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Abstract
Background Uncontrolled studies looking at the discontinuation
of obstructive sleep apnea (OSA) treatment after bariatric surgery (BS)
have suggested that surgery improves OSA. However, this discontinuation
of OSA treatment by BS patients has never been compared to a matched
population without BS. The objectives of this study are to evaluate
whether BS increases OSA treatment discontinuation compared to that in
matched patients without BS and to identify predictive factors of OSA
treatment discontinuation in BS patients. The study took place in an
ambulatory, tertiary hospital.
Methods We included 61 OSA patients who underwent BS in a retrospective
controlled cohort study. The computerized matching procedure included
age, sex, body mass index, year of starting OSA treatment, treatment
type, and duration selected 59 controls matched to 28 patients with BS.

The main outcome was OSA treatment discontinuation within 2 years after
BS.
Results Patients with BS stopped OSA treatment more often than
controls, usually between 6 months and 1 year after BS: hazards ratio
(HR (95 %, CI)) 15.93 (3.29, 77.00). Before 6 months or beyond 1 year
after BS, treatment discontinuation was not different between BS
patients and controls. In univariate analyses, female gender, absence
of co-morbidities, greater weight loss, and lower baseline OSA severity
were associated with stopping OSA treatment after BS. No factor
remained independently associated in multivariate analysis.
Conclusions Apneic patients having BS stop OSA treatment more than
matched controls. Treatment discontinuation may be attributed to
recovery or to abandonment. The effect of BS on OSA may have been
overestimated in uncontrolled BS studies that ignored basal OSA
treatment discontinuation in routine clinical practice.

Introduction
Obesity is a recognized risk factor for obstructive sleep apnea
(OSA) [1, 2]. OSA is characterized by repetitive episodes of partial or
complete pharyngeal collapse during sleep-inducing intermittent hypoxia
and sleep fragmentation. It is associated with excessive daytime
sleepiness, an increase in the risk of road traffic accidents,
deterioration in quality of life, and long-term cardiovascular
morbidity and mortality. Continuous positive airway pressure (CPAP) is
the first-line therapy for moderate-to-severe OSA. Both randomized
controlled studies and observational cohort studies have demonstrated
that CPAP is beneficial in terms of daytime vigilance and quality of
life while its impact on cardiovascular mortality remains debated [3–
6]. However, 15 % of patients who present with severe OSA refuse to
initiate positive airway pressure therapy and 20 to 30 % stop this
therapy during long-term follow-up [7–10]. OSA remains under-diagnosed
among candidates for bariatric surgery [11, 12]. However, in this
population, the prevalence of moderate-to-severe OSA ranges from 40 to
86 % [13–16]. OSA seems to be drastically improved after bariatric
surgery [17, 18]. Body weight loss is associated with a reduction in
the apnea-hypopnea index, and the greater the reduction in body weight,
the better the OSA improvement [19]. Two meta-analyses of studies
including patients undergoing bariatric surgery suggest a remission of
OSA in 80 % of cases [20, 21]. However, criteria used to define the
resolution of OSA are questionable, often based on self-reported
discontinuation of treatment. In fact, more than half the patients
present with mild-to-moderate residual OSA when their apnea-hypopnea
index is objectively assessed by polysomnography after surgery [22,
23]. Indeed, treatment discontinuation can either be understood as
abandonment, or as actual recovery.

Thus, OSA resolution after bariatric surgery when evaluated by CPAP
discontinuation could be confounded for the abandonment of CPAP therapy
often seen in routine clinical practice.
The main objective of the present study was to evaluate in obese OSA
patients treated with positive airway pressure whether having bariatric
surgery was associated with a higher rate of OSA treatment
discontinuation compared to matched obese OSA patients who did not
undergo bariatric surgery and whether the rate of OSA treatment
discontinuation was specifically related to bariatric surgery, either
by OSA recovery after weight loss or by increased abandonment. The
secondary objective was to determine the factors predictive of patients
stopping OSA treatment after bariatric surgery.

Patients and Methods
Study Design
This was a retrospective monocentric controlled cohort study.
Obese patients suffering from OSA and treated by nocturnal positive
airway pressure (CPAP or bi-level positive airway pressure) who had
undergone bariatric surgery were identified in the database of a 600
bed University Hospital (Grenoble, France). All bariatric surgery
patients were followed for their positive airway pressure treatment
with standardized procedures for treatment initiation and home followup by the same regional home-care provider (“AGIR à dom”). Controls
were obese OSA patients treated with nocturnal positive airway pressure
but without bariatric surgery followed in the database of the same
regional home care provider. In line with French guidelines, OSA
treatment was initiated in patients having severe OSA (apnea-hypopnea
index >30 events/h) diagnosed by either polygraphy or polysomnography,
daytime sleepiness, and at least three clinical symptoms of OSA.
Operated and control patients were carefully matched using the
following criteria: same sex, modality of positive airway pressure
therapy (CPAP or bi-level positive airway pressure), and treatment
duration before surgery (i.e., matched controls had similar duration of
treatment to that of operated patients before surgery), then age (±5
years), body mass index (BMI, ±1 kg/m2), and year of starting positive
airway pressure treatment (±2.5 years). Matching (1 to 3 control
patients per operated patient) was automatically performed using SAS®
(version 9.2, OSA Institute, Cary, NC, USA).
Main Outcome
All discontinuations of positive airway pressure treatment during the 2
years following bariatric surgery and those during the 2 years
following the start point in matched control patients were recorded. In
matched controls, the start point was defined as the time when
treatment duration had been the same as in operated patients at the
time of surgery.

Secondary Outcomes
In patients with bariatric surgery, potential predictive factors for
stopping OSA treatment after surgery were tested: age, gender, BMI
before surgery, medical history of cardiovascular disease (myocardial
infarction, angina, stroke, and/or hypertension), medical history of
metabolic disease (diabetes and/or dyslipidemia), medical history of
respiratory disease (asthma, chronic obstructive pulmonary disease,
and/or obesity hypoventilation syndrome), and percent of body weight
loss 6 months after surgery.
Statistical Analysis
Results are expressed as means (standard deviation) for normally
distributed variables and as median (interquartile range) for variables
that did not show normal distribution. Categorical variables are
presented as n (%). The normal distribution of residuals was verified
by the Shapiro-Wilk test.
Descriptive Analyses For the variables that were not exactly the same
after the matching procedure (i.e., age, BMI, and AHI), potential
differences between operated patients and matched controls were tested
by evaluating whether the mean of intra-strata differences was
different from 0 (mixed model).
Main Outcome A marginal Cox model was built to determine the rate of
stopping OSA treatment in operated patients vs. controls. The
proportional hazard assumption was not respected. The main outcome was
then tested: (i) from start point to 6 months after bariatric surgery,
(ii) from 6 months to 1 year after bariatric surgery, and (iii) from 1
to 2 years after bariatric surgery.
Secondary Outcomes In patients referred to bariatric surgery,
univariate Cox models were performed to look for predictive factors of
positive airway pressure treatment discontinuation. A multivariable Cox
model was then built, entering all variables that were associated with
stopping OSA treatment in the univariate analysis having a p value
<0.2.
Comparisons with p < 0.05 were considered as significant. All analyses
were performed using SAS version 9.2 (OSA Institute, Cary, NC, USA).

Results
Table 1 shows the characteristics of the 61 obese OSA patients treated
by nocturnal positive airway pressure who had bariatric surgery and who
were included in the matching procedure.
----------------------------------------------------------------Table 1 Baseline characteristics of patients who underwent bariatric
surgery

---------------------------------------------------------------Patients referred to bariatric surgery
(n =61)
Age (years)
44 (10)
Sex (male)
21 (34.4)
BMI (kg/m2)
48.7 (8.2)
AHI (events/h)
47.1 (35.8)
OSA treatment duration (months)
14 (6 -54)
Type of positive airway pressure therapy CPAP
54 (88.5)
BIPAP
6 (9.8)
BIPAP + oxygen
1 (1.6)
Bariatric surgery Gastric banding
5 (8.2)
Bypass
34 (55.7)
Sleeve gastrectomy
22 (36.1)
Body weight loss at 6 months (%)
-17.8 (7.3)
Body weight loss at 1 year (%)
-23.2 (11.0)
Body weight loss at 2 years (%)
-22.4 (16.5)
Medical history Cardiovascular disease
31 (50.8)
Metabolic disease
41 (67.2)
Other respiratory disease
20 (32.8)
---------------------------------------------------------------BMI body mass index, AHI apnea-hypopnea index, OSA obstructive sleep
apnea, CPAP continuous positive airway pressure, BIPAP bilevel positive
airway pressure
The automatic procedure matched 59 “control” apneic patients with
obesity with 28 OSA patients who had bariatric surgery. A flow chart of
the study is presented in Fig. 1.The start point characteristics of
patients selected by the matching procedure are reported in Table 2.
The 33 operated patients who were not retained by the automatic
matching procedure were not-statistically different from the 28
patients who were retained, except for their BMI at baseline: 52.5±8.7
vs. 44.2 ±4.7 kg/m2,respectively, p<0.001.

Main Outcome
The percentage of patients who pursued nocturnal positive airway
pressure therapy after the start point (i.e., bariatric surgery for
operated patients, same treatment duration for controls) is shown in
Fig. 2a (Kaplan-Meier representation). Since the proportional hazards
assumption was not respected, i.e., the rate of OSA treatment
discontinuation was not steady along the 2 years of the follow-up
period, the rate of positive airway pressure therapy discontinuation
was then compared from starting point to 6 months after starting point
(Fig. 2b), from 6 months to 1 year (Fig. 2c), and from 1 to 2 years
(Fig. 2d). The hazard ratios (95 %, CI) were 1.11 (0.33, 3.75) from
starting point to 6 months (p = 0.864), 15.93 (3.29, 77.00) from 6
months to 1 year (p < 0.001), and 8.33 (0.95, 73.25) from 1 to 2 years
of follow-up (p =0.056).

Secondary Outcomes

Table 3 reports factors associated with the discontinuation of OSA
treatment in all patients (n =61) that benefited from bariatric surgery
in univariate Cox analyses. Patients were more likely to stop nocturnal
positive airway pressure therapy after surgery if they were female,
free of cardiovascular disease, if they had lost more than 18.4 % of
body weight at 6 months after surgery, and exhibited lower OSA severity
at baseline (<35 events/h). In multiple Cox analysis, no variable
remained independently associated with stopping OSA treatment after
bariatric surgery.

Discussion
In this controlled cohort study, apneic patients with obesity referred
to bariatric surgery demonstrated a higher rate of nocturnal positive
airway pressure therapy discontinuation than carefully matched control
apneic patients. This result indicates that the effect of bariatric
surgery on treatment discontinuation was independent of the usual
abandonment seen in control patients in routine clinical practice.
Nevertheless, the specific effect of bariatric surgery may be related
not only to OSA recovery, but also to an increased abandonment of OSA
treatment in operated patients, related to the relief of symptoms,
despite persistent sleep apnea.
Fig. 1 Flow chart

Various different factors are likely to influence positive airway
pressure therapy adherence, including the patients‘perception of
symptom relief (less daytime sleepiness and better every day
functioning), and also psychological and sociodemographic features
(marital and employment status), and technical aspects [24]. Moreover,
patient education and quality of follow-up play a major role in
determining patterns of use [25–27].
Studies addressing OSA resolution or improvement after bariatric
surgery have shown conflicting results. The meta-analysis by Buchwald
et al. [20] included studies that assessed post-surgical OSA
improvement or resolution using either subjective (self-reported
cessation
of
OSA
treatment)
or
objective
(post-surgical
polysomnography) outcomes. The
Table 2 Characteristics of patients selected by the matching procedure
--------------------------------------------------------------------OSA and bariatric
OSA without
p value
surgery (n =28)
bariatric surgery
(n =59)
____________________________________________________________________
Age (years)
45 (9)
47 (9)
0.759
Sex (male)
7 (25.0)
14 (24.0)
BMI (kg/m2)
44.2 (4.7)
43.4 (4.6)
0.388
AHI (events/h)
41.2 (31.0)
51.5 (28.4)
0.123
OSA treatment
duration (months) 14 (6–54)
8 (4–30)
Type of positive airway pressure therapy
CPAP
26 (92.9)
57 (96.6)
BIPAP
2 (7.1)
2 (3.4)
BIPAP + oxygen
0 (0.0)
0 (0.0)
_______________________________________________________________
For the variables that were not exactly similar after the matching
procedure (i.e., age, BMI, and AHI), potential differences between
operated patients and matched controls were tested by evaluating
whether the mean intra-strata difference was different from 0 (mixed
model). There were no intra-strata differences for sex or treatment
duration at starting point that were by definition identical according
to matching procedure
BMI body mass index, AHI apnea-hypopnea index, OSA obstructive sleep
apnea, CPAP continuous positive airway pressure, BIPAP bi-level
positive airway pressure

Fig. 2 Kaplan-Meier curves of the percentage of patients who pursued
mechanical ventilation for obstructive sleep apnea (OSA).
a Kaplan-Meier curves of operated-patients and controls between 6
months and Meier curves of patients with bariatric surgery (28 operated
patients) and patients without bariatric surgery (59 controls) between
start point and 2 years after start point. b Kaplan-Meier curves of
operated patients and controls between start point and 6 months after
start point. c Kaplan-Meier curves of operated-patients and controls
between 6 months and 1 year after start point. d Kaplan-Meier curves of
operated patients and controls between 1 and 2 years after start point.
The authors found that OSA resolved in 85.7 % (95 % CI, 79.2– after
bariatric surgery, indicating the need to pursue CPAP 92.2 %) of OSA
patients. Greenburg et al. [22] limited their therapy or to propose
alternative treatments. This observation analysis to the 12 studies in
which an apnea-hypopnea index led the authors to warn health-care
providers that the benefits (AHI) was objectively measured by
polysomnography before of bariatric weight loss may lead patients to
subjectively feel and after bariatric surgery. They found significant
residual well despite the persistence of significant OSA. Based on this
OSA (AHI >15 events/h) in the majority of patients (62 %) meta analysis, one could expect 38 % of patients to discontinue CPAP therapy
after bariatric surgery, based on a reduction of AHI to <15 events/h.
Table 3 Predictive factors for stopping positive airway pressure
therapy for obstructive sleep apnea in patients referred tobariatric
surgery
----------------------------------------------------------------

HR (95 %, CI)
p value
_________________________________________________________________
Age above vs. below
the median (44.5 )
0.825 (0.34, 2.03)
Sex (female vs. male)
5.14 (1.19, 22.25)
BMI above vs. below
the median (47.4 kg/m2)
0.89 (0.36, 2.19)
Medical history of CVD
0.33 (0.12, 0.92)
Medical history of
type 2 diabetes
0.75 (0.30, 1.91)
Medical history of
respiratory disease
0.53 (0.18, 1.59)
Percent of body weight
loss at 1 month: above vs.
0.62 (0.25, 1.54)
below the median (-8.8 %)
Percent of body weight
loss at 6 months: above vs. 0.31 (0.10, 0.96)
below the median (-18.4 %)
AHI above vs. below the
median (35 events/h)
0.29 (0.10-0.82)

0.676
0.029
0.796
0.033
0.545
0.260
0.303
0.044
0.019

_________________________________________________________________
Associations were tested by univariate Cox analyses BMI body mass
index, CVD cardiovascular disease, HR hazard ratio, AHI apnea hypopnea
index
In the present study, the extent of discontinuation (61 %) was 23 %
higher. The estimation of 23 % abandonment due to bariatric surgery,
without OSA resolution, exceeds the 15 % dropout observed in the
control group. This suggests that bariatric surgery is indeed a chance
to recover from OSA but also increases the risk of inappropriate
discontinuation of OSA treatment. This might be because of the relief
from symptoms or because patients subjectively overestimate the impact
of body weight reduction.
This is in agreement with a recent report that 1 year after bariatric
surgery CPAP adherence drops from 83.3 % preoperatively to 38.1 % even
when OSA persisted [28].
In the matched control group, 15 % of apneic patients stopped positive
airway pressure therapy during the 2 years after the start point.
Fukurawa et al. [9] addressed adherence to treatment in patients
systematically investigated for the presence of OSA when presenting
with hypertension. In this population, 17 % of patients having OSA
refused to initiate treatment and 43 % of patients stopped at their own
accord after treatment initiation. This particular population showed a
higher rate of OSA treatment discontinuation than the control group in
our study. This suggests that patients systematically screened for OSA
because they have a high cardio-metabolic risk are more likely to stop
the treatment than OSA patients screened in a sleep clinic because they
present with clinical symptoms of OSA.

Conversely, in the present study, even though not significant, the
apnea-hypopnea index tended to be higher in control patients than in
operated patients. There is a possibility that control patients were
less likely to abandon OSA treatment because their sleep apnea was more
severe leading to an underestimation of discontinuation in controls
compared to operated patients.
The proportion of patients stopping OSA treatment following bariatric
surgery was greatest between 6 months and 1 year, paralleling the nadir
in body weight after surgery. Before and after this period, the rate of
discontinuation was not statistically different from that of matched
controls. However, our study may be underpowered to capture the
difference after 1 year of follow-up.
Factors associated with stopping positive airway pressure treatment
after bariatric surgery were female gender, being free
from cardiovascular disease, having a loss in body weight greater than
the median of the percent body weight loss observed in this group (18.4 %), and having only moderately severe OSA at baseline (under the
median AHI, i.e., <35 events/h). On multivariable analysis, none of
these factors were independently associated with stopping of treatment,
which may indicate that the different factors linked with OSA treatment
discontinuation in univariate analysis are mutually associated and
define a homogenous phenotype of patients who present with higher
likelihood of stopping positive airway pressure therapy after bariatric
surgery. In meta-analyses of bariatric surgery studies as well as in
medical body weight loss studies, the magnitude of body weight loss is
recurrently linked to improvement in AHI [22, 29]. This observation
refers to the discontinuation of OSA treatment due to authentic
recovery. Regarding gender, a recent study by Kennedy-Dalby et al. [30]
looked at potential differences in weight loss or metabolic improvement
after bariatric surgery in 70 men and 70 matched women. Among them, 80
patients (40 men matched to 40 women) presented with OSA treated with
CPAP preoperatively. Of these, 31 (77.5 %) men and 36 (90.0 %) women
stopped CPAP therapy postoperatively. This was for overall OSA
treatment discontinuation, whether justified by recovery or not.
Prospective and adequately powered studies are needed to better
characterize and validate the phenotype of patients who are likely to
best benefit from bariatric surgery in terms of OSA resolution,
confirmed by post-surgery polysomnography.

Study Limitations
Our study had several limitations. First, its design was retrospective,
preventing us from obtaining some relevant information such as reasons
why patients, either controls or operated, stopped their treatment.
Thus, the persistent difference observed in discontinuation of OSA
treatment between operated patients and controls might either reflect
recovery from OSA or an increased dropout after bariatric surgery
despite significant persistent OSA. Regarding the control patients,

over 2 years, we assumed that there was little chance that
discontinuation of treatment might have been secondary to OSA recovery,
without any etiologic treatment. Thus, we considered that OSA
discontinuation in controls was predominantly due to treatment abandon.
Another limitation was that the low number of patients followed after 1
year, limited the power of the study in this period.

Conclusion
The present study confirms that bariatric surgery is associated with a
higher rate of stopping positive airway pressure therapy in obese OSA
patients compared to carefully matched controls. Female gender,
patients with less severe sleep apnea before surgery, freedom from
cardiovascular disease, and those with significant post-surgery weight
loss could describe the phenotype having a greater likelihood of
stopping OSA treatment after surgery.
The true impact of bariatric surgery on treatment discontinuation
should be considered in terms of the stopping rate in control obese OSA
patients. Previous uncontrolled cohort studies are likely to have
overestimated the effect of bariatric surgery on positive airway
pressure therapy discontinuation. Further studies might address in
which
proportion
the
remaining
increase
in
OSA
treatment
discontinuation associated with bariatric surgery is justified by
objective recovery from OSA and which part consists of increased
abandonment by patients considering themselves as cured.
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