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OBESITY IS A MAJOR RISK FAC-
tor for obstructive sleep ap-
nea (OSA). The estimated
prevalence of OSA in obese

adults varies from 42% to 48% in men
and 8% to 38% in women.1 Obstruc-
tive sleep apnea is strongly related to
obesity and associated conditions such
as type 2 diabetes and hypertension.2

Individuals with OSA are at greater risk
of stroke, cardiac disease, psychoso-
cial morbidity, cognitive dysfunction,
and impaired quality of life.3-5

Therapy for symptomatic OSA fo-
cuses on methods to reduce upper air-
way resistance and prevent obstruc-
tion, such as continuous positive airway
pressure (CPAP),6 oral appliances,7 and
upper airway surgery. However, in se-
verely obese patients, none of these op-
tions treats the accompanying obe-
sity. Observational studies of major
weight loss following bariatric sur-
gery suggest substantial remission of
OSA symptoms in up to 60% to 80% of
patients.8 However, in the studies where
repeat polysomnography was avail-
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Context Obstructive sleep apnea (OSA) is strongly related to obesity. Weight loss is
recommended as part of the overall management plan for obese patients diagnosed
with OSA.

Objective To determine whether surgically induced weight loss is more effective than
conventional weight loss therapy in the management of OSA.

Design, Setting, and Patients A randomized controlled trial of 60 obese patients
(body mass index: �35 and �55) with recently diagnosed (�6 months) OSA and an
apnea-hypopnea index (AHI) of 20 events/hour or more. These patients had been pre-
scribed continuous positive airway pressure (CPAP) therapy to manage OSA and were
identified via accredited community sleep clinics. The trial was conducted between Sep-
tember 2006 and March 2009 by university- and teaching hospital–based clinical re-
searchers in Melbourne, Australia. Patients with obesity hypoventilation syndrome,
previous bariatric surgery, contraindications to bariatric surgery, or significant cardio-
pulmonary, neurological, vascular, gastrointestinal, or neoplastic disease were ex-
cluded.

Interventions Patients were randomized to a conventional weight loss program that
included regular consultations with a dietitian and physician, and the use of very
low-calorie diets as necessary (n=30) or to bariatric surgery (laparoscopic adjustable
gastric banding; n=30).

Main Outcome Measures The primary outcome was baseline to 2-year change
in AHI on diagnostic polysomnography scored by staff blinded to randomization. Sec-
ondary outcomes were changes in weight, CPAP adherence, and functional status.

Results Patients lost a mean of 5.1 kg (95% CI, 0.8 to 9.3 kg) in the conventional weight
loss program compared with 27.8 kg (95% CI, 20.9 to 34.7 kg) in the bariatric surgery
group (P� .001). The AHI decreased by 14.0 events/hour (95% CI, 3.3 to 24.6 events/
hour) in the conventional weight loss group and by 25.5 events/hour (95% CI, 14.2 to
36.7 events/hour) in the bariatric surgery group. The between-group difference was −11.5
events/hour (95% CI, −28.3 to 5.3 events/hour; P=.18). CPAP adherence did not differ
between the groups. The bariatric surgery group had greater improvement in the Short
Form 36 physical component summary score (mean, 9.3 [95% CI, 0.5 to 18.0]; P=.04).

Conclusion Among a group of obese patients with OSA, the use of bariatric sur-
gery compared with conventional weight loss therapy did not result in a statistically
greater reduction in AHI despite major differences in weight loss.

Trial Registration anzctr.org Identifier: 12605000161628
JAMA. 2012;308(11):1142-1149 www.jama.com

1142 JAMA, September 19, 2012—Vol 308, No. 11 ©2012 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



able, remission of OSA was unusual.9

There have not been any randomized
controlled trials comparing medically
supervised weight loss with bariatric
surgery as a treatment for OSA.

Laparoscopic adjustable gastric band-
ing (LAGB) is a safe and effective weight
loss treatment, with 2-year weight loss
of approximately 20% of initial body
weight achieved.10 We previously dem-
onstrated that randomized controlled
trials comparing surgical weight loss
with conventional therapy are fea-
sible, and LAGB is effective, safe, and
cost-effective.11,12 We conducted a
2-year randomized controlled trial in-
volving 60 severely obese patients com-
paring LAGB with conventional weight
loss therapy for the management of
moderate to severe OSA.

METHODS
Patients with obesity and OSA were re-
cruited from 7 Melbourne, Australia,
sleep clinics between September 2006
and March 2009 and all data were avail-
able for analysis starting in September
2011. All patients provided written in-
formed consent for participation in the
trial andadditionalwritten informedcon-
sent was obtained prior to surgical pro-
cedures. The study was approved by the
human ethics committees of the Alfred
and Avenue hospitals and Monash Uni-
versity in accordance with the guide-
lines of the National Health and Medi-
cal Research Council of Australia and the
Helsinki Declaration, as revised in 2000.

The inclusion criteria were patients
aged 18 to 60 years, body mass index
(calculated as weight in kilograms di-
vided by height in meters squared) of
35 to 55, apnea-hypopnea index (AHI)
of 20 events/hour or more diagnosed
within the previous 6 months with rec-
ommendation to commence CPAP
therapy,13 and at least 3 prior signifi-
cant weight loss attempts. The exclu-
sion criteria were previous bariatric sur-
gery, obesity hypoventilation syndrome
requiring bilevel positive airway pres-
sure, and contraindications to bariat-
ric surgery including cognitive impair-
ment, drug or alcohol addiction, and
significant cardiopulmonary, neuro-

logical, vascular, gastrointestinal, or
neoplastic disease.

Potential participants were screened
initially at sleep clinics and referred to
trial physicians (J.B.D. and L.M.S.), who
explained the study in detail and as-
sessed eligibility. All were provided with
autotitrating CPAP equipment (Auto-
set S8, ResMed). Baseline anthropo-
metric, functional testing, biochemis-
try, and questionnaire data were
collected immediately prior to com-
puter-derived randomization.

Conventional Program

This program delivered the best-
available medical practice for the treat-
ment, education, and follow-up of se-
verely obese patients with moderate to
severe OSA. Dietary, physical activity,
and behavioral programs were individu-
alized. The advice regarding physical
activity encouraged walking and 200
minutes/week of structured activity, in-
cluding moderate-intensity aerobic ac-
tivity and resistance exercise. Dietary
advice was based on the Dietary Guide-
lines for Australian Adults and the
Australian Guide to Healthy Eating
and included a planned daily deficit
of 500 kcal from estimated energy re-
quirements.14-16 All participants were
offered an initial intensive very low-
energy diet (VLED) (Optifast, Nestle-
Australia) program, with the meal re-
placements provided. The VLED meal
replacements continued to be available
for further intensive, intermittent, or oc-
casional use throughout the study.

Surgical Program

Participants underwent 2 weeks of
VLED to reduce liver size prior to place-
ment of an LAGB (LAP-BAND System,
Allergan Health) via the pars flaccida
pathway by 1 of 3 experienced sur-
geons (P.E.O. and W.B. and Stewart
Skinner, MBBS[Hons], PhD, Depart-
ment of Surgery, Monash University),
within 1 month of randomization.17 Ad-
justments to band volume were made
using standard clinical criteria.18

Patients in both programs had open
access to a bariatric physician, sleep
physician, and dietitian, and had their

progress reviewed every 4 to 6 weeks
throughout the 2 years. The manage-
ment of OSA, the intensity, and na-
ture of the lifestyle program were com-
mon to both groups.

Outcome Measures

The primary outcome measure was the
change in AHI, measured by diagnostic
laboratory polysomnography from base-
line to 2 years. Polysomnography was
performed using standard electroen-
cephalogram, electrooculogram, elec-
tromyogram, nasal pressure cannulae,
oronasal thermistor, respiratory induc-
tance plethysmography, finger oxim-
etry, electrocardiography, and video
monitoring for body position. Diagnos-
tic polysomnography at years 1 and 2 was
performed after a 48-hour CPAP wash-
out at the same institution as the initial
test, scored by staff blinded to random-
ization group, and using the same pre-
cise AHI scoring criteria for each study.19

One of the secondary measures was
CPAP adherence, which was moni-
tored with 3 monthly computerized
downloadsrecordingmeanCPAPadher-
ence (in hours) and pressure (in cm
H2O). Other diagnostic polysomnogra-
phy measures included arousal index,
percentages of rapid eye movement and
slowwavesleep, and themeanandmini-
mumoxygensaturation.Wealsoassessed
measures of cardiometabolic risk (of-
fice blood pressure, resting heart rate,
6-minute walk test, levels of fasting
plasma glucose, insulin, triglycerides,
total and high-density lipoprotein cho-
lesterol, and calculated low-density lipo-
protein cholesterol); measured weight,
waist, hip, and neck circumference; and
reported metabolic syndrome status.20

Other secondary outcomes included the
following functional status measures:
Epworth Sleepiness Scale score,21 which
was scored from 0 to 24 with 10 or more
considered abnormal, Short Form-36
Health Survey,22 and Beck Depression
Inventory.23 Adverse events were
recorded throughout the study.

Statistical Analysis

The sample size was selected to pro-
vide a statistical power of at least 80%
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to detect a between-group difference of
50% in AHI (mean of 20 events/hour for
conventional program vs 40 events/
hour for surgical program with an SD of
20 events/hour) at 2 years (P�.05), with
modeling based on our observational
data and expectations of other de-
vices.24-26 Fifty patients were needed to
provide a 95% confidence interval of this
difference with a power of 0.80 or more
(2-tailed). Recruitment size was there-
fore set at 60 to allow for a dropout rate
of up to 20% or for failure to follow the
randomly assigned allocation.

Univariate statistical analysis was per-
formed using SPSS statistical software
version 18 (SPSS Inc), with baseline com-
parisons made using �2 tests for equal
proportion, t tests for normally distrib-
uted outcomes, or Mann-Whitney tests.
A multivariate longitudinal analysis was
performed using the PROC Mixed pro-
cedure in SAS version 9.2 (SAS Insti-

tute Inc), with each patient treated as a
random effect.

Longitudinalmodelswere fittedusing
main effects for group, time, and an in-
teraction between group and time to as-
certain if the groups behave differently
overtime.Covariancestructureswerecho-
sentominimizethecorrectedAkaikeand
Bayesianinformationcriteria.Multipleim-
putation was generated for missing data
using SAS version 9.2 and was based on
theassumptionthatdatawerefromamul-
tivariate normal distribution and were
missingatrandom.Theregressionmethod
was used for imputation with 5 imputed
data setsused foreachvariable.Thepost
hoc relationship between changes in
weight and AHI were explored by divid-
ing weight loss into quintiles and using
comparisons of Pearson correlation co-
efficients and 95% confidence intervals
performed using the Fisher r-to-z trans-
formation.Alocallyweightedsmoothing

(loess) curve was used to indicate non-
linear trends in the scatter plots.

All data were analyzed using the in-
tention-to-treat principle. Continuous
variables were expressed as means and
standard deviations with differences ex-
pressed as means and 95% confidence
intervals. Sensitivity analyses examin-
ing assigned only completer and per-
protocol completer were performed. A
2-sided P value of .05 was considered to
be statistically significant.

RESULTS
Studyparticipant flowandreasons for ex-
clusion are shown in FIGURE 1. There
were no statistically significant between-
group differences in the baseline char-
acteristics (TABLE 1). In the surgical
group, 4 participants did not consent
to surgery but continued in the study
and received conventional therapy;
complete 2-year follow-up data were
available in 28 (93%) of the 30 partici-
pants. Of the 30 participants in the con-
ventional group, the 2-year program
was completed by 28 (93%), and all data
were collected for 26 (87%). One con-
ventional group participant elected to
undergo LAGB surgery soon after ran-
domization. Another conventional
therapy participant was unable to un-
dergo a repeat diagnostic polysomnog-
raphy because he or she was unable to
sleep without the CPAP device.

All bands were placed laparoscopi-
cally with a mean (SD) procedure time
of 70 (14) minutes (range: 40-105 min-
utes). The lengths of hospital admis-
sion were 1 day for 24 participants (92%)
and 2 days for 2 participants (8%). In
the conventional group, 17 partici-
pants chose to use an intensive VLED
program for 4 to 6 weeks, another 5 used
a more conservative initial program; 11
of these 22 elected to use a partial or in-
termittent intensive VLED meal replace-
ment throughout the study.

Weight Loss

The surgical group achieved a signifi-
cantly greater mean weight loss of 27.8
kg (95% CI, 20.9-34.7 kg) from 134.9
kg to 107 kg or a mean of 20.6% (95%
CI, 15.4%-25.7%) of initial body weight

Figure 1. Participant Recruitment, Exclusions, and Flow Throughout the Study

130 Patients assessed for eligibility

2 Did not complete final polysomnography
1 Had received surgery
1 Had received conventional weight

loss program

2 Did not complete final polysomnography
1 Could not tolerate test
1 Refused

28 Completed trial 26 Completed trial

30 Included in primary analysis

26 Included in per-protocol analysis
25 Surgical treatment participants received

surgery
1 Conventional weight loss program

participant received surgery

30 Included in primary analysis

28 Included in per-protocol analysis
25 Conventional weight loss program participants

received conventional weight loss program
3 Surgical treatment participants received

conventional weight loss program

30 Randomized to receive surgical treatment
26 Received surgical intervention as randomized
4 Did not receive surgical intervention as

randomized (received conventional weight
loss program because refused surgery)

30 Randomized to receive conventional weight
loss program
27 Received conventional weight loss program

as randomized
1 Had laparoscopic adjustable gastric banding

outside the study
2 Withdrew

70 Excluded
36 Did not meet inclusion criteria

24 Refused to participate
10 Other reasons

10 Age >60 y
5 Body mass index >55 a

4 Body mass index <35 a

17 Other reasons b

60 Randomized

aCalculated as weight in kilograms divided by height in meters squared.
b Included obesity hypoventilation syndrome, previous bariatric surgery, contraindications to bariatric surgery,
or significant cardiopulmonary, neurological, vascular, gastrointestinal, or neoplastic disease.
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at 2 years compared with 5.1 kg (95%
CI, 0.8-9.3 kg) from 126.0 kg to 121.8
kg or a mean of 2.9% (95% CI, 0.6%-
7.3%) among the conventional group
(P� .001; TABLE 2, FIGURE 2, and eFig-
ure 1 at http://www.jama.com). This
represents a reduction of body mass in-
dex from 46.3 to 36.6 with surgery vs
43.8 to 42.3 with conventional therapy.

Apnea-Hypopnea Index

Bothgroupshadasignificantdecrease in
total AHI between baseline and 2 years,
withadecreaseof25.5events/hour(95%
CI, 14.2 to 36.7 events/hour) from 65.0
events/hourto39.5events/houroramean
of31.4%(95%CI,12.7%to50.2%)(cal-
culated for individuals) in the surgical
groupand14.0events/hour(95%CI,3.3
to 24.6 events/hour) from 57.2 events/
hour to 43.2 events/hour or a mean of
13.5% (95% CI, −5.8% to 32.9%) in the
conventional group (Table 2 and
Figure2).Thebetween-groupdifference
was−11.5events/hour(95%CI,−28.3 to
5.3 events/hour; P=.18) or percentage
changeinAHIof−17.9%(95%CI,−44.3%
to 8.5%; P=.18). The sensitivity analysis
confirmedthattheresultswerenotaltered
by inclusion of only completers when
those in their assigned or per-protocol
group followed the program. Thus, de-
spite thesubstantiallygreaterweight loss
with surgical therapy, there was not a
greater improvement in AHI. An AHI of
less than15events/hour,whichindicates
mildOSA,wasachievedby8participants
in thesurgicalgroup(27%)andby2par-
ticipants in theconventionalgroup(7%)
(P=.04);only1participantintheconven-
tionalgroupachievedanAHIof less than
5 events/hour, which indicates OSA
remission.

A post hoc analysis showed a signifi-
cant positive relationship between the
change in weight and change in AHI
(r = 0.45 [95% CI, 0.22 to 0.63];
P� .001). However, when examined in
the individual groups, the relationship
was demonstrated only in the conven-
tional group (r=0.69 [95% CI, 0.44 to
0.84]; P� .001); in the surgical group,
the analysis yielded r=0.33 (95% CI,
−0.03 to 0.62; P=.07) (conventional
group r of 0.69 vs surgical group r of

0.33; P=.06). Scatterplots (with loess
curves) of change in weight and change
in AHI, and percentage weight loss and
percentage change in AHI (FIGURE 3)
demonstrate an attenuated benefit be-
yond the first 8% to 10% or 10 kg of
weight loss, and great variability of any
change with weight loss (eFigure 2).
Table 2 details the treatment effects on
other polysomnography variables.

CPAP Usage and Adherence

Within the surgical group (n=30), 28
participants had CPAP initiated; how-
ever, at 3 months, only 20 partici-
pants were adherent (mean pressure:

11.9 cm H2O used for 4.9 hours/
night) and at 2 years, only 14 partici-
pants were adherent (mean pressure:
11.6 cm H2O for 5.2 hours/night).
Within the conventionally treated
group (n = 30), 25 participants had
CPAP initiated; however, at 3 months,
only 21 participants were adherent
(mean pressure: 11.7 cm H2O used for
5.9 hours/night) and at 2 years, only 18
participants were adherent (mean pres-
sure: 11.5 cm H2O used for 5.6 hours/
night). There were no significant be-
tween-group differences in CPAP
adherence or mean pressure deliv-
ered.

Table 1. Baseline Characteristics of Participants

No. (%) of Participants

Surgical
Treatment

(n = 30)

Conventional
Weight

Loss Program
(n = 30)

Male sex 17 (57) 18 (60)

Hypertensiona 15 (50) 17 (57)

Diabetes 10 (33) 10 (33)

Depression 12 (40) 11 (37)

Metabolic syndromeb 19 (63) 24 (80)

Mean (SD)
Age, y 47.4 (8.8) 50.0 (8.2)

Body mass indexc 46.3 (6.0) 43.8 (4.9)

Weight, kg 134.9 (22.1) 126.0 (19.3)

Waist circumference, cm 136.1 (13.1) 126.6 (13.1)

Neck circumference, cm 46.8 (4.9) 46.6 (3.8)

Blood pressure, mm Hg
Systolic 137.6 (18.7) 142.2 (16.9)

Diastolic 83.1 (8.2) 86.8 (8.8)

Heart rate, beats/min 73.2 (7.1) 70.1 (8.7)

Apnea-hypopnea index, events/h 65.0 (32.8) 57.2 (30.3)

Available hemoglobin saturated with oxygen, %
During sleep 94.6 (2.7) 94.7 (2.7)

Lowest level 72.5 (13.1) 72.4 (19.2)

Arousal index, events/h 41.6 (31.8) 38.4 (26.0)

Fasting plasma glucose, mg/dL 107.4 (30.6) 103.7 (23.5)

Hemoglobin A1c, % 6.25 (1.1) 6.26 (1.1)

Fasting plasma insulin, µIU/mL 32.0 (22.0) 26.6 (19.1)

Cholesterol, mg/dL
Total 194.4 (42.2) 192.2 (36.1)

High-density lipoprotein 44.8 (10.4) 43.6 (10.4)

Triglycerides, mg/dL 163.7 (83.1) 195.6 (96.9)
SI conversion factors: To convert glucose to mmol/L, multiply by 0.0555; hemoglobin A1c to proportion of total hemo-

globin, multiply by 0.01; high-density lipoprotein and total cholesterol to mmol/L, multiply by 0.0259; insulin to pmol/L,
multiply by 6.945; triglycerides to mmol/L, multiply by 0.0113.

aDefined as blood pressure of 140.90 mm Hg or higher or current use of antihypertensive medication.
bDetermined by the US National Cholesterol Education Program Adult Treatment Panel III requirements of at least 3 of

the following to be met: waist circumference: greater than 102 cm for men and greater than 88 cm for women; tri-
glycerides level: 150 mg/dL or greater; high-density lipoprotein cholesterol: less than 40 mg/dL in men and less than
50 mg/dL in women; blood pressure: systolic, 130 mm Hg or greater and diastolic, 85 mm Hg or greater; fasting
plasma glucose: 110 mg/dL or greater.

cCalculated as weight in kilograms divided by height in meters squared.
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Other Health Outcomes
eTable 1 shows changes in clinical and
laboratory measures of health at 2
years. There were no between-group
differences in blood pressure, fasting
glucose and insulin, or plasma lipid pro-
file. There were no within- or between-
group differences in the use of antihy-
pertensive, diabetes, lipid-lowering, or
antidepressant medication between
baseline and 2 years. Twenty partici-
pants had type 2 diabetes at baseline (10
in each group) and a further 2 in the
conventionally treated group devel-
oped type 2 diabetes during the study.
For those with diabetes (n=22), the
mean hemoglobin A1c levels were 7.2%
(95% CI, 6.4% to 7.9%) for those in the
surgical group (n=10) and 7.3% (95%
CI, 6.4% to 8.1%) in the conventional
group (n=12) at baseline and 6.0%

(95% CI, 5.6% to 6.4%) and 7.0% (95%
CI, 6.3% to 7.7%), respectively, at 2
years. There was a significant within-
group change of −1.26% (95% CI,
−1.97% to −0.55%; P=.003) in those
with diabetes in the surgical group com-
pared with −0.3% (95% CI, −1.16% to
0.5%; P = .46) in the conventional
group; however, the between-group dif-
ference of −0.96% (95% CI, −2.04% to
0.12%; P=.08) was not statistically sig-
nificant.

Functional Outcomes

Baseline health-related quality-of-life
and summary scores on the Short
Form-36 scale were not statistically dif-
ferent between the 2 groups. The sur-
gical group had greater improvement
in scores between baseline and 2 years
for physical role, general health, vital-

ity, and the physical component sum-
mary (mean, 9.3 [95% CI, 0.5 to 18.0];
P=.04 for physical component sum-
mary score; eTable 2). Both groups ex-
perienced a reduction in daytime sleepi-
ness as measured with the Epworth
Sleepiness Scale, reductions in symp-
toms of depression, and improvement
in the 6-minute walk test, but there
were no significant between-group dif-
ferences.

Adverse Events

There was no mortality in either group.
Onepatient experiencedanacuteproxi-
mal gastric pouch dilatation causing ob-
structive symptoms and requiring elec-
tivelaparoscopicreplacementoftheLAGB
1monthlater.Thispatient’shospital stay
waslessthan1dayandtherewerenocom-
plications (eTable 3).

Table 2. Longitudinal Analysis With Multiple Imputation for Missing Data for Polysomnography Variables and Weight at 2 Years

Mean (95% CI)

No. (%)
Missing
at 2 y

P
Value

Surgical Treatment
(n = 30)

Conventional Weight
Loss Program

(n = 30)
Between-Group

Difference

Weight, kg 107 (99 to 116) 121 (113 to 129)
Change in weight, kg −27.8 (−34.7 to −20.9)a −5.1 (−9.3 to −0.8)a −22.7 (−31.1 to −14.3) 2 (3) �.001

Apnea-hypopnea index, events/h 39.5 (28.4 to 50.5)a 43.2 (34.9 to 51.9)a

Change in apnea-hypopnea index, events/h −25.5 (−36.7 to −14.2) −14.0 (−24.6 to −3.3) −11.5 (−28.3 to 5.3) 6 (10) .18
Total sleep time, min 373 (348 to 399) 333 (297 to 370)

Change in total sleep time, min 22.0 (−5.5 to 46.5) 10.5 (−25.5 to 46.4) 11.5 (−39.0 to 62.1) 6 (10) .65
Sleep latency, min 18.6 (11.3 to 26) 24.5 (15.0 to 34.1)

Change in sleep latency, min −6.3 (−13.7 to 1.0) 4.2 (−4.4 to 12.8) −10.6 (−24.4 to 2.3) 6 (10) .11
Sleep efficiency, % 79.8 (75.8 to 83.8) 72.4 (65.3 to 79.6)

Change in sleep efficiency, % 1.6 (−3.4 to 6.6) −3.04 (−9.70 to 3.70) 4.7 (−4.6 to 13.9) 6 (10) .32
Supine sleep, % 47.1 (35.5 to 58.6) 37.0 (25.1 to 48.8)

Change in supine sleep, % 2.9 (−7.6 to 13.4) −1.7 (11.5 to 8.0) 4.6 (−11.3 to 20.5) 6 (10) .57
Slow wave sleep, % 15.3 (10.5 to 20.1) 21.1 (13.1 to 29.1)

Change in slow wave sleep, % 0.7 (−2.7 to 4.1) 2.6 (−3.5 to 8.7) −1.9 (−10.0 to 6.3) 7 (12) .65
Rapid eye movement sleep, % 15.5 (12.8 to 18.2) 11.3 (8.4 to 14.2)

Change in rapid eye movement sleep, % 2.6 (−1.1 to 6.3) −1.6 (−4.7 to 1.5) 4.2 (−1.1 to 9.5) 7 (12) .12
Apnea-hypopnea index rapid eye movement sleep,

events/h
34.0 (21.8 to 46.2) 54.5 (43.6 to 65.4)

Change in apnea-hypopnea index rapid eye
movement sleep, events/h

−32.2 (−49.7 to −14.7)a −13.5 (−26.7 to −0.3)a −18.7 (−44.8 to 7.5) 10 (18) .16

Arousal index, events/h 29.9 (23.2 to 36.7) 33.6 (27.8 to 39.4)
Change in arousal index, events/h −14.9 (−28.0 to −1.8)a −24.9 (−62.5 to 12.7) 10.0 (−32.0 to 52.5) 15 (27) .64

Available hemoglobin saturated with oxygen
During sleep, % 95.5 (94.9 to 96.1) 95.2 (94.9 to 95.9)a

Change during sleep, % 1.2 (0.3 to 2.0)a 0.2 (−1.1 to 1.4) 1.0 (−0.6 to 2.6) 9 (17) .22
Minimum, % 79.0 (73.9 to 84.0) 76.2 (68.0 to 84.3)

Change in minimum, % 7.2 (1.9 to 12.5) 3.7 (−2.8 to 10.2) 3.4 (−6.5 to 13.4) 9 (17) .50
Period when level �90%, min 23.4 (10.3 to 36.5) 28.9 (9.1 to 48.7)

Change in period when level �90%, min −59.4 (−95.6 to −23.2)a −28.1 (−50.8 to −5.3) −31.3 (−77.7 to 15.1) 13 (22) .19
aIndicates significant within-group improvement (P� .05).
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COMMENT
Comparing surgical and conventional
weight loss therapy for the manage-
ment of OSA demonstrated greater
weight loss in the surgically treated
group, however, this did not translate
into significantly greater improve-
ments in OSA. Our study did confirm
that weight loss is associated with an
improvement in AHI, but we found
great variability in the individual ef-
fect. The pattern of improvement in AHI
suggests that much of the benefit is as-
sociated with mild to moderate weight
loss, with limited additional benefit with
further weight loss.

Our findings support the 2 indepen-
dent meta-analyses by Greenburg et al9

and Chang et al27 of before and after case
series trials, in which they concluded
that only a minority of obese patients
with OSA are free of OSA after bariat-
ric surgery. This contrasts with a meta-
analysis of bariatric surgical treatment
groups that described resolution of OSA
symptoms in 85.7% of patients. How-
ever, only 4 of 24 studies (17%) re-
ported polysomnography or AHI out-
comes.8

Data from the present study (and that
from the systematic reviews) do not
support routine cessation of CPAP or
other therapies for OSA following bar-
iatric surgery.9,27 Formal assessments,
including polysomnography, should be
considered before informing a patient
that he or she may cease CPAP therapy.
The clinical picture can be con-
founded by patients self-reporting im-
proved quality of life, sleepiness, sleep
quality, and exercise tolerance after bar-
iatric surgery.

Our findings support a complex,
rather than pure mechanical load,
pathogenesis of OSA in obese individu-
als. The nonlinear relationship may in-
dicate the importance of the state of
weight loss rather than the extent of
weight loss in generating an altered neu-
rohumoral and metabolic-inflamma-
tory milieu influencing defects in neu-
romuscular responses to mechanical
load.28,29 Population studies indicate the
influence of weight on OSA varies with
age and sex, and additional factors such

Figure 2. Weight and Apnea-Hypopnea Index at Baseline, 12 Months, and 2 Years
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Mean values are indicated by thickened lines and 95% CIs are shown for baseline and 2 years by the dashed
lines. An intention-to-treat analysis was used with baseline data carried forward for missing values.

Figure 3. Weight and Apnea-Hypopnea Index at 2 Years
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Baseline data carried forward was used for missing 2-year data. A locally weighted smoothing (loess) curve
was used to indicate nonlinar trends with 50% proportion.
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as boney structures are also contribu-
tors to risk.30,31 Thus the relationship
of the extent of weight loss with im-
provement of OSA needs further inves-
tigation. However, the benefits of mod-
est weight loss have several other major
public health implications32,33 that
should not be diminished by the out-
comes of this study.

Several limitations of this study need
to be recognized. First, the study may
have been underpowered given the ex-
traordinary variance in the effect of
weight loss on AHI. We relied on data
from our observational study that may
have been biased because it relied on
patients volunteering for a follow-up
polysomnography study.25 However,
the clinical relevance of a much larger
study, even if a significant effect of
weight loss on AHI were demon-
strated, would be limited because the
effect of weight loss is highly variable
and incomplete. Second, we used LAGB
surgery, which is associated with a
slower weight loss and a lower mean
weight loss than gastric bypass and bil-
iopancreatic diversion at 2 years fol-
lowing surgery.34 However our data do
not provide a signal that greater weight
loss would achieve a better response.
Third, we restricted the study to those
with a body mass index of 35 to 55 with
moderate to severe OSA. Results in
those in a lower weight range or with
less severe OSA may be different.33 In
addition, this study was not powered
for safety, the wide range of secondary
outcome measures, or to detect differ-
ences in hard end points such as mor-
tality or cardiovascular events.

In conclusion, greater weight loss in
the surgical group did not translate into
better effect as a therapy for OSA com-
pared with conventional weight loss
therapy. While there is a clear overall
response to weight loss, the indi-
vidual effects are variable, incom-
plete, and appear to be related to mod-
est weight loss. This study suggests
caution be used in counseling patients
about the expected benefits of weight
loss for OSA, and that patients losing
weight be assessed appropriately be-
fore ceasing effective therapy.
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