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Abstract
Weight loss after bariatric surgery is associated with reduction in adverse cardiovascular outcomes; however, the impact of 
obstructive sleep apnea (OSA) on reduction of cardiovascular outcomes after bariatric surgery in morbidly obese patients is not 
known. We retrospectively assessed differences in cardiovascular events after laparoscopic adjustable gastric banding (LAGB)–
induced weight loss in patients with and without OSA before and after propensity score matching for age, sex, body mass index 
(BMI), and major comorbidities between the two groups and determined predictors of poor outcomes. OSA was present in 222 
out of 830 patients (27 per cent) who underwent LAGB between 2001 and 2011. Despite a similar reduction in BMI (20.0 and 20.8 
per cent), a significantly higher percentage of cardiovascular events were observed in patients with than without OSA (35.6 vs 
6.9 per cent; p < 0.001) at 3 years (mean follow-up 6.0 ± 3.2; range: 0.5 to 13 years). The differences in the cumulative endpoint of 
new onset stroke, heart failure, myocardial infarction, venous thrombosis, and pulmonary embolism between the OSA and non-
OSA groups were maintained after propensity matching. Patients with OSA treated with continuous positive airway pressure 
(CPAP) during sleep [n = 66] had lower cardiovascular event rates at 30 months compared with those not treated (p < 0.041). OSA 
(hazard ratio: 6.92, 95% CI: 3.39–14.13, p < 0.001) remained an independent predictor of cardiovascular events after multivariate 
analysis. Thus, patients with OSA, despite a similar initial weight loss after LAGB, had a higher incidence of cardiovascular events 
compared with a propensity-matched group without OSA. Treatment with CPAP appears to reduce such events.
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Statement of Significance
The higher cardiovascular event rates in those with obstructive sleep apnea (OSA) than without OSA—despite a similar 

weight reduction after laparoscopic gastric banding surgery—reported in this study highlight the importance of recogniz-
ing and correcting factors associated with OSA that limit the full benefit of bariatric surgery. This is of particular signifi-
cance because of the high prevalence of OSA in patients referred for bariatric surgery that could attenuate the maximum 
benefit of weight reduction. The apparent beneficial impact of positive airway pressure devices for the treatment of OSA 
on cardiovascular outcomes in patients undergoing bariatric surgery is not fully defined and needs further investigation.
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Introduction
Obesity is a major epidemic in the United States, with massive 
weight gain countering efforts to reduce overall and cardiovas-
cular disease (CVD)–related morbidity and mortality [1, 2]. The 
increasing prevalence of morbid obesity, a major risk factor for 
CVD [3], undermines the last two decades of gains in prevention 
of CVD burden, which may lead to a decline of the life expect-
ancy [1–4]. Approximately 85.6 million Americans suffer from 
some form of CVD, which directly and indirectly adds up to a 
more than $315 billion cost to the economy [3]. This alarming 
figure, paralleled by the obesity epidemic, raises serious pub-
lic health concerns regarding an increase in CVD burden and 
health care cost implications [2, 3, 5, 6]. Weight loss reverses 
many aspects of abnormal cardiovascular function, which over 
the long term results in reduction of CVD risk factors, improve-
ment in morbidity, quality of life, and a survival benefit [7, 8]. 
Multiple studies and meta-analyses published in the past dec-
ade highlight the benefits of bariatric surgery for weight reduc-
tion in morbidly obese individuals who were otherwise resistant 
to medical approaches to weight reduction and thus able to 
reduce risk factors for CVD, adverse cardiovascular events, and 
mortality [9–12]. Obesity also predisposes to the development 
and progression of obstructive sleep apnea (OSA), which fur-
ther contributes to adverse cardiovascular outcomes [13–15]. 
Although weight loss results in improvement in cardiovascular 
outcomes [2], it is not known if the presence of OSA counteracts 
the beneficial effect of weight loss on reduction in cardiovas-
cular events after bariatric surgery. We hypothesized that the 
benefit of weight loss on cardiovascular outcomes after bariat-
ric surgery for morbid obesity would be attenuated in patients 
with OSA when compared with those without OSA. Therefore, 
the goal of this study was to assess the effect of weight loss after 
laparoscopic adjustable gastric banding (LAGB) surgery in mor-
bidly obese patients with or without OSA on new onset stroke, 
heart failure (HF), myocardial infarction (MI), venous thrombosis, 
and pulmonary embolism and mortality, as well as to determine 
the impact of OSA treatment with continuous positive airway 
pressure (CPAP) therapy during sleep on vascular events and to 
determine whether OSA is an independent predictor of poor car-
diovascular outcomes in this population.

Methods

Study design and methods

This was a retrospective study of a longitudinally collected 
dataset of 853 morbidly obese patients [body mass index (BMI) 
≥ 40  kg/m2 or ≥35  kg/m2 with at least one obesity-associated 
comorbidity] [16] who underwent LAGB in a Bariatric Surgery 
Center of Excellence in Milwaukee, Wisconsin, from February 
2001 to February 2011. The procedures were performed by a 
single bariatric surgeon (T.Y.C.) in a comprehensive, multi-
disciplinary program setting. Patients were eligible for LAGB 
after failure of conservative treatment for weight loss by a 
multidisciplinary team composed of an internist, psycholo-
gist, and nutritionist. Patients who failed conservative treat-
ment for weight loss underwent further educational sessions 
in seminars organized by the bariatric surgery center and can-
didates for bariatric surgery selected from the pool of mor-
bidly obese patients who met the published inclusion and 

exclusion criteria for bariatric surgery [16]. Approximately 480 
patients per year (40 patients per month) attend the seminars 
and approximately 25 per cent of these patients per year were 
eligible and opted for LAGB surgery. During the study period 
(2001–2011), of all bariatric surgery procedures available, 50 per 
cent of patients wanted LAGB, because it was very popular at 
the time. The remaining 50 per cent opted for other bariatric 
surgical procedures, including Roux-en-Y bypass and sleeve 
gastrectomy. Roux-en-Y bypass surgery was usually selected 
for patients with extreme BMI (>50 kg/m2), diabetes mellitus, 
and severe symptomatic gastro-esophageal reflux disease. All 
patients underwent preoperative assessment to identify risk 
for cardiovascular events. The presence of OSA before surgery 
was determined based on the clinical information provided by 
the referring primary care physician to the bariatric surgery 
clinic and by history obtained from the patient by the clinic 
staff. Patients who were switched to another bariatric proced-
ure, died in the perioperative period, or did not have at least 
6  months follow-up data available were excluded from this 
analysis. Patients with prior MI or HF were excluded. There 
was no operative mortality, but two patients (0.002 per cent) 
died after surgery within 10  days after discharge from the 
hospital. Data were extracted from Exemplo eMD (Exemplo 
Medical, Oldsmar, FL) database, clinical charts, and electronic 
medical records (Epic Systems, Verona, WI). The electronic 
medical record of all patients with OSA who were followed at 
Aurora Health Care system was assessed and those treated 
with CPAP therapy identified. Baseline demographic, clinical, 
and follow-up information including change in body weight, 
BMI, surgical complications, and incidence of cardiovascular 
events was obtained. Patients were regularly followed up, in-
person at their annual surgery clinic visits, and by phone calls 
or additional clinic visits, if any change in clinical status was 
reported. Calculations of BMI were performed based on weight 
and height (weight in kilograms divided by height in meters 
squared) assessed at yearly intervals after surgery. Excess body 
weight (EBW) was calculated by subtracting ideal body weight 
(derived from Metropolitan Life Insurance Company’s 1983 
Height and Weight tables) [17] from the weight at surgery. The 
percent excess body weight loss (%EBWL) was then calculated 
by subtracting the weight at each time point from the weight at 
surgery divided by EBW and expressed as a percentage. Percent 
Excess Body Weight Loss was defined as good (>50%EBWL), 
fair (25–50%EBWL), or failure EBWL (<25 per cent). The time to 
adverse cardiovascular event was determined from the date 
of LAGB.

Differences in CVD outcomes after LAGB between patients 
with and without OSA were determined in the overall popula-
tion and after one-to-one propensity score matching between 
the OSA and non-OSA groups for risk factors for CVD includ-
ing age, sex, hypertension, diabetes, and dyslipidemia. The 
primary end point was a composite of cardiovascular events, 
including stroke, HF, MI, venous thrombosis, and pulmonary 
embolism in patients with and without OSA. Secondary car-
diovascular end points included the individual components of 
the primary composite end point and overall mortality. Death 
information was obtained from the patients’ medical record 
system and confirmed in the Social Security Death Index. The 
study was approved by the Aurora Health Care Institutional 
Review Board and complied with Health Insurance Portability 
and Accountability Act (HIPAA) rules.
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Statistical analysis

Characteristics of the study population were described by fre-
quency (percentage) and mean (±standard deviation). Data 
were analyzed based on demographics including age, sex, race, 
comorbidities, and year of surgery. Propensity score matching 
was performed to balance the differences in baseline charac-
teristics. Each patient with OSA was matched to a patient with-
out OSA on the basis of his or her propensity score using the 
greedy matching protocol. After matching, the balance within 
the matched pairs was assessed using the standardized differ-
ence in covariate means and proportions. Comparisons between 
groups were made by Student’s t-test for continuous variables 
and chi-square and/or Fisher’s exact test wherever appropriate 
for categorical data. Time-to-event analyses were performed 
using Kaplan–Meier methods with the event being one of the 
combined or individual five cardiovascular events (stroke, HF, MI, 
venous thrombosis, and pulmonary embolism) or mortality and 
event-free survival curves were compared using the log-rank 
test. The parameters included age, sex, race, BMI, hypertension, 
hyperlipidemia, depression, degenerative joint disease, asthma, 
and OSA. Multivariate time-to-event analyses were performed 
using Cox proportional-hazards regression methods. A p-value 
of <0.05 was considered significant. The analysis was performed 
using SAS Version 9.4 (SAS Institute, Inc., Cary, NC).

Results

Study population

Out of 853 patients, follow-up information was not available in 
23 patients (2.7 per cent), leaving 830 (97.3 per cent) patients for 
analysis. Overall, the majority of patients undergoing LAGB were 
women (84 per cent), of European descent (75 per cent), and had 
a mean age of 44.1 ± 11.4 (median 44 years, range: 18 to 72 years) 
years and mean baseline BMI of 48.5 ± 8.09 kg/m2. OSA was pre-
sent in 222 patients (27 per cent). When compared with the non-
OSA patients, the group with OSA comprised older patients, more 
men, and patients with greater BMI and had a higher prevalence 
of hypertension, diabetes mellitus, dyslipidemia, and depression. 
The baseline characteristics of the overall group and those with 
and without OSA are summarized in Table 1.

Matched population
Because marked baseline differences were present between the 
two groups, separate analysis was performed between the two 
groups after propensity matching for age, sex, BMI, and major 
comorbidities (dyslipidemia, hypertension, and diabetes melli-
tus), yielding 198 patients in each group, OSA and non-OSA, with 
matched baseline characteristics as summarized in Table 1.

Weight reduction after LAGB

After LAGB, gradual weight loss was observed with a mean 
reduction of 27 kg and 29 kg, respectively, for the OSA and non-
OSA groups at 3  years, which translates into a 19 and 22 per 
cent total body weight loss and a BMI reduction of 10 kg/m2 at 
3 years for both groups, from 50 to 40 kg/m2 (20 per cent reduc-
tion in BMI) in the OSA group, and from 48 to 38 kg/m2 in the 
non-OSA group (20.8 per cent reduction, Figure 1). The overall 
weight reduction after LAGB was similar between those with 
and without OSA (p  =  0.60). There were no difference in the 
percentage of good (28.9 vs 22.3), fair (42.8 vs 42.3), and failed 
(28.4 vs 35.4) %EBWL at 3  years, between OSA and non-OSA 
groups, respectively (p = 0.39). Over the long term, weight loss 
was maintained for up to 6 years in both the non-OSA and OSA 
groups followed by a gradual weight gain, and increase in BMI 
was then observed only in the OSA group in the 7th, 8th, and 
9th year with maintained weight and BMI in the non-OSA group 
(Figure 1). Similar findings were observed in unmatched cohort 
(Figure  1A) and propensity-matched populations (Figure  1B) 
with or without OSA.

Cardiovascular events after LAGB

Over the mean follow-up of 6.0 ± 3.2 (median 5.1 years; range: 
0.5 to 13 years) years after LAGB, there were 121 (14.6 per cent) 
cardiovascular events in the overall population of 830 patients 
undergoing bariatric surgery, with a significantly higher per-
centage of events in patients with OSA than non-OSA patients 
[35.5 per cent (79 out of 222 patients) vs 6.9 per cent (42 out of 
608); p  <  0.001]. Figure  2A summarizes the cumulative cardio-
vascular event rate as a Kaplan–Meier survival plot over 9 years 
in patients with and without OSA, indicating a higher annual 

Table 1.  Baseline characteristics of the entire cohort and propensity-matched patients with and without OSA undergoing LAGB surgery for 
morbid obesity

Characteristics

Entire cohort (830) Propensity matched (396)

OSA Non-OSA P OSA Non-OSA P

N (222) (608) (198) (198)
Age (years) 48.1 ± 10.8 42.7 ± 11.3 <0.001 47.9 ± 10.9 46.7 ± 11.3 0.299
Male N (%) 72 (32.4) 64 (10.5) <0.001 52 (26.3) 52 (26.3) 0.999
Height (m) 1.68 ± 0.1 1.66 ± 0.1 0.001 1.60 ± 0.0 1.60 ± 0.0 0.999
Weight (kg) 143 ± 30.2 133 ± 25.5 <0.001 141 ± 29.0 139 ± 26.3 0.491
BMI (kg/m2) 49.9 ± 8.3 48.1 ± 8.0 0.003 49.1 ± 7.6 49.8 ± 9.1 0.428
Dyslipidemia 154 (69.4) 253 (41.7) <0.001 132 (66.6) 116 (58.6) 0.096
Hypertension 171 (77.0) 319 (52.5) <0.001 148 (74.7) 147 (74.2) 0.908
Diabetes 114 (51.3) 169 (27.8) <0.001 93 (47.0) 88 (44.4) 0.614
Depression 62 (27.9) 126 (20.8) 0.029 54 (27.3) 39 (19.7) 0.075
DJD 187 (84.2) 509 (83.9) 0.895 168 (84.8) 166 (83.8) 0.782
Asthma 101 (45.5) 290 (47.8) 0.560 87 (43.9) 92 (46.5) 0.613

BMI = body mass index; DJD = degenerative joint disease; OSA = obstructive sleep apnea.
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combined cardiovascular event rate in patients with OSA than 
in the non-OSA group (4.0 vs 0.7 per cent at year 2, 10.2 vs. 2.2 
per cent at year 4, 19.0 vs 4.3 per cent at year 6, and 43.0 vs 5.8 
per cent at year 8; log-rank p-value < 0.001).

Matched population
The differences in combined cardiovascular events between 
the two groups persisted even after propensity matching for 
baseline differences (Figure 2B, log-rank p < 0.001). The major-
ity of adverse cardiovascular events were stroke, HF, venous 
thrombosis, and pulmonary embolism in both groups, with the 

incidence significantly higher in the OSA group than the non-
OSA group, as illustrated in Figure  3B. The Kaplan–Meier sur-
vival plots for HF and stroke in patients with and without OSA 
in the entire cohort and the propensity-matched groups are dis-
played in Figure 4A–D. A significant difference in stroke events, 
new onset HF, MI, and thromboembolism was present between 
patients with and without OSA in the entire cohort (Figure 3A) 
that persisted for all cardiovascular events except MI after pro-
pensity matching for baseline differences (Figure 3B). The overall 
cardiovascular events per year in the non-OSA and OSA groups 
after LAGB were 0.7 vs 3.3 per cent for stroke, 0.9 vs 2.2 per cent 

Figure 1.  Yearly mean BMI reduction after LAGB surgery for morbidly obese patients with and without OSA. (A) Entire cohort and (B) propensity-matched population.

Figure 2.  Survival free of CV events in patients with or without OSA after LAGB surgery for morbid obesity. Kaplan–Meier survival plot for (A) entire cohort and (B) 

propensity-matched group.
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for HF, 0.18 vs 0.87 per cent for venous thrombosis, 0.18 vs 0.34 
per cent for pulmonary embolism, and 0.18 vs 0.34 per cent for 
MI, respectively.

Cumulative mortality

There was no operative mortality, but two patients (0.002 per 
cent) died after surgery within 10 days after discharge from the 
hospital, both with history of obstructive sleep apnea. Patient 1 
was a 55-year-old male with history of depression and neuro-
pathic pain treated with gabapentin and fentanyl who died at 
home of unclear cause, 9  days after the surgery. The second 
patient was a 54-year-old male with multiple comorbidities, 
including diabetes, hypertension, degenerative joint disease, 
and chronic renal disease who died of pulmonary embolism 
9 days after the surgery. These two patients with postoperative 
deaths within 10 days were not included in the long-term ana-
lysis. Over the mean follow-up of 6.0 ± 3.2 years after LAGB, 31 
more patients died, 15 out of 222 (6.8 per cent) in the OSA group 
and 16 out of 608 in the non-OSA group (2.6 per cent, p < 0.006). 
The overall survival probability was significantly worse for the 
OSA group than the non-OSA patients in the overall cohort (log-
rank p < 0.001, Figure 4E). This difference between OSA and non-
OSA patients diminished in the propensity-matched group that 
demonstrated a trend toward worse survival in OSA group that 
did not reach statistical significance (log-rank p = 0.08; Figure 4F).

Effect of continuous positive airway pressure 
therapy on reduction of cardiovascular events

In the entire cohort, there were 68 patients with OSA who were 
treated with CPAP therapy, identified from the review of the 
electronic medical record system of all patients with OSA fol-
lowed at our institution. The cardiovascular event-free survival 

probability within 30 months after LAGB in patients with OSA 
treated with CPAP therapy showed a trend toward better out-
comes than those not on CPAP therapy, but the difference (0 
events versus 8 events, respectively) did not reach statistical sig-
nificance (log-rank p = 0.051).

Matched population
During 1:1 propensity-matching of CPAP-treated patients for 
baseline demographic and comorbidities with OSA patients 
not treated with CPAP, two CPAP-treated patients had to be 
removed making a matched pair of 66 patients who were 
compared for cardiovascular outcomes. A significantly higher 
cardiovascular event-free survival probability was observed 
in the CPAP-treated patients during the initial 30-month fol-
low-up (log-rank p = 0.047; Figure 5, inset), which diminished 
with longer follow-up over the mean 6.0 ± 3.2 years (log-rank 
p = 0.41, Figure 5).

Predictors of adverse cardiovascular events

Univariate predictors of cardiovascular events in the overall 
cohort undergoing LAGB with hazard ratio (HR) and 95% con-
fidence interval (CI) are summarized in Table  2. Presence of 
OSA was a strong predictor of adverse cardiovascular events 
after LAGB with a HR of 5.89 (95% CI 3.75–9.25, p < 0.001). Age, 
male sex, history of hypertension, diabetes, dyslipidemia, and 
depression were other univariate predictors (Table 2). The vari-
ables with significant differences at p  =  0.05 in the univariate 
analysis were included in the multivariate Cox regression model 
to determine independent predictors of cardiovascular events. 
OSA continued to be an independent predictor with a HR of 4.51 
for cardiovascular events (95% CI 2.80–7.27, p < 0.001). A history 
of hypertension and depression were other independent predic-
tors for cardiovascular events (Table 3).

Figure 3.  Cardiovascular events during follow-up after LAGB surgery for morbidly obese in patients with and without OSA. Percent (%) event during follow-up for each 

of the listed outcomes is depicted as a bar graph with % event on y-axis. (A) Entire cohort and (B) propensity-matched population. HF = heart failure; MI = myocardial 

infarction; PE = pulmonary embolism; VTH = venous thrombosis.
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Matched population
Both univariate and multivariate analyses were performed in 
the propensity-matched OSA and non-OSA patients with results 
summarized in Table 2. At the univariate level, OSA was a strong 
predictor of a cardiovascular event with a HR of 6.82 (95% CI 

3.38–13.74, p < 0.001), along with age (HR 1.04, 95% CI 1.01–1.07, 
p = 0.01), and dyslipidemia (HR 2.17, 95% CI 1.17–4.02, p < 0.014; 
Table  2), but on multivariate analysis only OSA remained an 
independent predictor of a cardiovascular event with an HR of 
6.92 (95% CI 3.39–14.13, p < 0.001; Table 3).

Figure 4.  Survival free of stroke, heart failure, and death in patients with or without history of OSA after LAGB surgery for morbid obesity. Kaplan–Meier plot for sur-

vival free of stroke [(A) entire cohort; (B) propensity-matched population], HF [(C) entire cohort; (D) propensity-matched population], and death [(E) entire cohort; (F) 

propensity-matched population].
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Discussion
The main findings of our study are that cardiovascular event 
rates after LAGB surgery for morbid obesity are significantly 
higher in patients who have OSA than patients without OSA, 
despite achieving a similar degree of weight loss and BMI reduc-
tion. The cardiovascular events were mainly driven by a higher 
incidence of new onset stroke, HF, and venous thromboembol-
ism resulting in a trend toward a higher mortality in patients 
with OSA. After adjusting for baseline differences in risk factors 
for CVD, OSA remained an independent predictor of cardiovas-
cular events with a 6.9-fold higher risk of adverse cardiovascular 
outcome. Patients with OSA treated with CPAP had lower car-
diovascular event rates over a 30 month follow-up after LAGB 
compared with those not treated with CPAP. To the best of our 
knowledge, this is the first study to document the association of 
OSA with attenuation of the beneficial effect of weight reduc-
tion on cardiovascular events after bariatric surgery in a pro-
pensity-matched population of patients with and without OSA. 
The results highlight the importance of treating OSA after LAGB 
surgery to gain maximum benefit of weight reduction by this 
procedure.

All patients in this study were morbidly obese with a BMI 
≥ 40  kg/m2 or ≥35  kg/m2 with at least one obesity-associated 
comorbidity [2, 16] and selected for LABG surgery after failure 
to lose weight by medical therapy under the supervision of a 
multidisciplinary team of physicians, nutritionists, and psychol-
ogists. The degree and timing of weight loss with the absolute 
reduction in body weight of 27–29  kg and the mean decrease 
in BMI of 20 per cent after LAGB in both the OSA and non-OSA 
groups with up to 10  kg/m2 decrease in BMI from baseline at 
2–3 years are similar to what has been reported by other investi-
gators [2, 18–20]. The initial weight loss was maintained in both 

the groups for up to 6 years and only thereafter a gradual weight 
gain was noted in the group with OSA, but not in those without 
OSA. The reason for this late weight gain in the OSA group is not 
clear and may or may not be related to OSA or its treatment or 
nonadherence with CPAP therapy, previously recognized as one 
of the factors associated with weight gain [21].

The desired benefit of bariatric surgery and weight loss is on 
reduction in cardiovascular events and overall mortality related 
to obesity that is reported to result in a reduction in life expect-
ancy of 5–7 years in nonsmokers and up to 13.7 years in smok-
ers [22]. For every 5-unit increase in BMI over 25 kg/m2, a 30 per 
cent increase in mortality was demonstrated in the Prospective 
Studies Collaboration, which analyzed 900 000 adults [23]. The 
enhanced mortality with morbid obesity principally results from 
cardiovascular events [23, 24], which are favorably influenced 
by successful weight reduction following bariatric surgery [25, 
26]. Although no sufficiently powered randomized control trial 
of the effect of bariatric surgery versus a nonsurgical approach 
to weight reduction on long-term survival or cardiovascular 
events has been conducted, the overall improvement in obesity-
related CVD risk factors after weight loss is expected to reduce 
cardiovascular events and related mortality [18], as has been 
demonstrated in observational studies and their meta-analyses 
[3, 18]. In the Swedish Obese Subjects study, a nonrandomized, 
prospective, controlled study of 2010 obese patients who under-
went bariatric surgery and 2037 matched obese controls treated 
conventionally, the overall and cardiovascular death and fatal 
or nonfatal cardiovascular events (MI or stroke) after a median 
follow-up of 14.7 years was reduced in the surgery group [8, 25]. 
Information about the impact of OSA on cardiovascular outcomes 
after bariatric surgery is, however, unknown. Obesity and OSA 
both are associated with abnormal cardiac remodeling with a 

Figure 5.  Survival free of CV events after LAGB for morbid obesity in propensity matched patients with OSA treated or not treated with CPAP device. Inset: CV event 

rates within the first 30 months after LAGB.
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higher prevalence of ventricular hypertrophy and HF [27]. A rela-
tionship between increasing BMI and OSA also exists, so for each 
standard deviation increase in BMI the risk for OSA is reported 
to increase by threefold [3, 15]. Weight loss and reduction in BMI 
attenuate the negative impact of obesity on cardiovascular risk 
factors and also reduce the severity of OSA, without, however, 
completely eliminating it [28]. A reduction in major modifiable 
risk factors for CVD [2, 29] and cardiovascular events [5, 18] in 
morbidly obese patients after weight loss with bariatric surgery 
has been reported by several investigators that appears to reach 
a nadir when BMI is reduced by 10 kg/m2 from baseline [18, 19], 
the degree of weight loss also accomplished in our patients with 
and without OSA. In the non-OSA group, the overall cardiovas-
cular event rate and mortality after LAGB during 6.0 ± 3.2 years 
follow-up was low, similar to what has been reported in the lit-
erature comparing different bariatric surgery procedures and 
medical approaches to weight loss [18]. The effect of OSA on 
cardiovascular outcomes with weight reduction after bariatric 
surgery, however, has not been previously reported. Therefore, 
the results of our study demonstrating attenuation of the bene-
ficial effect of weight reduction on cardiovascular events com-
pared with historical control [8, 18, 25], with two- to threefold 
higher cardiovascular event rates in OSA patients compared 
with the non-OSA group, are of relevance for optimum manage-
ment of these patients. The risk of stroke after bariatric surgery 
was significantly higher in patients with OSA compared with 
those without OSA, an association consistent with previous 

reports demonstrating an increased risk of stroke, worse func-
tional outcomes, and post-stroke mortality in patients with OSA 
[30–32] that has been postulated to result from multiple factors, 
including hypoxia-induced activation of the sympathetic ner-
vous system, higher prevalence of hypertension resulting in left 
ventricular hypertrophy, development and progression of atrial 
fibrillation, and other direct vascular effects [33]. In addition, a 
proinflammatory milieu with high levels of inflammatory mark-
ers and cytokines such as tumor necrosis factor-α and interleu-
kin-6 promoting a procoagulant state further contributes to the 
risk for thromboembolic complications [33, 34].

Whether OSA itself increases the risk or is a marker for other 
factors that predispose to poor cardiovascular outcomes is not 
clear. To answer this, we adjusted for baseline differences in 
CVD risk factors and also performed a multivariate analysis to 
assess the independent effect of OSA on cardiovascular events. 
In the overall cohort, patients with OSA were more likely to 
have risk factors for CVD, including higher prevalence of hyper-
tension, diabetes, dyslipidemia, older age, higher proportion 
of men, and a higher BMI compared with the non-OSA group, 
which could underlie differences in outcomes in the entire 
cohort. The difference in cardiovascular events observed in the 
overall nonmatched population, however, persisted after pro-
pensity matching the two groups for CVD risk factors, indicating 
that the higher residual cardiovascular events and mortality in 
the matched population were likely related to the effect of OSA 
or to other undefined factors that could not be adjusted. Since 
the timing of cardiovascular events was not related to the late 
weight gain in the OSA group, with most events occurring within 
6  years after surgery when the weight loss was maintained 
(Figures 1 and 2), the difference in cardiovascular events could 
not be attributed to the late weight gain in patients with OSA.

The higher cardiovascular event rates in those with OSA 
than without OSA—despite a similar weight reduction—indi-
cate the importance of recognizing and correcting factors asso-
ciated with OSA that limit the full benefit of bariatric surgery. 
This is particularly of significance because OSA is present with a 
high prevalence (varying from 30 to 70 per cent) in those referred 
for bariatric surgery [35, 36]. OSA is associated with several 
pathophysiological effects, including metabolic (hypoxemia, 
hypercapnia), neurohumoral (sympathetic stimulation, renin–
angiotensin–aldosterone pathway activation), inflammation, 
and mechanical (alteration in intrathoracic pressure) that con-
tribute to hemodynamic stress and increased susceptibility to 

Table 2.  Univariate analysis for predicting cardiovascular events in the entire cohort and propensity-matched patients undergoing LAGB sur-
gery for morbid obesity

Covariates

Entire cohort Propensity-matched cohort

HR (95% CI) P HR (95% CI) P

Age 1.04 (1.02–1.06) <0.001 1.04 (1.01–1.07) 0.010
Male 2.10 (1.25–3.52) 0.005 1.28 (0.69–2.37) 0.427
BMI 0.99 (0.97–1.02) 0.812 0.99 (0.96–1.02) 0.562
OSA 5.89 (3.75–9.25) <0.001 6.82 (3.38–13.74) <0.001
Dyslipidemia 2.20 (1.39–3.48) <0.001 2.17 (1.17–4.02) 0.014
Hypertension 2.81 (1.66–4.75) <0.001 2.05 (0.99–4.22) 0.051
Diabetes 2.11 (1.36–3.28) <0.001 1.57 (0.90–2.73) 0.108
Depression 1.73 (1.08–2.76) 0.021 1.47 (0.80–2.68) 0.210
DJD 0.86 (0.47–1.57) 0.634 0.84 (0.39–1.79) 0.658
Asthma 1.02 (0.65–1.58) 0.924 0.77 (0.44–1.34) 0.365

BMI = body mass index; DJD = degenerative joint disease; OSA = obstructive sleep apnea.

Table  3.  Multivariate Cox regression analysis for predicting car-
diovascular events in the entire cohort and propensity-matched 
patients after LAGB surgery for morbid obesity

Covariates

Entire cohort Propensity-matched cohort

HR (95% CI) P HR (95% CI) P

Age 1.01 
(0.99–1.04)

0.143 1.01 
(0.99–1.05)

0.236

Male 1.11 (0.65–1.89) 0.702 1.25 (0.67–2.35) 0.473
OSA 4.51 (2.80–7.27) <0.001 6.92 (3.39–14.13) <0.001
Dyslipidemia 1.33 (0.82–2.15) 0.239 1.67 (0.88–3.15) 0.114
Hypertension 1.81 (1.02–3.22) 0.041 1.79 (0.82–3.90) 0.041
Diabetes 1.20 (0.74–1.93) 0.447 1.19 (0.66–2.15) 0.554
Depression 1.68 (1.04–2.71) 0.031 1.35 (0.72–2.52) 0.342

OSA = obstructive sleep apnea.
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cardiovascular events. Improvements in the severity of OSA and 
metabolic milieu after weight loss induced by bariatric surgery 
have been reported [28, 37]; however, the impact on the cardio-
vascular events has not been well characterized. Whether pre-
venting apneic episodes with the use of positive airway pressure 
devices such as CPAP, bi-level positive airway pressure (BIPAP), 
or upper airways surgery can help improve clinical outcomes in 
this population is unknown.

In the limited number of patients, where data regarding use 
of CPAP devices for OSA in our study were available, a reduction 
in cardiovascular events within the first 3 years after LAGB was 
observed, indicating the beneficial effect of controlling OSA after 
LAGB on cardiovascular outcomes. The difference in cardiovas-
cular event rate on longer follow-up was, however, diminished 
and no longer statistically significant. Since data on long-term 
compliance with CPAP therapy were not available, we could not 
assess whether the reduction in initial event rates and the sub-
sequent loss of this apparent protective effect when compared 
with the OSA patients who were not treated by CPAP at the time 
of the surgery (Figure 5) was related to nonadherence with CPAP 
therapy or other factors, such as the untreated patients may 
have been treated after the surgery, thus narrowing the differ-
ence in outcomes over the long term and thus require prospect-
ive assessment in a randomized fashion with closer monitoring 
for compliance and proper use of CPAP.

Whether compliance with the use of CPAP therapy after LAGB 
to prevent intermittent hypoxemia, sympathetic activation, sleep 
fragmentation, blood pressure elevation, inflammation, oxida-
tive stress, and metabolic alterations would have kept the stroke 
and other cardiovascular event rates low is an important ques-
tion in this population that has not been adequately addressed 
and requires further investigation [3, 21, 38, 39]. In a recent ran-
domized, parallel-group, open-label secondary prevention trial, 
the use of CPAP in 45- to 75-year-old, predominantly Asian (64 
per cent) men (81 per cent) with moderate-to-severe OSA and 
established CVD did not lower the risk of cardiovascular events 
(death from cardiovascular causes, MI, stroke, or hospitalization 
for unstable angina, HF, or transient ischemic attack) when com-
pared with the usual care (composite endpoint 17.0 vs 15.4 per 
cent) over the mean 3.7-year follow-up [40]. The patients were 
predominantly nonobese (mean BMI 28.8  ±  4.6  kg/m2) with a 
mean duration of adherence to CPAP therapy of only 3.5 hr per 
night, which helped with the subjective outcomes, such as mood, 
health-related quality of life, and daytime sleepiness, but not the 
hard cardiovascular end points. The importance of adherence to 
CPAP has been demonstrated with improved outcomes reported 
in those compliant with CPAP (≥4 hr per night) therapy [41–43]. 
Whether better outcomes after bariatric surgery and weight loss 
could be expected with the use of CPAP over the long term in mor-
bidly obese patients with OSA and relatively free of CVD has not 
been previously addressed and the hypothesis-generating find-
ings of this retrospective study need to be assessed prospectively.

Limitations

Despite the main limitation of our study with an observational 
design that cannot prove causation, it is the only study with long-
term follow-up of patients undergoing LAGB that points to the 
association of OSA to higher cardiovascular event rates compared 
with patients without OSA after LAGB. The limitations imposed 

by the retrospective nature of the study could not exclude selec-
tion bias or undetermined confounding factors that may not have 
been fully controlled even with adjusting for the baseline differ-
ences associated with increased mortality, including age, sex, and 
risk factors for CVD using a comprehensive propensity matching 
between those with and without OSA. Obesity was defined based 
on BMI, a function of weight and height that correlates well with 
percentage of body fat as measured by dual x-ray absorptiometry 
[44], but adiposity distribution information such as waist circum-
ference or waist-to-hip ratio, measures of central obesity that are 
strongly associated with mortality and CVD [45], was not avail-
able in all patients. These and other anthropometric or imaging 
measures could have added more information, but BMI by itself 
being a strong predictor of overall mortality [23], particularly for 
patients with BMI > 35 kg/m2 (class  II or III obesity), would not 
have affected the relationship to cardiovascular outcomes [2, 46]. 
Polysomnography was not routinely performed at baseline or 
during follow-up in our patient population, and objective infor-
mation about the severity of OSA and its alleviation with weight 
loss or use of CPAP therapy or its compliance was not available. 
OSA may have been under-recognized and is one of the limita-
tions of the study. However, the data on patients who were known 
to have OSA referred by the primary care physicians and deter-
mined by initial history by the bariatric clinic staff were relied on 
to identify the group, which may have more severe OSA. To truly 
understand the magnitude of the effect of OSA and its severity 
in the bariatric surgery group, a routine assessment of OSA by 
polysomnography before surgery will need to be performed to 
determine the distribution of the OSA severity and its impact on 
cardiovascular outcomes, which was not the practice at the bari-
atric clinic. A  prospective study assessing the underlying sleep 
disturbance and the impact of its treatment with CPAP is needed 
to fully address this issue in this population. The information 
about CPAP therapy was obtained retrospectively from the review 
of medical records, and data regarding compliance with CPAP 
therapy or duration of use at night were not available. The possi-
bility that noncompliance with CPAP in OSA patients contributed 
to the development of cardiovascular events, weight gain [13], or 
resistance to weight loss mediated by changes in energy intake, 
lifestyle, and energy expenditure needs to be further investigated. 
Despite these limitations, our results suggest a beneficial effect 
of CPAP therapy after bariatric surgery in reducing cardiovascu-
lar events, and this hypothesis-generating observation needs to 
be confirmed in a larger, multicenter study of morbidly obese 
patients undergoing bariatric surgery, whereby compliance with 
CPAP and the duration of therapy could be better controlled. In 
data reported from the Michigan Bariatric Surgery Collaborative, 
in patients with OSA who underwent bariatric procedures, a 
30–80 per cent self-reported remission of sleep apnea symptoms 
was reported at 1 year [47], dependent on the amount of weight 
loss and the type of bariatric surgery performed, a finding also 
reported by the American College of Surgeons, Bariatric Surgery 
Center Network [48] and a systemic review of 69 studies with 
13 900 patients [37].

Conclusions
Our findings that despite a similar weight reduction after bariat-
ric surgery, cardiovascular outcomes were significantly higher in 
those with OSA than in a propensity-matched group of patients 
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without OSA is of high clinical significance, as OSA is frequently 
present [49] but under-recognized and under-treated in patients 
undergoing bariatric surgery [50]. With an increase in the preva-
lence of morbid obesity [1, 3], lack of efficacy of medical therapy 
to accomplish successful weight reduction, and improved safety 
of surgical approaches, the number of bariatric procedures is 
increasing. It is therefore imperative that factors such as OSA 
that reduce the beneficial effect of weight loss on decreasing 
obesity-related complications be completely defined. Although 
weight loss after bariatric surgery reduces the severity of OSA, it 
is not completely eliminated [28] and thus could attenuate the 
beneficial effect of weight reduction on prevention of cardio-
vascular events. A close monitoring for OSA and its treatment 
should be considered in patients undergoing bariatric surgery 
for morbid obesity. In addition, investigation into mechanisms 
underlying poor outcomes in patients with OSA, along with 
prospective studies to determine the impact of interventions 
to counter OSA that otherwise appear to offset the benefit of 
weight reduction on reducing morbidity, cost, and mortality 
associated with morbid obesity is warranted.
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