
213 Journal of Clinical Sleep Medicine, Vol. 11, No. 3, 2015

Notably, insuffi cient sleep quantity and poor sleep quality 
cause alterations in the secretion and response to mediators 
involved in appetite stimulation and satiety (ghrelin and leptin, 
respectively). These hormonal alterations increase appetite 
and specifi cally increase cravings for high-calorie foods that 
lead to weight gain.3

The prevalence of obstructive sleep apnea (OSA) in obesity 
ranges from 39% to 98%.4–7 The highest rates are seen in those 
with a BMI ≥ 40 kg/m2.7 Prevalence rates and measures of dis-
ease severity (nocturnal saturation nadir and apnea-hypopnea 
index) may increase several-fold with increasing weight and 
BMI. Among patients being considered for bariatric surgery, 

Introduction: Obstructive sleep apnea (OSA) is common 
among bariatric surgery candidates. After surgical weight loss, 
OSA frequently persists and untreated OSA can lead to weight 
gain. Long-term continuous positive airway pressure (CPAP) 
adherence is unclear and poor adherence may worsen weight 
loss outcomes. We sought to determine the impact of CPAP 
use on long-term weight-loss outcomes in a cohort of bariatric 
patients.
Methods: Long-term observational study of bariatric 
surgery patients with OSA. Patients were evaluated with 
polysomnography preoperatively and one-year postoperatively. 
The cohort was again evaluated a mean of 7.2 years later to 
determine the relationship between long-term CPAP use and 
subsequent regain of weight.
Results: Twenty-four consecutive patients (aged 48.5 ± 9.4 
years at time of surgery; 73% female) were included in the initial 
assessment, and long-term outcome data were available on 22 
subjects. Persistent OSA was documented in 21 of 22 subjects 
(95%) one year postoperatively. Final evaluation occurred 7.2 ± 

2.3 years following surgery. Weight (213.3 ± 39.1 to 235.3 ± 47.1 
lb, p = 0.10) and BMI (32.5 ± 5.4 to 37.3 ± 8.2 kg/m2, p = 0.03) 
increased in most (n = 19, 86.4%) from postoperative to fi nal 
evaluation. CPAP use declined from 83.3% (preoperatively) to 
38.1% (one year) and to 23.8% (fi nal evaluation). BMI increased 
among those not using CPAP at long-term follow-up compared 
to those with continued CPAP use (6.8% v −1.8%, p = 0.05).
Conclusions: In our cohort of bariatric patients with OSA, long-
term adherence to CPAP therapy was poor, and non-adherence 
was associated with weight gain. Ongoing follow-up of OSA in 
this population may help to preserve initial achievements after 
surgical weight loss.
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The prevalence of obesity in the United States has increased 
dramatically in recent decades. Current literature estimates 

that upwards of 66% of the US population is overweight (body 
mass index [BMI] ≥ 25 kg/m2), half of whom are obese (≥ 30 
kg/m2). The fastest growing subpopulations among the obese 
are those with a BMI ≥ 40 kg/m2 (5-fold increase in prevalence 
from 1986 to 2005), and those with a BMI ≥ 50 kg/m2 (10-fold 
increase).1 Comorbidities of obesity, including diabetes melli-
tus, cardiovascular disease, and obstructive sleep apnea have 
risen in concert. Life expectancy in those with morbid obesity, 
particularly those with very severe morbid obesity (BMI ≥ 50 
kg/m2), may be reduced by 5 to 20 years.1 Diet and intensive 
lifestyle interventions have limited effi cacy for durable weight 
loss. The National Institutes of Health Consensus Statement 
specifi es gastrointestinal surgery as a treatment option for pa-
tients with severe obesity (≥ 40 kg/m2 or ≥ 35 kg/m2 and signifi -
cant comorbid disease). Currently, bariatric surgery is the most 
effective therapy for sustained weight loss, decreased morbid-
ity and mortality, and improved quality of life measures.1,2

The evaluation and management of sleep disorders in this 
population is critical, as poor quality and fragmented sleep 
can undermine efforts to lose weight and sustain weight loss. 
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Obstructive sleep apnea is 
common among bariatric surgical candidates and often persists follow-
ing weight loss. Adherence with continuous positive airway pressure 
(CPAP) therapy at follow-up is poor and may impact long-term clinical 
outcomes.
Study Impact: Long-term use of CPAP is dismal among bariatric sur-
gery patients. Weight-loss outcomes are signifi cantly worsened in pa-
tients who do not use CPAP postoperatively.

SCIENTIFIC INVESTIGATIONS
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the prevalence of OSA ranges between 64% and 100%.8–14 In-
creasing BMI, age, and male gender were able to predict the 
likelihood of OSA in patients evaluated for bariatric surgery in 
one recent study.8 Although other markers of pretest probabil-
ity for OSA, such as increased daytime sleepiness (Epworth 
Sleepiness Scale) and the Functional Outcomes of Sleep Ques-
tionnaire (FOSQ), have demonstrated efficacy in predicting 
the likelihood of OSA, these markers have not been reliable 
in predicting OSA severity in bariatric surgery candidates.14 
Therefore universal screening for OSA is typically performed 
in the preoperative evaluation for bariatric surgery.

The literature assessing the impact of surgical weight loss 
on OSA has often been limited by lack of follow-up polysom-
nogram (PSG) data to document disease resolution objectively 
instead relying on surrogate markers such as improvement in 
snoring and daytime somnolence. Use of these subjective sur-
rogate markers may lead patients to feel they no longer require 
CPAP.15,16 Previous research from our institution found that al-
though OSA improved following surgical weight loss, moderate-
to-severe residual disease persisted (mean AHI 24.5 ± 18.1/h) in 
the majority of patients (71%), which by any measure necessi-
tates therapy with CPAP.10 A subsequent meta-analysis evaluat-
ing twelve studies in bariatric patients confirmed this finding.17 
It has been consistently demonstrated that bariatric surgery sig-
nificantly reduces AHI, but in many cases does not completely 
resolve OSA, and clinical variables such as age, gender, and 
preoperative OSA severity may predict residual disease after 
peak weight loss.1 In addition, postoperative CPAP adherence 
is poor in this population. In our initial report of a bariatric co-
hort, only 26% of patients continued use of CPAP after surgery, 
similar to other studies.18,19 Given that untreated OSA can con-
tribute to weight gain, it is likely that non-adherence with CPAP 
may worsen long-term weight-related outcomes.

We sought to evaluate long-term CPAP use and associations 
with weight change in a cohort of bariatric surgery patients 
who had undergone gastric banding at our institution.

METHODS

Subjects
Twenty-four patients who underwent preoperative bariatric 

surgery evaluations between 2003 and 2005 at our sleep disor-
ders center were initially included.10 These patients were evalu-
ated prior to and one year after bariatric surgery. The results 
of this study were previously reported.10 This patient popula-
tion was derived from 145 consecutive patients who presented 
for bariatric surgery during the study period. Bariatric proce-
dures for weight loss were performed on 118 patients; of these, 
25 patients were referred to our sleep center for preoperative 
evaluation. One patient was excluded from this analysis due to 
postoperative death from pulmonary embolus. Otherwise, all 
records were included. The study cohort (n = 24) was evaluated 
with PSG preoperatively and at one year postoperatively to as-
sess for weight change and for the impact of surgical weight 
loss on sleep disordered breathing. Five years after the publica-
tion of this initial study, long-term outcome data were avail-
able for 22 patients (91.7%) of the original study cohort. We 
assessed weight changes and CPAP use to determine pertinent 

associations. The study protocol was approved by our hospi-
tal’s institutional review board.

Measurements
Subjects were clinically evaluated by a board certified sleep 

medicine physician preoperatively and one year postopera-
tively. All patients underwent level 1 in-laboratory, attended 
overnight polysomnography preoperatively and at one year 
postoperatively using a standard 12-channel montage (Sensor-
medics Alpha Somnostar System, Sensormedics, Yorba Linda, 
CA), and studies were scored in 30-s epochs in accordance with 
standard criteria for sleep staging.20,21 OSA was diagnosed in 
accordance with the American Academy of Sleep Medicine 
recommendations during the study period.22,23 At long-term 
follow-up, the investigators reviewed a closed electronic medi-
cal record to abstract clinical data from the primary care man-
ager, sleep medicine provider, and durable medical equipment 
vendor reports (CPAP use). Data collection included age, gen-
der, weight (kg), body mass index (BMI, kg/m2), preoperative 
and postoperative apnea-hypopnea index (AHI, events/h), pre-
scribed CPAP settings, and the continued use of CPAP (based 
on documented use in the sleep medicine physician clinical en-
counter, self-report, and continued mask replacements based 
on durable medical equipment vendor reports).

Endpoints
Our primary endpoint was the absolute change in BMI at 

long-term follow-up. The secondary endpoint was the percent-
age of patients with continued CPAP use at long-term follow-
up. Changes in BMI were correlated with CPAP usage.

Statistical Analysis
We compared continuous variables with the Student t-test 

and analyzed categorical variables with the Fisher exact test. 
All tests were 2-tailed, and p values ≤ 0.05 were assumed to 
represent statistical significance. When applicable, data are 
presented as mean ± standard deviation. All analyses were 
completed using Stata ver. 9.2 (StataCorp, College Station, 
TX).

RESULTS

At the initial evaluation, the mean age of the cohort was 
48.5 ± 9.4 years, and 73% were female. Over the duration of 
our evaluation, the subgroups (those using CPAP versus not 
using CPAP) were similar with regard to age and gender. The 
mean preoperative BMI was 51.1 ± 10.9 kg/m2 (range of 37–73 
kg/m2). At the one-year postoperative evaluation, the mean de-
crease in weight was 121.1 ± 50.2 lb (36% of baseline weight), 
and BMI decreased by 18.6 kg/m2. Preoperative polysomno-
grams demonstrated severe sleep apnea among most of the 
patients, with a mean AHI of 48.2 ± 32.8 events/hour. At one 
year postoperatively, 21 of 22 subjects (95%) had persistent 
obstructive sleep apnea based on repeat postoperative PSG, 
with a mean AHI of 24.5 ± 18.8 events/h, and 36% (n = 8) 
were using CPAP. At that time, one subject had an AHI of 2/h, 
demonstrating reversal of the subject’s sleep apnea, and CPAP 
therapy was no longer indicated. This subject was not further 
considered for analysis of long-term outcome data.
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Mean follow-up duration from time of surgery was 7.2 ± 2.3 
years (range 2.1–10.0 years). At long-term follow-up the mean 
age of the cohort was 56.9 ± 9.0 years. Compared to the one-
year postoperative visit, there were substantial increases in the 
mean absolute weight (213.3 ± 39.1 to 235.3 ± 47.1 lb, p = 0.10) 
and BMI (32.5 ± 5.4 to 37.3 ± 8.2 kg/m2, p = 0.03). The mean 
increase in weight from the one-year postoperative visit to the 
final evaluation was 22.0 lb, or a 10% increase in weight.

CPAP use declined dramatically, from 83% preoperatively, 
to 36% at one year postoperatively, and 23% (n = 5 patients) at 
long-term follow-up (Table 1). We evaluated weight loss out-
comes based on CPAP use at long-term follow-up (Figure 1). 
BMI increased significantly more among those not using CPAP 
at their long-term follow-up compared to those who had been 
adherent to CPAP therapy (6.8 v −1.8 kg/m2, p = 0.05). Patients 
using CPAP lost an average of 1.4 lb per year, compared to an 
average gain of 4.3 lb per year among those not using CPAP.

DISCUSSION

Among our cohort of bariatric surgery patients, the major-
ity had severe OSA preoperatively. Despite substantial weight 
loss, OSA persisted in nearly all individuals. Unfortunately, 
CPAP was discontinued in most. After 7.2 years, the majority 
of patients had regained weight over time. Weight gain was 
significantly greater among those who did not use CPAP post-
operatively (nearly 6 lb differential per year between patients 
who did not use CPAP and those who did use CPAP in the 
intervening years).

Although several studies have assessed long-term weight 
loss outcomes after bariatric surgery, polysomnographic docu-
mentation of residual OSA in these studies is limited. Many 
prior studies reported resolution of OSA based upon surro-
gate markers such as subjective reports by bed partners of re-
solved snoring and patient self-reports of improved excessive 
daytime somnolence or the “feeling” that they can stop using 
CPAP therapy.1 This is unreliable as substantial weight loss 
can reduce fatigue and sleep disruptions, potentially leading to 
a misconception that OSA had resolved. As such, an objective 
assessment of the AHI is needed. Unfortunately, few studies 
have presented follow-up data on residual apnea severity veri-
fied by PSG.12

Studies that objectively document OSA severity based on 
follow-up PSG demonstrate that while patients do experience 

significant decreases in the AHI, moderate severity OSA re-
mains for many. In our population, 71% of patients had mod-
erate-to-severe OSA at one-year follow-up. A meta-analysis 
of 12 trials also reflected that the majority (62%) of patients 
have moderate-to-severe OSA postoperatively with a mean 
AHI > 15 events/hour.10,17 A recent study by Ravesloot et al. 
evaluated 110 bariatric surgery patients with OSA with PSG 
at ≥ 6- and ≥ 12-month follow-up. Only 50 patients completed 
the second follow-up PSG, and the mean AHI declined from 
49.5/h preoperatively to 22.7/h at a mean of 7.1 months and 
17.4/h at a mean of 16.9 months.12 Peak improvements in the 
AHI occurred in the first 6 months, in parallel with weight 
loss. Thereafter, reductions in AHI and weight continued, but 
appeared to plateau. Similar to our results, moderate OSA 
persisted in most. Overall however, reductions in AHI were 
significant, with patients tending to decrease in severity by one 
class (from severe to moderate, moderate to mild, and mild to 
none). Disease severity matters, and patients with mild disease 

Table 1— Comparison of clinical variables and outcome measures over long-term follow-up.
Preoperative Assessment Postoperative Assessment Long-Term Assessment

Weight BMI AHI Weight BMI AHI Weight BMI
Change in 

BMI
Cohort (n = 21) 334 ± 67 51.1 ± 10.9 48.2 ± 32.8 213.3 ± 39.1 32.5 ± 5.4 24.5 ± 18.8 235.3 ± 47.1 37.3 ± 8.2 4.8 ± 5.9
No CPAP (n = 16) 337.9 ± 63.0 50.9 ± 10.4 49.9 ± 31.5 217.4 ± 39.3 32.6 ± 5.1 24.6 ± 13.6 248.3 ± 45.5 39.4 ± 8.6 6.8 ± 8.1
Used CPAP (n = 5) 336.2 ± 85.0 53.0 ± 14.2 49.0 ± 40.7 214.0 ± 31.3 33.8 ± 6.3 29.0 ± 31.7 203.6 ± 37.3 32.0 ± 4.2 −1.8 ± 8.4
p value 0.96 0.72 0.96 0.86 0.67 0.65 0.06 0.08 0.05

Preoperative assessment is the baseline assessment prior to bariatric surgery. The postoperative assessment occurred one-year following bariatric 
surgery. Long-term assessment occurred at a mean of 7.2 ± 2.3 years after surgery. Weight is expressed in pounds (lb); BMI, body mass index (kg/m2); 
AHI, apnea-hypopnea index (events per hour); change in BMI, the absolute change from the postoperative assessment; p values compare the subjects that 
used CPAP postoperatively and those that did not use CPAP postoperatively.
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Figure 1—Comparison of change in BMI over long-term 
follow-up.

The change in BMI is displayed over time between three groups (the 
overall cohort, subjects using CPAP postoperatively, and subjects not 
using CPAP postoperatively). p values are displayed for the three time-
points evaluated (baseline or preoperative, one-year postoperative visit, 
and long-term follow-up), and compare subjects using CPAP versus 
those not using CPAP.
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preoperatively were more likely to be cured than those with se-
vere disease (53.6% v 17.9%, respectively). Although “cure” is 
typically based on reducing the AHI to less than five events per 
hour, alternate criteria may be more realistic, such as a 50% 
reduction in the AHI, or an AHI ≤ 20/h, which occurred in 
over half of the cohort. Although CPAP use was not delineated, 
their results also indicate the need for ongoing evaluation and 
management. The majority of publications evaluating residual 
OSA based upon PSG have found that while the initial reduc-
tion in AHI is profound after surgical weight loss, a significant 
number of patients may have moderate-to-severe residual dis-
ease, which still necessitates CPAP therapy.19,24,25

Unfortunately, literature on CPAP adherence in this popula-
tion is sparse. Although several studies comment on the de-
creased need for CPAP as a marker for improvement in OSA, 
only three studies have published data on rates of CPAP use 
after surgical weight loss, including our prior report on this 
cohort. The other studies demonstrated similarly disappoint-
ing rates of adherence. Haines et al.19 evaluated 349 patients 
referred for PSG prior to bariatric surgery, and 101 patients 
followed-up for postoperative PSG. CPAP use decreased from 
83 patients preoperatively to 31 patients (37.3%) approximately 
one year postoperatively. Similarly, Dixon et al.18 prospectively 
evaluated 25 patients and found that CPAP use decreased from 
14 patients preoperatively to 4 patients (28.6%) at the final an-
nual follow-up. Overall, CPAP use appears to decline dramati-
cally in the months following bariatric surgery as weight loss 
goals are achieved.

Because untreated OSA can lead to weight gain, strategies 
that improve CPAP use and promote better adherence are in-
dicated. CPAP use has been found to improve weight loss out-
comes in overweight and obese patients,26 and untreated OSA 
likely facilitates weight gain3,4 and hinders ongoing weight 
loss. OSA severity has been shown to decrease significantly 
with surgical weight loss, and CPAP requirements do decrease 
in concert.10,19 This is notable, as prior CPAP settings may be 
higher than required to ablate residual sleep disordered breath-
ing following weight loss. Intolerance to an inappropriately 
high pressure may promote abandonment of therapy. Ulti-
mately, a multi-pronged approach to optimizing sleep in this 
population, focusing on sleep quantity, quality, and CPAP ad-
herence may improve clinical outcomes.

Limitations
Our study may be limited by selection bias given the ob-

servational study design, and may be underpowered to detect 
significant differences in clinical outcomes and response to 
therapy due to the small size of our cohort. It is notable that 
the mean BMI in our cohort was 51.1 kg/m2, and nearly all 
patients had severe OSA based on an AHI > 30 events/h pre-
operatively. Because preoperative BMI and OSA severity can 
affect outcomes with regards to weight loss and resolution of 
sleep disordered breathing, our results may not be applicable 
to all patients. CPAP use at long-term follow-up was low and 
limited our ability to perform subgroup analyses. A final po-
tential limitation is that all patients in our cohort underwent 
gastric banding. In the present study, it is not possible to dis-
cern how the type of surgery or patient variables that lead to 
their candidacy for this procedure over other surgical options 

(such as gastric bypass, gastroplasty, or biliopancreatic diver-
sion among others), may have influenced long-term weight loss 
outcomes.

CONCLUSIONS

Among our cohort of bariatric surgery patients with OSA, 
most experienced substantial regain in weight over time. CPAP 
use correlated with improved long-term weight loss outcomes. 
This finding suggests that untreated OSA undermines long-
term weight loss outcomes in bariatric surgery patients. Fu-
ture prospective studies that track weight loss longitudinally 
in bariatric patients, coupled with PSG assessment of residual 
OSA severity and objective measures of CPAP adherence, may 
help to delineate more precisely the effect of OSA therapy on 
bariatric outcomes.
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