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Abstract 
Purpose Obstructive sleep apnea (OSA) is highly prevalent but mostly undiagnosed in obese patients scheduled for bariat-
ric surgery. To prevent cardiopulmonary complications, many clinics perform preoperative OSA screening. Consequently, 
adequate adherence to continuous positive airway pressure (CPAP) therapy is essential but challenging. We aimed to evaluate 
CPAP adherence and its influence on postoperative outcomes.
Methods In a prospective multicenter cohort study, we compared different perioperative strategies for handling undiagnosed 
OSA in bariatric patients. In this subgroup analysis, patients newly diagnosed with OSA were compared to those with pre-
existing OSA. We assessed inadequate CPAP adherence, defined as < 4 h/night, between the preoperative period and 6 months 
postoperative. Cardiopulmonary complications and (un)scheduled ICU admissions were also evaluated.
Results In total, 272 patients with newly diagnosed OSA (67.4%) and 132 patients with pre-existing OSA (32.6%) were 
included. Before surgery, 41 newly diagnosed patients used CPAP inadequately, compared to 5 patients with pre-existing OSA 
(15% vs. 4%, p = 0.049). Six months after surgery, inadequate CPAP use increased to 73% for newly diagnosed patients and 
39% for patients with pre-existing OSA, respectively (p < 0.001). Incidences of cardiopulmonary complications, scheduled, 
and unscheduled ICU admissions were similar in the two study groups (p = 0.600, p = 0.972, and p = 0.980, respectively).
Conclusion Inadequate CPAP adherence is higher in bariatric patients newly diagnosed with OSA when compared to patients 
with pre-existing OSA. Strategies to increase CPAP adherence may be valuable when considering routine OSA screening 
and CPAP therapy in patients undergoing bariatric surgery. Further studies are needed to improve current guidelines on 
perioperative OSA management of obese patients.
Trial registration POPCORN study, registered at Netherlands Trial Register, https:// www. trial regis ter. nl/ trial/ 6805. ID no: 
6805.
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Introduction

Obesity has become a health issue of pandemic propor-
tions, with currently 650 million people that are obese 
worldwide [1]. Treatment of obesity is difficult and ini-
tially starts with conservative strategies such as lifestyle 
interventions, diet, and occasionally drugs. However, as 
these interventions lack sustainable effectiveness, bari-
atric surgery can be considered in patients with morbid 
obesity [2]. Bariatric procedures, such as Roux-en-Y gas-
tric bypass and sleeve gastrectomy, are currently the only 
treatment options that result in significant weight loss that 
is sustained during long-term follow-up [3]. In addition, 
many obesity-related comorbidities are positively affected 
by weight reduction or even completely resolved.

Obstructive sleep apnea (OSA) is associated with obe-
sity [4]. Obese patients scheduled for bariatric surgery 
have an excessively high prevalence of OSA compared 
to the general population (60–83% vs. 1–9%) of which 
the majority is undiagnosed [5, 6]. Unrecognized and 
untreated OSA is associated with an increased risk of 
perioperative cardiopulmonary and thromboembolic com-
plications in patients undergoing surgery [7]. These com-
plications are relatively rare and occur in 1.3% of patients 
following bariatric surgery. However, these complications 
can lead to potentially fatal outcomes, which is especially 
true for major cardiac adverse events, and occur approxi-
mately in 0.1% of all bariatric patients [8, 9]. The exact 
attributable risk for developing these complications due 
to OSA is unclear, as no randomized studies have been 
conducted to evaluate this causative link, but observational 
data show increased odds ratios for these complications in 
OSA patients compared to those without OSA [10].

To prevent OSA-related complications, guidelines 
advise to perform preoperative screening in bariatric 
patients who report symptoms of OSA using question-
naires, polysomnography, or home sleep apnea testing 
(HSAT) [11, 12]. Patients with a high apnea–hypopnea 
index (AHI), or in the case of HSAT respiratory event 
index (REI), indicating moderate or severe disease, 
should be treated with continuous positive airway pres-
sure (CPAP) [12]. Some studies describing patients under-
going general surgery have shown that adequate CPAP 
therapy decreases the risk of perioperative complications 
[13]. Additionally, CPAP therapy may reduce excessive 
daytime sleepiness, cognitive impairment, and cardiovas-
cular risk profile during the pre-and postoperative months 
[14]. Although the benefits of CPAP seem apparent, stud-
ies describing CPAP adherence and subsequent influence 
on perioperative outcomes in bariatric patients are scarce.

Data on non-surgical, general OSA patients shows 
that adherence to CPAP is often poor, with reported 

adherence rates between 15 and 71% [15, 16]. CPAP is 
often rejected by patients due to side effects such as nasal 
congestion, claustrophobia, or mucosal dryness. Although 
it is unclear if adherence rates differ between the bariatric 
surgery population and patients with symptomatic OSA, 
it can be postulated that the latter group is more compli-
ant. Bariatric patients often do not experience symptoms 
related to OSA, or do not recognize these symptoms as a 
result of OSA, and therefore may subjectively benefit less 
from CPAP therapy [14]. Therefore, they could be at risk 
for poor adherence to CPAP. In addition, many bariatric 
patients are aware of the effectiveness of bariatric surgery 
on OSA prevalence, as reduction or complete remission of 
OSA occurs in 68.4–92.2% [17]. This may also encourage 
patients to stop CPAP prematurely, before OSA remission 
is proven by a polysomnography or HSAT. Currently, there 
is only a consensus-based guideline that recommends post-
operative polysomnography to evaluate whether CPAP can 
be safely discontinued [11]. In this guideline, the timing 
of postoperative reevaluation is left up to the discretion of 
the treating physician, based on weight loss and reported 
symptoms.

The aim of this study was to evaluate CPAP adherence 
in bariatric patients with newly diagnosed OSA before and 
after surgery and to compare these results to patients who 
have been diagnosed with OSA in the past. We hypothesized 
that newly diagnosed patients might have lower adherence to 
CPAP, and this could lead to an increased rate of postopera-
tive complications.

Material and methods

Study design and subjects

In this multicenter, observational, prospective cohort study, 
consecutive patients referred for bariatric surgery were 
recruited from seven centers in the Netherlands between 
April 2018 and December 2019. Patients with no prior 
history of OSA were eligible for participating in the POP-
CORN study, a study that evaluates the cost-effectiveness 
of two different strategies of perioperative management of 
OSA in patients undergoing bariatric surgery. This study is 
registered at the Netherlands Trial Register, https:// www. 
trial regis ter. nl/ trial/ 6805, and was approved by the Medi-
cal Research Ethics Committees United, reference number 
W17.050 [18]. The primary outcome of the POPCORN 
study is cost-effectiveness, and these results are not yet com-
plete. In this current paper, we present secondary outcomes 
in all patients that were diagnosed with OSA. The second-
ary outcomes are CPAP adherence, reasons to discontinue 
CPAP, postoperative complications, ICU admissions, out-
comes of questionnaires on sleep scores, and sleep-related 

https://www.trialregister.nl/trial/6805
https://www.trialregister.nl/trial/6805
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quality of life. Data on weight loss are presented as a per-
centage of total body weight loss (%TBWL) and as a per-
centage excess weight loss (%EWL). Patients undergoing 
preoperative HSAT were diagnosed with OSA, and CPAP 
was initiated if they had REI ≥ 15. For some patients with 
REI 5–15, who reported excessive daytime sleepiness, CPAP 
treatment was offered too. These patients will be referred to 
as group A. Four of seven participating hospitals performed 
HSAT in patients that were pre-selected by STOPBANG-
questionnaires, while the higher volume centers screened 
all consecutive patients eligible for bariatric surgery, regard-
less of STOPBANG scores. During the same time period, 
consecutive patients who presented with pre-existing OSA 
and current CPAP therapy were recruited as controls (group 
B). Inclusion criteria were (A) eligibility for primary bari-
atric surgery according to the current IFSO guidelines, (B) 
age ≥ 18 years, and (C) Dutch language proficiency. Exclu-
sion criteria were (A) absence of OSA on HSAT, (B) OSA 
treatment other than CPAP, or variable/bilevel positive air-
way pressure, (C) revisional bariatric procedure, and (D) 
concomitant procedures that could enhance the risk of (car-
diopulmonary) complications, such as repositioning of an 
intrathoracic stomach. All patients provided either written 
or digitally-signed informed consent.

Outcomes and data collection

In this current analysis, we aimed to evaluate the prevalence 
of patients with inadequate adherence to CPAP (defined 
as < 4 h per night) during the preoperative phase, and dur-
ing the first 6 months after surgery. We also analyzed the 
incidence of cardiopulmonary complications, scheduled/
unscheduled admissions to the ICU or medium care unit 
(MCU), and perioperative measures to prevent complica-
tions in patients with inadequate CPAP use. Furthermore, 
reasons to stop CPAP therapy within 6 months after surgery 
were documented. Predictors to stop CPAP therapy were 
also analyzed. Data were extracted from hospital files, and 
telemonitoring of CPAP usage was used to determine adher-
ence to CPAP in terms of hours/night and date of potential 
discontinuation, if available. Patient-reported outcomes 
were retrieved from questionnaires: the Epworth Sleepiness 
Scale (ESS) and the functional outcomes of sleep question-
naire (FOSQ), 10-items edition, and patients were asked 
whether they still used CPAP treatment, and if not, which 
data CPAAP was ceased, reasons for discontinuation, and 
whether they had undergone a new HSAT [19, 20]. Ques-
tionnaires were sent to patients preoperatively, and after 
surgery at 1, 3, and 6 months. Weight at baseline and all 
other time points was documented, and weight loss was 
represented as %TBWL, defined as weight loss divided by 
weight before surgery, and also as %EWL. This percentage 
was calculated as loss of excess weight (defined as weight 

above the ideal weight, i.e., = BMI 25 kg/m2) divided by 
excess weight before surgery.

Statistical analysis

Data are presented as means ± standard deviations (SD) 
or medians and interquartile ranges (IQR). Comparison of 
continuous data was performed using independent t-tests 
or the Mann–Whitney U test. Binary data were analyzed 
with a chi-square test or a Fishers’ exact test. To identify 
predicting factors for inadequate use of CPAP, we performed 
univariable and multivariable logistic regression. Variables 
in the univariable analysis with a p value under < 0.10 were 
added to the multivariable model. Risk factors are presented 
including the odds ratio (OR) and adjusted odds ratio (aOR) 
with 95% confidence intervals (CI). A p value of < 0.05 was 
considered as statistically significant. Statistical analyses 
were performed by using IBM SPSS Statistics, version 25.0 
for Windows (SPSS. Chicago, IL).

Results

Of 542 patients that underwent a preoperative HSAT prior 
to bariatric surgery, 272 patients (50.2%) were diagnosed 
with OSA and consequently treated with CPAP (group A). 
In this group, the median time from preoperative HSAT to 
bariatric surgery was 125 days. During the study period, 
132 patients with pre-existing OSA and CPAP therapy were 
recruited (group B). In this group, the median time between 
HSAT and bariatric surgery was 1013 days. Patients in group 
B were more often male, with higher mean REI and lower 
mean preoperative BMI and higher prevalence of asthma 
(Table 1).

Inadequate CPAP use

Before surgery, 41 patients in group A (15%) used their 
CPAP device insufficiently, compared to 5 patients (4%) in 
group B (p = 0.049) (Table 2). The time between the start of 
CPAP therapy until surgery did not affect CPAP adherence 
in newly diagnosed patients. One month postoperatively, 
43% of patients in group A were inadequate users, compared 
to 20.5% in group B (p < 0.001). At 3 months after surgery, 
results similarly differed between groups A and B: 57.7% vs. 
37.9% (p < 0.001). At 6 months after surgery, 199 patients 
in group A (73%) were inadequate CPAP users, compared 
to 51 (39%) patients in group B (p < 0.001). At that time, six 
patients were lost to follow-up, and one patient in group A 
died 156 days after surgery due to a stroke.
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Postoperative outcomes

Total postoperative complications were similar in patients 
with newly diagnosed OSA and patients with pre-existing 
OSA (9.6% vs. 8.3%, p = 0.689) (Table 1). Cardiopulmo-
nary complications were also similar between study groups 
(n = 2, 0.7% vs. n = 2, 1.5%, p = 0.600). To analyze the 
influence of CPAP use on cardiopulmonary complications, 

we also combined group A and B and made comparisons 
between adequate and inadequate CPAP users. Complica-
tions between these two groups (3/357 vs. 1/47, p = . 212) 
showed no significant difference.

Distribution of minor and major complications based on 
the Clavien-Dindo Classification [21] did not differ between 
groups A and B. Scheduled ICU admissions of group A 
(n = 4) were due to severe chronic obstructive pulmonary 

Table 1  Baseline characteristics and surgical outcomes

* Based on Clavien-Dindo classification (CDC); minor and major complications were defined as CDC 1–2 and CDC ≥ 3A
BMI body mass index, GERD gastroesophageal reflux disease, LRYGB laparoscopic Roux-en-Y gastric bypass, LSG laparoscopic sleeve gastrec-
tomy, ICU intensive care unit, IQR interquartile range, MCU medium care unit, ODI oxygen desaturation index, OSA obstructive sleep apnea, 
REI respiratory event index, SD standard deviation

Total (n = 404) Group A (newly diagnosed 
OSA n = 272, 67.4%)

Group B (pre-existing 
OSA, n = 132, 32.6%)

p

Age (median, IQR) 51 (45–57) 51 (45–57) 51 (46–58) 0.605
Gender, female (n, %) 239 (59.2) 182 (66.9) 57 (43.2)  < 0.001
BMI in kg/m.2 (mean, SD) 43.1 ± 6.4 43.6 ± 6.3 42.3 ± 6.3 0.049
Abdominal circumference, in cm (mean, SD) 132 ± 14.7 132 ± 15.0 132 ± 13.9 0.868
Medical history (n, %)
   Type 2 diabetes 111 (27.5) 70 (25.7) 41 (31.1) 0.465
   Hypertension 202 (50) 139 (51.1) 63 (47.7) 0.596
   Hypercholesterolemia 132 (32.7) 86 (31.6) 46 (34.8) 0.572
   GERD 109 (27) 78 (28.7) 31 (23.5) 0.285
   Asthma 60 (14.9) 28 (10.3) 32 (24.2) 0.001
   Chronic obstructive pulmonary disease 17 (4.2) 9 (3.3) 8 (6.1) 0.198
   Obesity hypoventilation syndrome 2 (0.5) 2 (0.7) 0 0.280
   Chronic kidney disease 17 (4.2) 12 (4.4) 5 (3.8) 0.977
   History of psychiatric disorder 131 (32.4) 89 (32.7) 42 (31.8) 0.910

HSAT outcomes
   REI (median, IQR) 25.0 (17.6–40.3) 23.4 (16.5–36.8) 34 (20.0–52.4) 0.001
   REI in supine position (median, IQR) 31.3 (19,0–53.1) 28.1 (17.9–46.8) 45.0 (27.0–71.7) 0.001
   ODI (median, IQR) 25.7 (17.5–43.5) 24.5 (17.2–39.5) 34.6 (19.4–52.4) 0.045
   Baseline saturation (median, IQR) 93.0 (91.3–94.1) 92.9 (91.2–94.1) 93.0 (92.0–94.7) 0.162
   Lowest saturation (median, IQR) 79.0 (73.3–84.0) 79.0 (73.0–84.2) 81.5 (74.0–85.8) 0.400

Smoking (n, %)
   Current smoking 19 (4.7) 14 (5.1) 5 (3.8) 0.550
   History of smoking 158 (39.1) 103 (37.9) 55 (41.7) 0.444

Type of Surgery (n, %)
   LRYGB 302 (74.8) 202 (74.3) 100 (75.8) 0.746
   LSG 102 (25.2) 70 (25.7) 32 (24.2) 0.747

Complications < 30 days (n, %) 37 (9.2) 26 (9.6) 11 (8.3) 0.689
   Minor* 21 (5.2) 14 (5.1) 7 (5.3) 0.947
   Major * 15 (3.7) 12 (4.4) 3 (2.3) 0.403
   Cardiopulmonary complications 4 (1) 2 (0.7) 2 (1.5) 0.600

ICU admission (n, %) 9 (2.2) 6 (2.2) 3 (2.3) 0.788
   Scheduled 6 (1.5) 4 (1.5) 2 (1.5) 0.972
   Unscheduled 3 (0.7) 2 (0.7) 1 (0.8) 0.980

MCU admission (n, %) 1 (0.2) 1 (0.4) 0 0.673
Readmission (n, %) 15 (3.7) 12 (4.4) 3 (2.3) 0.568
Reoperation (n, %) 6 (1.5) 6 (2.2) 0 0.186
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disease, non-adherence to CPAP (n = 2), and severe OSA 
(REI > 100), and in group B (n = 2) due to severe OSA 
(REI > 80) and congestive heart failure. Unscheduled ICU 
admissions in group A (n = 2) were anastomotic leakage and 
diabetic ketoacidosis, and in group B one patient was admit-
ted to the ICU due to severe postoperative desaturations, 
despite adequate CPAP therapy. Admission to the MCU was 
required in one patient in group A for postoperative CPAP 
intolerance, despite adequate preoperative adherence.

Other interventions to prevent OSA-related complications 
in inadequate CPAP users before surgery mostly consisted 
of mandatory use of CPAP during hospital admission as a 
prerequisite to undergo surgery, despite the patients’ inabil-
ity to adhere to CPAP at home (group A; n = 23, group B; 
n = 4). The remaining patients that were inadequate CPAP 
users were all postoperatively monitored with continuous 
pulse oximetry and received supplemental oxygen as needed 
(group A, n = 18, group B, n = 1).

CPAP use

During the preoperative phase, rates of patients who stopped 
using CPAP differed between the two groups; 8.4% of group 
A stopped CPAP therapy, while all patients in group B 
used their CPAP device (Table 2). Six months after sur-
gery, the percentage of patients who stopped CPAP therapy 
increased to 66.2% and 34.0% in groups A and B, respec-
tively (p < 0.001) (Fig. 1).

Reasons to stop CPAP therapy also differed between 
the two study groups (Fig. 2). The majority of patients 

Table 2  Inadequate use of CPAP before and after surgery

Group A: newly diagnosed OSA patients, group B: patients with a 
pre-existent OSA diagnosis
* Cumulative number of patients who discontinued CPAP therapy
** Missing data: 6 lost to FU, 1 fatality (156 days after surgery)
CPAP continuous positive airway pressure, OSA obstructive sleep 
apnea

Group A
n = 272

Group B
n = 132

p-value

Before surgery (n, %)
Inadequate CPAP use 42 (15.4) 5 (3.8) 0.049
-   CPAP discontinued 23 (8.4) 0
-   CPAP use < 4 h/night 19 (7.0) 5 (3.8)
Adequate CPAP use 230 (84.6) 127 (96.2)
1 month postoperative (n, %)  < 0.001
Inadequate CPAP use 117 (43.0) 27 (20.5)
-   CPAP discontinued* 81 (29.8) 12 (9.1)
-   CPAP use < 4 h/night 36 (13.2) 15 (11.4)
Adequate CPAP use 155 (56.9) 105 (79.5)
3 months postoperative (n, %)  < 0.001
Inadequate CPAP use 157 (57.7) 50 (37.9)
-   CPAP discontinued* 130 (47.8) 22 (16.7)
-   CPAP use < 4 h/night 27 (9.9) 28 (21.2)
Adequate CPAP use 115 (42.3) 82 (62.1)
6 months postoperative (n, %)  < 0.001
Inadequate CPAP use 199 (73.2) 51 (38.6)
-   CPAP discontinued* 180 (66.2) 45 (34.0)
-   CPAP use < 4 h/night 20 (7.4) 6 (4.6)
Adequate CPAP use 71 (26.1) 76 (57.6)
Missing** 2 (0.7) 5 (3.8)

Fig. 1  Kaplan–Meier curve 
illustrating the time-to-event, 
i.e., CPAP discontinuation 
between 2 months before 
surgery and 6 months after 
surgery (p < 0.001). Patients 
newly diagnosed with OSA are 
indicated in blue. Patients with 
a pre-existent OSA diagnosis 
are indicated in red. The day of 
surgery is indicated by the inter-
mittent line. CPAP continuous 
positive airway pressure, OSA 
obstructive sleep apnea
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stopped CPAP therapy without consultation of a physician 
(group A = 39% vs. group B = 55%, p = 0.004). None of 
these patients attended a postoperative appointment in an 
outpatient clinic, either because there were no scheduled 
appointments or because patients canceled on their own 
initiative. Another reason to stop CPAP was intolerance 
to CPAP, which occurred in 23% in group A vs. 9.4% in 
group B (p = 0.002). In total, 30.5% (n = 83) of group A 
and 24.2% (n = 32) of group B underwent a postopera-
tive HSAT. All patients underwent HSAT between 3 and 
6 months, and an additional 10.3% and 8.3% indicated 
they had an HSAT scheduled for > 6 months postopera-
tive, respectively. Following these HSATs, remission of 
OSA proven in 12.5% of group A and 10.6% of group B, 
and they could cease therapy (p = 0.351). A few patients 
stopped CPAP therapy despite contrary advice of their 
physician. In these specific cases, moderate to severe 
OSA was diagnosed on a postoperative HSAT although 
patients did not experience any OSA-related symptoms 
(group A = 4.9% vs. group B = 3.1%, p = 0 0.737). Based 
on symptom reduction after significant weight loss, 21.9% 
of group A and 10.9% of group B were advised by their 
physician to stop therapy without a HSAT was performed 
(p = 0.497).

A univariable logistic regression was performed to 
identify predictors to stop CPAP and correct for poten-
tial confounders (Table 3). The strongest predictor in the 
multivariable analysis was the preoperative diagnosis 
of OSA: aOR 2.9 (p < 0.001). In contrast, patients with 
preoperative BMI ≥ 45 kg/m2 were less likely to cease 
CPAP therapy (aOR 0.43, p = 0.003), just like patients 
with baseline REI ≥ 30 (aOR 0.56, p = 0.029) and type 2 
diabetes (aOR 0.55, p = 0.021).

Outcomes of questionnaires and weight

All outcomes of questionnaires were evaluated for both 
groups, with further subdivision based on whether they still 
used CPAP at the time of the questionnaire (Table 4). There 
were no significant changes in outcomes of ESS, FOSQ, 
weight, or BMI between groups A and B, that were consist-
ently observed at all time points. FOSQ scores were signifi-
cantly lower for group A at baseline and after surgery at 1 
and 3 months, while this difference disappeared at 6 months 
postoperative. The initial BMI of patients newly diagnosed 
with OSA who used CPAP before surgery was lower com-
pared to patients who did not use their CPAP device, this dif-
ference was not seen during all follow-up visits. In patients 
with pre-existent OSA, no significant distinction could be 
made between CPAP users and non-user regarding the self-
reported outcomes retrieved from questionnaires.

As sensitivity analyses, we performed subgroup analyses 
of newly diagnosed patients. We compared patients based 
on whether preselection for HSAT was performed with 
STOPBANG-questionnaires or not. We found no difference 
in CPAP adherence at any time point, neither were any post-
operative outcomes different (i.e., all complications, cardio-
pulmonary complications, or weight loss).

Discussion

Preoperative OSA assessment and subsequent CPAP therapy 
is perceived to prevent OSA-related complications in obese 
patients undergoing bariatric surgery, while not conclusively 
proven. Although 15% of newly diagnosed bariatric patients 
in this large cohort study did not adequately adhere to CPAP 

Fig. 2  Motivation to stop CPAP therapy of group A (newly diagnosed OSA patients) and group B (patients with a pre-existent OSA diagnosis). 
*No postoperative HSAT performed. CPAP continuous positive airway pressure, HSAT home sleep apnea testing, OSA obstructive sleep apnea
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before surgery, this did not lead to an increased number of 
postoperative complications when compared to patients with 
pre-existing OSA and CPAP therapy. Six months after sur-
gery, the percentage of patients with inadequate adherence to 
CPAP increased to 73% in newly diagnosed patients, which 
was significantly higher than the 39% of patients with pre-
existent OSA.

In absence of robust literature on CPAP adherence in 
bariatric patients who are diagnosed with OSA in the pre-
operative phase, the true efficacy of routine OSA screening 
and consequent CPAP therapy remains to be elucidated. 
In recent years, OSA prevalence in bariatric patients has 
been extensively reported in studies that performed rou-
tine preoperative polysomnography or HSAT [6, 22]. How-
ever, limited data is available on consequent perioperative 
outcomes related to preoperative OSA screening, such as 
cardiopulmonary complications and related morbidity and 
mortality [23, 24]. In addition, without accurate data on 
CPAP adherence and well-designed prospective studies, 
it seems unjust to assume that CPAP therapy should be 
applied routinely to prevent postoperative complications. 
In a study by Guralnick et al., low adherence to CPAP 
was reported in 104 preoperatively diagnosed patients, as 
33% was adherent after 30 days of CPAP therapy [25]. 

However, it is unclear how many patients in their study 
failed to adjust to CPAP before hospital admission, as 
CPAP was initiated only 4 days prior to surgery. In our 
cohort, we observed that 15% of patients had no or inad-
equate use of CPAP at the time of surgery. It is important 
to note that some studies, like ours, perform polygraphy 
on all patients, instead of pre-selecting patients with a high 
pre-test probability for OSA, by first applying a screening 
questionnaire. This means that patients in our cohort are 
overall less likely to have OSA, and this might negatively 
influence the adherence rate. To optimize the treatment of 
OSA and CPAP therapy in bariatric care additional educa-
tional, behavioral or troubleshooting interventions should 
be considered [16, 26]. In addition, postoperative adher-
ence to CPAP might be enhanced by regularly adjusting 
CPAP pressures, as surgically induced weight loss changes 
the pressure demand [27]. However, all patients in our 
cohort used CPAP, while other modalities that also pro-
vide positive airway pressure (PAP) may be more suit-
able for patients with changing pressure demands, such 
as automated PAP. This potentially increases the ease of 
continuing CPAP during weight loss. Although these strat-
egies may improve CPAP adherence, they will also require 
additional time from hospital staff and an increase in costs.

Table 3  Univariable and multivariate logistic regression analysis of predictors for CPAP discontinuation (n = 397*)

* 7 patients have missing data: 6 lost to follow-up and 1 fatality
** Indicating mild excessive daytime sleepiness
*** Measured at six months postoperative
BMI body mass index, CI confidence interval, COPD chronic obstructive pulmonary disease, ESS Epworth Sleepiness Score, %EWL percent-
age excess weight loss, (a) OR (adjusted) odds Ratio, OSA obstructive sleep apnea, REI respiratory event index, %TWL Percentage Total Weight 
Loss

N (%) Univariable Multivariable
OR [95% CI] p value aOR [95% CI] p value

Gender (female) 239 (59.2) 0.74 [0.48–1.13] 0.160
Age ≥ 50 years 238 (58.9) 0.78 [0.51–1.21] 0.271
Preoperative BMI ≥ 45 kg/m2 127 (31.4) 0.53 [0.34–0.83] 0.006 0.43 [0.25–0.75] 0.003
Preoperative waist, in cm (mean, SD) 132 ± 14.7 0.99 [0.98–1.00] 0.165
Pre-existing diagnosis of OSA 272 (67.4) 3.10 [1.99–4.85]  < 0.001 2.93 [1.74–4.92]  < 0.001
Baseline REI ≥ 30 161 (42.2) 0.45 [0.29–0.70]  < 0.001 0.59 [0.37–0.95] 0.029
Asymptomatic before CPAP therapy 93 (23) 2.39 [1.28–4.46] 0.006 1.39 [0.74–2.63] 0.310
ESS ≥ 11** 111 (27.5) 1.022 [0.64–1.64] 0.927
Hypertension 202 (50) 0.99 [0.65–1.51] 0.972
Type 2 diabetes 111 (27.5) 0.58 [0.36–0.91] 0.018 0.55 [0.33–0.91] 0.021
Hyperlipidemia 132 (32.7) 1.30 [0.84–2.03] 0.245
Asthma 60 (14.9) 1.60 [0.90–2.82] 0.109
COPD 17 (4.2) 1.92 [0.73–5.11] 0.188
History of psychiatric disease 131 (32.4) 0.96 [0.61–1.51] 0.867
Current smoking 19 (4.7) 0.80 [0.31–2.09] 0.654
EWL ≥ 60%*** 215 (53.0) 1.85 [1.20–2.84] 0.005 1.28 [0.66–2.47] 0.467
TWL ≥ 25%*** 198 (49.0) 1.64 [1.07–2.52] 0.024 1.45 [0.79–2.63] 0.230
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In the present study, the majority of patients stopped 
CPAP therapy without consulting their OSA physician and 
often had no scheduled postoperative follow-up. Postopera-
tive HSATs are important to monitor disease remission, as 
bariatric patients were often asymptomatic or did not rec-
ognize OSA symptoms to begin with. Timmermans et al. 
showed that remission of OSA (i.e., AHI < 15 events/hour) 
after bariatric surgery is unrelated to the improvement of 
sleepiness symptoms, weight loss or even self-initiated 

discontinuation of CPAP therapy [28]. As our observational 
study showed, many patients cease their CPAP therapy due 
to these motives, emphasizing the need for clear guidelines 
on postoperative follow-up for this patient group to con-
firm either persistence or remission of OSA. We found that 
many of our patients did not receive a follow-up appointment 
or a postoperative polygraphy. As a possible explanation, 
this may be due to the fact that no guideline recommends 
a specific timeline in which patients should be re-evaluated 

Table 4  Outcomes of questionnaires and weight loss

* P-value of comparison between group A and group B
** P-value of comparison between CPAP users and non-users within group A and group B, respectively
Group A: patients with newly diagnosed OSA, group B: patients with pre-existing OSA
BMI body mass index, CPAP continuous positive airway pressure, %EWL percentage excess weight loss, ESS Epworth Sleepiness Scale, FOSQ 
functional outcomes of sleep questionnaire, %TWL percentage total weight loss

Group A (n = 272) Group B (n = 132) p value*

Total CPAP use No CPAP use p-value** Total CPAP use No CPAP use p-value**

Before surgery (n, %)
   ESS 

score
7.6 ± 5.2 7.6 ± 5.1 7.3 ± 6.1 0.723 8.4 ± 5.3 8.4 ± 5.3 NA NA 0.483

   FOSQ 
score

20 (19-20) 20 (19-20) 20 (19-20) 0.476 19.7 18.3–20) 19.7 (18.2–20) NA NA 0.013

   Weight 128.7 ± 23.0 128.2 ± 22.1 136.5 ± 30.5 0.009 128.8 ± 23.9 128.5 ± 23.5 NA NA 0.912
BMI 43.8 ± 5.8 43.6 ± 5.6 45.1 ± 7.5 0.006 41.2 ± 6.6 42.3 ± 6.3 NA NA 0.337
1 month postoperative (n, %)
   ESS 

score
5.9 ± 4.9 6.5 ± 5.4 5.0 ± 3.5 0.029 6.7 ± 4.6 6.7 ± 4.5 6.7 ± 5.4 0.532 0.778

   FOSQ 
score

20 (19.3–20) 20 (19.5–20) 20 (19.3–20) 0.788 20 (18.7–20) 20 (18.7–20) 20 (17.4–20) 0.827 0.012

   Weight 116.8 ± 21.9 117.4 ± 19.8 116.45 ± 23.9 0.067 116.6 ± 21.9 117.6 ± 21.9 104.6 ± 18.3 0.573 0.889
   BMI 39.5 ± 5.9 39.8 ± 5.7 38.9 ± 6.1 0.682 37.9 ± 6.3 38.2 ± 6.3 33.7 ± 4.2 0.442 0.513
   %TWL 9.8 ± 5.6 23.3 ± 15.6 26.5 ± 11.4 0.831 10.2 ± 3.6 10.1 ± 3.2 12.5 ± 6.0 0.015 0.263
   %EWL 24.3 ± 14.4 20.2 ± 9.5 23.5 ± 10.6 0.903 27.4 ± 12.2 26.5 ± 10.7 37.8 ± 19.0 0.085 0.418

3 months postoperative (n, %)
   ESS 

score
4.7 ± 4.7 4.7 ± 4.9 4.7 ± 4.5 0.686 6.4 ± 5.0 6.0 ± 4.5 8.4 ± 6.5 0.066 0.402

   FOSQ 
score

20 (20-20) 20 (20-20) 20 (19.7–20) 0.172 20 (19-20) 20 (19.4–20) 20 (18.7–20) 0.334 0.009

   Weight 105.6 ± 19.7 105.7 ± 18.1 105.5 ± 23.2 0.245 105.1 ± 20.7 106.7 ± 20.9 97.0 ± 17.9 0.557 0.816
   BMI 35.9 ± 5.5 36.1 ± 5.2 35.3 ± 6.2 0.996 34.2 ± 6.0 34.8 ± 6.2 31.3 ± 4.1 0.342 0.499
   %TWL 18.3 ± 4.4 17.8 ± 3.9 18.6 ± 4.9 0.006 18.4 ± 4.5 17.9 ± 4.1 20.9 ± 5.3 0.137 0.828
   %EWL 44.9 ± 14.1 42.6 ± 12.1 47.5 ± 15.7 0.019 49.5 ± 17.4 47.4 ± 15.8 60.2 ± 21.3 0.020 0.011

6 months postoperative (n, %)
   ESS 

score
4.5 ± 4.5 4.6 ± 4.5 4.4 ± 4.5 0.589 5.4 ± 4.1 6.0 ± 4.0 4.4 ± 4.3 0.410 0.651

   FOSQ 
score

20 (19.7–20) 20 (19.8–20) 20 (19.7–20) 0.536 20 (19.6–20) 20 (19.1–20) 20 (19.9–20) 0.174 0.186

   Weight 96.7 ± 19.4 101.1 ± 20.5 94.6 ± 18.4 0.138 96.2 ± 19.1 99.1 ± 19.9 90.0 ± 14.7 0.283 0.734
   BMI 32.8 ± 5.3 34.2 ± 5.3 32.1 ± 5.0 0.636 31.4 ± 5.4 32.4 ± 5.6 29.2 ± 3.8 0.209 0.994
   %TWL 25.2 ± 6.0 24.5 ± 6.4 25.5 ± 5.8 0.504 25.3 ± 5.6 24.1 ± 5.4 27.6 ± 5.5 0.303 0.451
   %EWL 61.9 ± 18.2 57.2 ± 17.1 64.2 ± 18.3 0.128 67.1 ± 20.8 62.4 ± 19.2 76.5 ± 20.8 0.106 0.721
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[11]. It could also derive from the relatively short follow-up 
duration that is being investigated in our study; 6 months 
after surgery might be too short to experience significant 
weight loss and perform consecutive polygraphy. Addition-
ally, as the follow-up period of this study took place dur-
ing the COVID-19 pandemic, is it possible that this type 
of elective care was postponed due to limited resources. In 
addition, we found that patients with pre-existing OSA were 
significantly more likely to stop CPAP than newly diagnosed 
patients without consultation of a physician, which could 
be explained by the fact that these patients are no longer 
regularly seen by their OSA physician, and thus, a sched-
uled postoperative HSAT was omitted. These patients were 
presumably symptomatic at the time of diagnosis, which 
may have encouraged them to stop CPAP therapy when their 
OSA complaints resolved after substantial weight loss.

We acknowledge that our study has several limitations. 
First, the control group consisted of patients with pre-exist-
ing OSA before surgical consultation. These patients dif-
fered from newly diagnosed OSA patients in several base-
line characteristics and more often reported OSA symptoms 
before HSAT. Although we aimed to correct for these dif-
ferences in the logistic regression, it is possible that other 
factors that were not identified in our cohort also acted as 
confounders, such as neck circumference, pre- or postmeno-
pausal status. Second, complications related to (untreated) 
OSA are rare, which is in concordance with the findings 
in the present study. This is a common finding in bariatric 
populations that adhere to Enhanced Recovery After Bari-
atric Surgery, a guideline that promotes bariatric surgery 
with low administration of drugs that induce breathing ces-
sation, as well as early mobilization for optimal pulmonary 
recovery [9]. Therefore, it is likely that a clinically relevant 
impact of CPAP therapy will only be visible in study popu-
lations with a much larger sample size. This also makes a 
future randomized trial that evaluates OSA-related compli-
cations quite unlikely or even infeasible, as sample size cal-
culation using previous data of OSA-related complications 
in a bariatric cohort, i.e., 0.6–0.8% [29], results in group 
sizes of 27,634 patients, containing 55,268 patients in total. 
Third, it should be noted that the complication rate is poten-
tially negatively influenced by a specific element of our 
perioperative strategy, i.e., preoperatively diagnosed OSA 
patients who did not use CPAP, or used it insufficiently, 
were advised to use CPAP during the first night postopera-
tively. Patients that do not tolerate CPAP well are at risk of 
enhanced sleep deprivation. This fragmentation of sleep can 
further aggravate the increase of AHI that is observed in the 
first postoperative week, long after patients are discharged 
from the hospital [30]. Fourth, the adherence data of this 
study is partly based on questionnaires outcomes. We tried 
to refrain from using this data as questionnaires are less 
objective than data gained from telemonitoring. As we did 

not have objective quantifiable data through telemonitor-
ing for all patients, this may have influenced our outcomes. 
Future studies should try to solely use adherence data from 
telemonitoring, as this is more objective and additionally 
has the potential to better provide tailored advice for CPAP 
patients [31].

Rates of inadequate or no adherence in bariatric patients 
who are newly diagnosed with OSA were high in both the 
pre- and postoperative periods. Given that routine preop-
erative OSA screening in all bariatric patients and con-
sequent CPAP implementation is a time-consuming and 
costly intervention, the percentage of inadequately adher-
ent patients suggests that this approach may not be the most 
cost-effective modality to prevent OSA-related complica-
tions. Future studies should elucidate whether optimization 
of CPAP use is the best strategy to minimize detrimental 
effects of untreated OSA in bariatric patients, or if alterna-
tive strategies to prevent OSA-related complications (i.e., no 
preoperative screening but for example intense postoperative 
monitoring or development of an algorithm that has higher 
specificity and sensitivity than the existing screening ques-
tionnaires) can be used in bariatric practice [32].

Conclusion

Our results indicate that patients who are newly diagnosed 
with OSA are more likely to stop therapy or inadequately 
apply CPAP before and after surgery, compared to bariat-
ric patients with pre-existing OSA. Strategies to increase 
CPAP adherence and scheduled postoperative HSATs may 
be of value when considering routine HSAT screening and 
subsequent perioperative CPAP in patients undergoing bari-
atric surgery. Further studies focusing on efficacy and cost-
effectiveness are needed to improve current guidelines on 
perioperative OSA management in morbidly obese patients.
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