bypass surgery was more effective than intensive
lifestyle intervention at reducing the prevalence and severity of OSA in
a population of treatment seeking morbidly obese patients, and the ben-
eficial effect of surgery seemed to be mediated by weight loss. Weight
reduction should have a high priority in the treatment of obstructive sleep
apnea in morbidly obese patients.

The prevalence of OSA in the Wisconsin Sleep Cohort study
was 9% among women and 24% among men.” Recently, we
demonstrated a much higher prevalence of OSA among the
morbidly obese: 55% in women and 80% in men.’

Despite the close relationship between OSA and obesity,
only a few recently published randomized controlled trials have
assessed the effect of weight loss on obstructive sleep apnea.®!°
Tuomilehto et al. examined the effect of a very low calorie diet
followed by lifestyle counseling for one year in overweight and
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obese patients with mild OSA.* The intervention group had
significantly lower odds of having OSA at follow-up than the
control group: OR 0.24 (95% CI 0.08, 0.72). Isolated physi-
cal activity without weight loss may also have a positive ef-
fect on OSA.!" Exercise leads to more muscles and less fat; the
lower pharyngeal pressure from diminished fat deposits might
decrease the severity of OSA.

In the Sleep AHEAD study, intensive lifestyle changes in
overweight and obese patients with type 2 diabetes and mild
to severe OSA were associated with a significant improvement
in AHL® Finally, Johansson et al. reported that in obese men
with moderate to severe OSA, a very low energy 9-week diet
improved OSA, particularly severe OSA, compared to a control
group who adhered to their usual diet."

A recent meta-analysis of 12 surgical studies including
342 patients argued that patients undergoing bariatric surgery
should not expect to be cured of OSA after surgically induced
weight loss. Accordingly, some surgically treated patients will
still be in need of continued CPAP treatment.'? In another meta-
analysis the authors were unable to conclude whether surgically
induced weight loss was associated with greater improvements
in OSA than conservative treatment.'* Further, it remains un-
known whether RYGB may influence the severity of OSA
through a mechanism other than weight loss. To summarize,
weight reduction reduces the severity of OSA, but the relative
efficacy of lifestyle modifications versus bariatric surgery in
terms of reducing AHI remains to be established.

Our main hypothesis was that Roux-en-Y gastric bypass
(RYGB) would be more effective than intensive lifestyle inter-
vention (ILI) at reducing the prevalence and severity of OSA.
To address this issue, we performed sleep recordings both be-
fore the start of each intervention type and one year after.

METHODS

Study Design

This study is part of a non-randomized, controlled clinical
trial; the MOBIL-study (Morbid Obesity treatment, Bariatric
surgery versus Intensive Lifestyle intervention Study) (Clini-
calTrials.gov number NCT00273104). The design and setting
of the study has previously been described in detail.'* A brief
summary of materials and methods is given below.

Setting

The study was conducted at the Morbid Obesity Centre
(MOC) under the auspices of Vestfold Hospital Trust, a region-
al tertiary care center in Health Region South East, Norway.
The intensive lifestyle intervention programme was carried out
at Evjeklinikken, a center specializing in obesity treatment.

All eligible patients underwent a thorough (up to 6 month)
assessment by a multidisciplinary team consisting of an in-
ternist, a dietician, a physiotherapist, and a trained “obesity”
nurse. During the first visit, the internist established a detailed
medical history, checked previous diagnostic workups, per-
formed a physical examination, and briefly informed the pa-
tients of further investigations and treatment alternatives. At
the second visit the doctor reiterated this message, providing
complete information about the possible risks and benefits of an
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operation and also encouraged the patients to incorporate their
own values and preferences in the decision-making process. If
no contraindication against surgery existed, the patient and the
physician together agreed upon the most appropriate choice of
therapy, either surgical or conservative.'®

Participants

The patients were recruited from the MOC and the study ap-
proved by the Regional Ethics Committee (ClinicalTrials.gov-
registry trial number NCT00273104). All patients provided
written informed consent. All patients were morbidly obese,
i.e., BMI > 40 kg/m? or BMI > 35 kg/m? with at least one obe-
sity related comorbidity.'®

A total of 139 patients completed the MOBIL study—63 in
the ILI-group and 76 in the RYGB-group. After the exclusion of
6 patients with missing sleep registrations, (4 in the ILI-group
and 2 in the RYGB group), 133 patients (93 females), 59 in the
ILI group and 74 in the RYGB group were eligible for inclusion.

Intervention

The patients in the ILI-group underwent a 1-year lifestyle
program at a rehabilitation center (Evjeklinikken, Norway). This
program comprised 4 intermittent stays, one lasting 2 weeks and
3 lasting 1 week each (total, 7 weeks). The program included
organized physical activity (3-4 h), psychosocially oriented in-
terventions, and individual consultations with a medical doctor,
nutritionist, physiotherapist, and trained nurse. Those leading
the counseling interviews were trained in motivational inter-
viewing, a client-centered counseling style that aims to invoke
behavioral changes. The patients also took part in group ses-
sions focusing on the emotional aspects of sedentary behavior
and classroom lessons on topics related to nutrition, physical
activity, and comorbidities. Patients were encouraged to fol-
low the guidelines of the Norwegian National Council of Nu-
trition, which recommend that the daily intake of protein, fat,
and carbohydrate, should account for 10% to 20%, < 30%, and
50% to 60% of energy consumed, respectively.'* When at home,
patients were encouraged to self-monitor their lifestyle habits
(e.g., by keeping a physical activity diary and a food diary) and
visit their general practitioner for weight monitoring. They were
contacted by telephone every 2 weeks. The treatment aim was
> 10% weight loss. Vitamin supplements were not prescribed.

Roux-en-Y gastric bypass was performed laparoscopically
with a gastric pouch of about 25 mL." In order to reduce liver
size, surgical patients consumed a low-calorie diet (900 kcal)
for 3 weeks preoperatively.

Variables

An apnea event was defined as > 90% reduction in baseline
nasal air flow lasting > 10 seconds. Hypopnea events were de-
fined as a 50% to 90% decrease in pre-event nasal air flow last-
ing > 10 sec accompanied by > 3% drop in oxygen saturation
and/or signs of awakening or increased stress. Both supine and
non-supine values of AHI were recorded, given that these might
have clinical implications. Oxygen desaturation index (ODI)
was defined as the number of episodes with > 3% drop in oxy-
gen saturation per hour. Oxygen saturation (SpO,), both mean
and lowest value through the night, was measured by a finger
pulse oximeter.



The primary outcome variables were changes in the preva-
lence and severity of OSA in both treatment groups. OSA was
addressed as both a continuous (AHI) and categorical variable
(OSA; yes/no, if yes: mild, moderate, severe). Other outcome
variables were resolution of OSA (AHI cutoff 5) and improve-
ment of moderate or severe OSA (AHI > 15) to mild or no OSA.
OSA was categorized as mild (AHI 5-14), moderate (AHI 15-
29), or severe (AHI > 30). Scoring rules were in accordance
with the 2007 American Academy of Sleep Medicine (AASM)
manual for the scoring of sleep.!”

The main explanatory variable was treatment group. Other
possible explanatory or confounding variables were age, gen-
der, anthropometric measures (BMI, weight, and neck circum-
ference), and baseline AHI.

Data Sources/Measurement

Portable monitors were used for somnography such that each
patient could be monitored in their natural sleeping habitat with
their everyday pre-bed rituals. Portable sleep diagnostic sys-
tems like the Embletta have a high sensitivity and are consid-
ered reliable in the diagnosis of OSA, as there are few false
positive results compared to polysomnography. '

For the sleep registrations, we used Embletta, a portable
multi-channel recorder consisting of a nasal cannula, 2 piezo-
electric belts, a finger pulse oximeter, and a body position de-
tector. To monitor respiratory movements, 2 piezoelectric belts
were placed around the thorax and abdomen. To avoid interra-
ter variation, Embletta recordings were manually scored by the
same person (JMF).

Patients received both written and oral instructions regard-
ing equipment usage. Patients equipped themselves, and reg-
istrations were manually scored the following day. Treatment
was provided according to current guidelines.* Patients already
using CPAP had a one-week washout period prior to the sleep
registration where they did not use the machine. A case report
form (CRF) was completed for all patients.

Statistical Methods

Data are given as either mean (SD) or proportions (%) un-
less stated otherwise. All patients (n = 133) were included in
the analysis of the change in prevalence of OSA, while only
patients with OSA at baseline (n = 84) were included in the
analysis of changes in the severity of OSA. Skewed data were
transformed using natural logarithms. Between-group compari-
sons at baseline were analyzed using independent samples t-test
for continuous variables and Fisher exact test for categorical
variables. Within-group comparisons were performed using
paired samples t-test for continuous variables and McNemar
test for dichotomized variables. Between-group differences
in outcome variables were assessed using t-test, Fisher exact
test, and multiple logistic regression analyses with predefined
explanatory variables.

In the first logistic regression model, the effect of treatment
choice on the prevalence of OSA was adjusted for established
confounding factors; baseline AHI, age, and gender. In a second
analysis we further adjusted for BMI change.

In supplementary analyses, BMI change was replaced with
either weight change or neck circumference. AHI cutoffs at
both 5 and 15 events/h were used in the regression analyses.

OSA after Weight Loss Comparison Study

Table 1—Baseline  demographics,  anthropometric
characteristics, and sleep registration data in 133 morbidly
obese subjects by treatment group (intensive lifestyle
intervention or Roux-en-Y gastric bypass surgery)

Lifestyle Surgery
(n=59) (n=74)
Age (years) 474 (1.1) 42.7 (1.0)*
Gender % (male/female) 2872 31/69
Anthropometric measures
BMI (kg/m?) 43.0 (5.0) 46.8 (5.8)*
Body weight (kg) 124 (18) 138 (23)
Neck circumference (cm) 40.9 (4.2) 42.7 (4.1~
Sleep registration
AHI (events/h) 15.5(19.3) 17.9 (22.5)
ODI (events/h) 14.1 (15.6) 19.3 (23.7)
Sp0, (%) 93.0 (4.4) 93.7 (2.5)
Lowest O, (%) 81.0 (9.6) 79.4 (13.0)
Patients with AHI = 5 40 (68) 44 (60)
Patients with AHI = 15 15 (25) 26 (35)
Patients with Mild OSA 25 (42) 18 (24)
Patients with Moderate OSA 7(12) 10 (14)
Patients with Severe OSA 8 (14) 16 (22)

*p <0.001, **p < 0.05. Data are presented as number (%) or mean (SD).

To address the issue of multicollinearity, we assessed the
variance inflation factor (VIF) in the logistic regression mod-
els. Statistical analyses were performed using SPSS 17.0 (SPSS
Inc., Chicago, IL, USA).

RESULTS

Baseline Characteristics

Baseline demographic and anthropometric characteristics of
the 133 morbidly obese patients are listed in Table 1. A total of
84 patients (63%) had OSA (32% mild, 13% moderate, and 18%
severe). The prevalence of mild, moderate, and severe OSA did
not differ significantly between groups (p = 0.159). The mean
AHI, ODI, SpO,, and lowest SpO, did not differ significantly
between the 2 intervention groups at baseline (all p>0.16). The
RYGB patients were significantly heavier and younger than the
ILI patients.'

Effect of the Interventions

Compared with baseline, the prevalence of OSA was sig-
nificantly lower after treatment in both the ILI-group (46% vs
68%) and the RYGB-group (20% vs 60%) (Figure 1). In addi-
tion, a significant number of patients changed from an AHI > 15
events/h (requiring CPAP) at baseline to AHI < 15 (not requir-
ing CPAP) at follow-up: 19 subjects (73%) in the RYGB group
and 8 subjects (53%) in the ILI group, within-group difference,
p < 0.001 and 0.039, respectively, between-group difference
p = 0.306 (Figure 1).

Among the 84 patients with OSA at baseline OSA sever-
ity reduced in both groups, although significantly more in the
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Table 2—Sleep registration and anthropometric characteristics in 84 morbidly obese patients with OSA (AHI = 5) at baseline and
1-year follow-up, according to treatment group (intensive lifestyle intervention or Roux-en-Y gastric bypass surgery)

Between
group
Baseline Within-group changes differences
Lifestyle (n = 40) Surgery*** (n = 44) Lifestyle (n = 40) Surgery (n = 44) p-value***
Age (years) 51.3(8.9) 46.5(9.4)
Gender % (male/female) 38/62 43/57
Anthropometric measures
BMI (kg/m?) 43.9(5.3) 47.5 (5.6) -4.2(-54,-2.9) -14.0 (-15.1, -12.9)* <0.001
Body weight (kg) 127.4 (19.6) 141.5(20.5) -12.1(-16.0, -8.3)* -42.0 (-45.7, -38.3)* <0.001
Neck circumference (cm) 41.8 (4.4) 439 (3.7) -0.3(-2.2,1.6) -5.1(-5.7, -4.5)* <0.001
Sleep registration
AHI (events/h) 21.8(20.9) 29.3 (24. 8 (-14.2,-3.4)* -21.6 (-28.2,-15.0)* 0.003
ODI (events/h) 19.9 (16.1) 30.2 (24. 6(-10.2, -1.1)* -22.9 (-29.6, -16.1)* <0.001
Snoring (% of night) 19.5 (21.5) 24.2 (23. 2(-12.5,2.1) -14 4(-22.1,-6.7)* 0.085
Sp0, (%) 926 (3.4) 92.8 (2.5 8(-0.4,1.9) 3(1.6,3.0 0.021
Lowest O, 78.0 (8.2) 75.8 (9.4 0(1.3,6.7)~ 0(6.2,11.8)* 0.012
Supine AHI 23.6 (22.3) 41.5 (31. 5.4 (-12.4,1.6) 29 5(-40.0,-19.0)* <0.001
Non supine AHI 21.7(23.9) 25.9 (28. 10 2(-17.0,-3.3)* -22.6 (-30.3, -15.0)" 0.018

*p <0.001, **p < 0.05, **between-group difference. Data are presented as number (%) or mean (SD or 95% Cl).

Figure 1—Percentage of patients with specified AHI at
baseline and after 1-year of treatment
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Proportion of patients with an apnea-hypopnea index (AHI) = 5 events/h
and AHI = 15 events/h, respectively, in 133 morbidly obese patients before
(baseline) and after (1-year) treatment through an intensive lifestyle
intervention (ILI) program or Roux-en-Y gastric bypass (RYGB) surgery.

Figure 2—Change in OSA category after treatment
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Percentage distribution of change in OSA category (none, mild, moderate,
or severe) of 84 morbidly obese OSA patients treated with either intensive
lifestyle intervention (ILI, 40 patients) or Roux-en-Y gastric bypass surgery
(RYGB, 44 patients).

RYGB group than in the ILI group (Table 2). AHI reduced sig-
nificantly more in the RYGB than in the ILI group, mean be-
tween group difference (95% CI) 7.2 (4.4, 21.2) events/h, p =
0.003. BMI-change correlated significantly with the change in
AHI, r=0.273, p = 0.001. Mean SpO, improved in both treat-
ment groups, but was significantly better in the RYGB group.
Snoring improved in both groups, but there was no significant
difference between groups.

At follow-up, remission of OSA (AHI < 5 events/h) was
registered in 29 of 44 (66%) RYGB patients and 16 of 40
(40%) ILI patients, between group difference p = 0.028. An-
other 5 (13%) ILI patients and 7 (16%) RYGB patients im-
proved to a less severe level of OSA at follow-up (Figure 2).
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A total of 3 patients in the ILI group and one in the RYGB
group deteriorated from no OSA to mild OSA. One RYGB
patient and two ILI patients with mild OSA deteriorated to
moderate OSA, and one patient in the ILI group deteriorated
from moderate to severe OSA. AHI was reduced, with 0.93
events/h per kg weight reduction in the ILI group and 0.52 in
the RYGB group, mean between-group difference (95% CI)
0.41 (-0.6, 1.4), p = 0.405.

Predictors of OSA at One Year

Treatment choice was an independent predictor of the pres-
ence of OSA (AHI > 5 events/h) at one year after adjusting for
age, gender, and baseline AHI. The surgical patients had a 67%



lower odds of OSA at one year (OR [95% CI] 0.33 [0.14, 0.81],
p = 0.015). After adding BMI change to this model treatment
group assignment was no longer significant: OR (95% CI) 1.31
(0.32, 5.35), p = 0.709. There was no significant interaction
between gender and treatment group in a multivariate logistic
regression model (data not shown).

DISCUSSION

Our findings suggest that gastric bypass surgery is more
effective than intensive lifestyle intervention at reducing the
prevalence and severity of OSA in morbidly obese patients.

Although the proportion of patients with remission of OSA
was higher in the RYGB group than in the ILI group, it should
be noted that 2 of 5 patients in the ILI group had remission of
OSA (compared to 2 of 3 in the RYGB group). The beneficial
effect of ILI on remission of OSA should not therefore be un-
derestimated.

To the best of our knowledge, no prospective clinical trial has
compared the effects of bariatric surgery and intensive lifestyle
intervention on the severity or resolution of OSA. Our findings
are, however, in accordance with previous observational stud-
ies addressing the effect of bariatric surgery?? and lifestyle
intervention.®® In accordance with our findings, a recent meta-
analysis of 12 studies focusing on the effects of bariatric sur-
gery reported an average 71% reduction in AHI events.'” The
ILI patients reduced their weight by approximately 10% and
their AHI by approximately 40%. This also corresponds well
with the findings of a study that found a 50% reduction in AHI
when patients reduced their body weight by 10% to 15%.%

Although the beneficial effect on OSA was more pronounced
in the RYGB group, multivariate analyses indicated that this ef-
fect seemed to be mediated by weight loss rather than treatment
choice. It is widely accepted that weight loss leads to improve-
ment in OSA?; comparing different methods of weight reduc-
tion and their effects on OSA might therefore be useful in the
determination of appropriate treatment options. Body composi-
tion and the distribution of muscles and fat deposits also play a
role in the pathogenesis of OSA, not only body weight.

We have previously published data demonstrating a greater
increase in the physical activity levels of the lifestyle group
than the surgery group.' We cannot exclude the possibility of
an independent effect of physical activity on sleep apnea, but,
unfortunately, our study was not powered to address this hy-
pothesis. The majority of patients with absolute indication for
CPAP (AHI > 15) at baseline improved to mild/no OSA at fol-
low-up—73% in the RYGB group and 53% in the ILI group.
The apparent lack of significant difference between groups
might be explained by the relatively low number of patients
(type II error). Nonetheless, CPAP is an effective treatment op-
tion, but many patients struggle with the use of the machine.
Compliance is at best moderate, and prescription of the de-
vice is considered by some patients to be stigmatizing. Even
though CPAP use helps improve quality of life,”® one should
not disregard the many reservations patients might have. The
positive effects of CPAP cessation, often overlooked, ought to
be further investigated. Our results indicate that both RYGB
and ILI may reduce the need for CPAP-treatment in morbidly
obese patients.

431

OSA after Weight Loss Comparison Study

The strengths of the present study include the prospective
design and the relatively high number of patients in two com-
parable groups. Although the RYGB subjects were slightly
heavier and younger, the two treatment groups were not sig-
nificantly different in terms of baseline AHI and gender. This
study has a number of limitations. Firstly, it suffers from a lack
of randomization, which was after ethical and legal consulta-
tions considered unethical.'* Our center is a public health care
provider; according to national guidelines patients should be of-
fered either conservative or surgical therapy in an obesity clinic
based on the multidisciplinary team model.'* Randomization to
surgery would therefore be obsolete if the patient both wanted
and qualified for a lifestyle intervention program, and vice ver-
sa. Second, as the intensive lifestyle intervention was delivered
in the form of a residential program this could limit the gener-
alizability of the results. Further, compliance with respect to
physical activity and CPAP usage was not registered. Intakes of
alcohol and sedative drugs were not addressed.

The subjects were mainly Caucasians, limiting the generaliz-
ability of our findings to other ethnicities. We used a portable
sleep recorder, which is the most widely used device in Scandi-
navia. Consequently, we could not score sleep stages and had to
rely on a sleep diary and time in bed to define when patients slept.

CONCLUSION

Gastric bypass surgery was more effective than intensive
lifestyle intervention at reducing the prevalence and severity
of OSA in a population of treatment seeking morbidly obese
patients. The beneficial effect of surgical treatment seemed to
be mediated by weight loss rather than RYGB per se. Intensive
lifestyle intervention was also associated with significant im-
provements in OSA.
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