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Obstructive sleep apnoea and metabolic

impairment in severe obesity
M. Gasa*,#,", N. Salord*,#,+, A.M. Fortuna+,1, M. Mayos+,1, N. Vilarrasae, J. Dorca#,
J.M. Montserrat",+,**, M.R. Bonsignore**,## and C. Monasterio*,#,+

ABSTRACT: Obstructive sleep apnoea (OSA) seems to worsen metabolism. This effect has not

been evaluated in morbid obesity (MO). We hypothesised that the metabolic profile is more

impaired in MO patients with OSA than in those without, and investigated whether any specific

metabolic dysfunction is related to OSA in MO.

A prospective multicentre cross-sectional study was conducted in consecutive subjects before

bariatric surgery. OSAwas defined as apnoea/hypopnoea index (AHI)o15 by overnight polysomno-

graphy. Anthropometrical, blood pressure (BP) and fasting blood measurements were obtained the

morning after. Metabolic syndrome (MetS) was defined according to National Cholesterol Education

Program Adult Treatment Panel III modified criteria.

159 patients were studied: 72% were female and 72% had OSA. MetS prevalence was 70% in OSA

versus 36% in non-OSA (p,0.001). As AHI severity increased, metabolic parameters progressively

worsened, even in those without type 2 diabetes (DM2). AHI was independently associated with

systolic and diastolic BP, triglycerides and the percentage of glycosylated haemoglobin (HbA1c) in

the total sample, and with systolic BP, high-density lipoprotein cholesterol and HbA1c in those

samples without DM2. OSA increased the adjusted odds ratio of havingMetS by 2.8 (95%CI 1.3–6.2;

p50.009).

In MO, OSA is associated with major metabolic impairment caused by higher BP and poorer

lipid and glucose control, independent of central obesity or DM2.

KEYWORDS: Metabolic index, metabolic syndrome, morbid obesity, obstructive sleep apnoea

M
etabolic abnormalities, whether assessed
as metabolic syndrome (MetS) [1] or as
their single components (central obesity,

impaired glucose metabolism, hypertension, hy-
pertriglyceridaemia and lower high-density lipo-
protein cholesterol (cHDL)) have been shown to
increase cardiovascular (CV) morbidity and mor-
tality [2–5]. Central obesity seems to play a crucial
role in the origin of metabolic disruption, but many
other mechanisms have also been considered res-
ponsible [6]. Recent reports have suggested that
obstructive sleep apnoea (OSA) may worsen the
effect of obesity on cardiometabolic risk and that it
could represent an additional burden on the
metabolic dysfunction associated with obesity [7, 8].

The mechanisms through which OSA may worsen
metabolism are complex. It may trigger several
pathological mediating pathways (sympathetic
activation, neurohumoral changes, glucose home-
ostasis disruption, inflammation and oxidative
stress) through chronic intermittent hypoxia (CIH),

and these may ultimately cause deterioration in
the metabolic function [9, 10]. Animal studies
have shown reduced insulin resistance and
plasma lipids, as well as increased blood
pressure (BP), after exposure of lean and obese
animals to CIH [11], but data in humans are
more scarce.

Obesity is the main confounding factor in the
investigation of the association between OSA and
metabolic dysfunction [12]. Most previous reports
have excluded subjects with morbid obesity (MO),
possibly because the effect of OSA is expected to
be little or absent in this subpopulation, due to
extreme obesity. Conversely, MO patients could
have a higher CV risk compared with non-MO
subjects, because of the high prevalence of both
metabolic dysfunction [13, 14] and OSA [15, 16].
Therefore, investigating this association in MO
should contribute to a better understanding of the
relative interaction between OSA, MO and meta-
bolic dysfunction.
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We hypothesised that, in a cohort of consecutive MO patients
enrolled in a bariatric surgery programme, the metabolic pro-
file is more impaired in those with OSA than in those with no
OSA. Furthermore, we attempted to detect whether there is
any specific metabolic dysfunction pattern related to OSA, and
whether the overall CV risk increases in parallel with OSA
severity in the morbidly obese.

METHODS

Subjects and protocol
Consecutive patients prospectively included in the obesity
surgery programme were studied in the corresponding Sleep
Units from January 2009 through February 2010. The study
protocol was approved by the local ethical committee of each
hospital (PR052/08, 07/064/797, PI080277). All participants
gave their informed written consent.

Inclusion criteria were the same as those for the obesity surgery
programme: aged 18–60 yrs and a body mass index (BMI) of
o40 kg?m-2 or o35 kg?m-2 with comorbidity related to obesity
(resistant hypertension, established heart disease, severe degen-
erative osteoarthritis, respiratory failure). The following patients
were excluded: those with known OSA and prior continuous
positive airway pressure (CPAP) treatment, unstable CV condi-
tions, acute or chronic inflammatory diseases during the previous
6 months, chronic immunosuppressant therapy, severe cognitive
or psychiatric disorders, chronic obstructive pulmonary disease
(COPD) [17], pregnancy or past or current history of alcohol
abuse, and those who refused to give their consent.

Each participant completed a detailed questionnaire on medical
history, cardiovascular risk factors and current medication.
Exercise level and sleep duration were recorded by a self-
administered International Physical Activity Questionnaire [18]
and a sleep diary for 15 consecutive nights. Anthropometric
characteristics included BMI, neck circumference (at the level of
the laryngeal prominence), waist circumference (WC; measured
midway between the lower rib and the iliac crest), waist/hip
ratio and percentage of body fat mass measured by electrical
bioimpedance (BIA 101; Akern Bioresearch, Florence, Italy).
Clinical BP was measured by a standard mercury sphygmo-
manometer while the subject was seated at rest, and taken as the
mean value of at least two measurements separated by 5 min;
an additional measurement was made if there was a difference
of .5 mmHg between the two [19]. Respiratory functional
assessment included forced spirometry and arterial blood gas
analysis, taken with the subject seated breathing room air.

Sleep study
OSA was determined by a full overnight polysomnography
(PSG). PSG interpretation was assessed according to standard
criteria [20], as described in E1 of the online supplementary
material.

As few morbidly obese patients were expected to show an
apnoea/hyponoea index (AHI) ,5 events?h-1 [16], an AHI cut-
off of 15 events?h-1 was chosen to define the presence of OSA
by the study design. The degree of nocturnal desaturation was
assessed by the mean percentage of sleep time with arterial
oxygen saturation measured by pulse oximetry ,90% (time
Sp,O2 ,90%). Excessive daytime sleepiness (EDS), quantified

by the Epworth sleepiness scale (ESS), was defined as an ESS
score o10.

Blood measurements and MetS definition
The morning after PSG, a venous blood sample was obtained
from all patients in fasting conditions and an oral glucose
tolerance test (OGTT) was performed, except in those with
previously known type 2 diabetes (DM2). Fasting blood glucose
(FBG), percentage of glycosylated haemoglobin (HbA1c), total
cholesterol, triglycerides, cHDL, low-density lipoprotein choles-
terol and very low-density lipoprotein cholesterol levels were
determined with standard laboratory methods. Patients were
classified according to the OGTT: normal glucose tolerance (post-
load glucose ,7.8 mmol?L-1), impaired glucose tolerance (post-
load glucose 7.8–11.1 mmol?L-1) and established DM2 (post-load
glucose o11.1 mmol?L-1) [21].

MetS was defined in accordance with the National Cholesterol
Education Program (NCEP) Adult Treatment Panel (ATP) III
modified criteria [1] as the presence of three or more of the
following: WC o88 cm in females, o102 cm in males; high BP
as systolic o130 and/or diastolic o85 mmHg or antihyper-
tensive treatment; high FBG as o5.6 mmol?L-1 or anti-diabetic
treatment; high triglycerides as o1.7 mmol?L-1 or lipid-low-
ering treatment; reduced cHDL as ,1.3 mmol?L-1 in males and
,1 mmol?L-1 in females or lipid-lowering treatment. Metabolic
index was established as the number of individual MetS
components for each patient.

Cardiovascular risk assessment in the AHI categories
The Framingham cardiac risk score was applied to estimate the
CV risk [22] in the different AHI categories. The scores consider
sex, age, total cholesterol, cHDL, systolic BP and smoking, and
they were used to predict the 10-yr risk of coronary events in the
AHI categories.

Sample size
Power calculations indicated that 39 subjects were needed in each
group to detect a difference of at least 0.32 in MetS prevalence
between OSA and non-OSA, based on prior studies reporting
high prevalence of MetS and OSA in MO [23] and similar MetS
prevalence difference depending on OSA status [24], assuming
an a risk of 0.05 and a b risk of 0.20.

Statistical methods
Data were expressed as mean¡SD, median (interquartile
range) or percentage for parametric, nonparametrical and
categorical data, respectively. The bivariate comparisons were
evaluated using the Chi-squared (categorical), t- (parametric)
or Mann–Whitney (nonparametric) unpaired tests.

Multiple comparisons were evaluated using the Chi-squared
test (categorical), ANOVA with Scheffe post hoc analysis (para-
metric) and the Mann–Whitney test, applying the Bonfer-
roni method when significant differences were found by the
Kruskal–Wallis test (nonparametric). The adjusted linear regres-
sion model studied the association between AHI and individual
measures of metabolic dysfunction. Logistic regression assess-
ed the relationship between MetS and OSA (AHI o15). The
association results were summarised using unadjusted and
adjusted odds ratios and b coefficients with their 95% confi-
dence intervals. A p-value of ,0.05 was considered statistically
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significant. SPSS version 15 software (SPSS Inc., Chicago, IL,
USA) was used for all the analyses.

RESULTS
A total of 174 consecutive patients were evaluated. 15 patients
were excluded due to inflammatory disease (n58), COPD
(n53), pregnancy (n51), immunosuppressant therapy (n51)
and refusal to participate (n52). Thus, we studied 159
patients: 44 non-OSA and 115 OSA. The mean age was
43¡10 yrs, the mean BMI was 46.1¡5.8 kg?m-2 and 72% of
them were female.

OSA versus non-OSA group
OSA subjects were older, had a larger neck and WC, and had a
nonsignificant trend toward a higher BMI (table 1). No
differences were observed in sex predominance and OGTT
categories. When stratifying by sex, the level of physical
activity did not differ between OSA and non-OSA subjects
(data not shown). In terms of comorbidities, hypertension and
diabetes were reported more frequently by OSA than by non-
OSA patients (hypertension 48% versus 21%, p50.002, diabetes
24% versus 11%, p50.057, respectively). With regard to medica-
tion, angiotensin receptor antagonists and oral hypoglycaemic

TABLE 1 General and sleep characteristics of the study cohort

Total Non-OSA OSA p-value

Subjects n 159 44 115

Age yrs 43.0¡10.0 39.3¡10.6 44.9¡9.6 0.002

BMI kg?m-2 46.1¡5.8 44.7¡4.7 46.7¡6.1 0.052

Sex females 72.3 75.0 71.3 0.641

Current smoking 20.0 25.0 18.3 0.635

Alcohol consumption 5.7 6.8 5.2 0.696

Body fat % 48.4¡8.2 47.5¡8.4 48.8¡8.1 0.396

WC cm 129.8¡15.7 123.2¡14.0 132.4¡15.6 0.001

Waist/hip ratio 0.93¡0.10 0.88¡0.08 0.95¡0.10 0.001

Neck circumference cm# 42.0 (40.0–46.0) 41.0 (39.0–43.0) 43.0 (40.0–48.0) 0.001

Obesity duration yrs 25.4¡10.4 24.5¡10.0 25.7¡10.4 0.529

Physical activity MET?min-week-1 2343.8¡2421.9 2280.4¡2382.2 2368.5¡2447.5 0.840

Glucose tolerance assessment"

Diabetes 41 (25.8) 8 (18.2) 33 (28.7) 0.284

IGT 25 (15.7) 6 (13.6) 19 (16.5)

Normal 84 (52.8) 27 (61.4) 57 (49.6)

Missing data 9 (5.7) 3 (6.8) 6 (5.2)

Arterial blood gases

Pa,O2 mmHg 84.8¡11.0 88.1¡10.4 83.5¡11.1 0.020

Pa,CO2 mmHg 40.0¡5.0 39.0¡4.1 40.4¡5.3 0.119

Spirometry

FVC % pred 98.5¡16.0 96.8¡15.3 99.1¡16.3 0.452

FEV1 % pred 99.3¡15.4 97.0¡13.5 100.1¡16.1 0.282

FEV1/FVC% 80.9¡7.6 81.5¡7.9 80.7¡7.5 0.592

TST min 351.6¡65.9 358.2¡54.3 349.1¡69.8 0.437

Sleep efficiency % 75.9¡14.0 77.5¡12.3 75.3¡14.6 0.376

Stage I# % 6.8 (4.0–12.0) 7.2 (4.1–10.2) 6.7 (3.6–13.4) 0.928

Stage II# % 57.4 (49.6–68.2) 57.3 (49.8–65.5) 57.5 (49.3–68.2) 0.847

SWS" % 20.0 (12.7–28.7) 22.1 (12.1–31.3) 19.5 (12.7–27.9) 0.317

Stage REM# % 14.3 (9.0–18.3) 14.6 (9.6–18.7) 14.0 (9.0–18.3) 0.952

Arousal index# n?h-1 23.1 (15.0–41.5) 11.4 (8.9–18.0) 28.9 (18.4–47.1) 0.001

AHI# events?h-1 32.4 (14.6–53.0) 11.6 (8.0–13.9) 43.2 (29.5–64.2) 0.001

Time Sp,O2 ,90% TST# % 4.65 (0.5–19.3) 0.2 (0.0–1.2) 7.5 (2.1–29.4) 0.001

Self-reported sleep duration h?night-1 7.47¡1.63 6.75¡1.74 7.74¡1.51 0.001

ESS score 8.0¡5.0 7.0¡4.0 8.0¡5.0 0.427

Subjects with ESS .10 26.4 22.7 27.8 0.514

Unless otherwise stated, data are presented as mean¡SD, median (range) or n (%); data are presented as % for normal, non-normal (#) distributed and categorical data.

Unpaired t-tests, Mann–Whitney and Chi-squared tests were performed on normally, skewed and categorical data, respectively. OSA: obstructive sleep apnoea; BMI:

body mass index; WC: waist circumference; MET: metabolic equivalent task; IGT: impaired glucose tolerance; Pa,O2: arterial oxygen tension; Pa,CO2: arterial carbon

dioxide tension; FVC: forced vital capacity; FEV1: forced expiratory volume in 1 s; TST: total sleep time; SWS: slow-wave sleep; REM: rapid eye movement; AHI: apnoea/

hypopnoea index; time Sp,O2 ,90% TST: mean percentage of sleep time with arterial oxygen saturation measured by pulse oximetry ,90%; EES: Epworth sleepiness

scale. ": data according to oral glucose test tolerance results in 117 patients and previous known diabetes in 33 patients.
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agents were prescribed more in the OSA than in the non-OSA
group (12% versus 0%, p50.015, and 22% versus 7%, p50.027,
respectively).

Table 1 also shows the main sleep characteristics of the total
sample, and according to the presence/absence of OSA. Self-
reported sleep duration was longer in OSA than in non-OSA
but the PSG total sleep time was similar in both groups. OSA
subjects had worse sleep parameters in terms of nocturnal
oxygen desaturation levels and arousal index, but with no
differences in the sleep stage percentages or in the level of EDS,
according to the ESS.

Metabolic variables according to AHI categories
OSA patients had a more impaired metabolic profile than non-
OSA patients (table 2). They had higher levels of systolic and
diastolic BP, FBG, HbA1c and triglycerides, and lower levels of
cHDL. Moreover, as the severity of OSA increased according to
AHI categories, a progressive significant worsening of indivi-
dual metabolic parameters was found and the metabolic index
deteriorated. The Framingham cardiac risk score also increased
with the OSA categories (fig. 1).

The overall prevalence of MetS was 60%, but was twice as high in
the OSA group compared with the non-OSA group (70% versus
36%, p,0.001). The prevalence of each individual MetS compo-
nent was also higher in the OSA group but did not reach
significance for reduced cHDL (41% versus 27%, p50.112) (fig. 2).

We also examined the relationship between individual meta-
bolic parameters and OSA markers by linear regression
analysis (table 3). In the unadjusted model, all metabolic
parameters were associated with AHI and time Sp,O2 ,90%
(data not shown). After adjusting for age, sex, smoking and
BMI, the association with AHI remained significant for systolic
BP, diastolic BP, triglycerides and Hb1Ac, but was lost for FBG
and cHDL. When adding WC to the adjustment, the associa-
tions did not change. Associations with oxygen desaturation
index o 3% (ODI3%) followed a similar pattern to those with
AHI (data not shown). In contrast, when the same analysis was
performed with time Sp,O2 ,90%, only Hb1Ac and triglycer-
ides were significant; but after adjusting for WC, the associa-
tion only remained significant for HbA1c.

Table 4 summarises the results of binary logistic regression to
assess the association of OSA and MetS in MO patients. The

TABLE 2 Metabolic syndrome components and others metabolic variables according to obstructive sleep apnoea (OSA)
categories

Non-OSA OSA p-value#

AHI ,15 AHI 15–30 AHI 30–50 AHI .50

Subjects n 44 29 42 43

AHI" events?h-1 11.6 (8.0–17.3) 23.2 (19.8–27.5) 37.8 (33.3–46.4) 78.7 (58.6–114.6)

WC cm 123.2¡14.1 126.3¡12.1 130.9¡14.2 137.9¡17.5 ,0.001+,11

SBP mmHg 126.8¡17.3 131.6¡14.7 140.0¡17.0 142.1¡15.5 ,0.001+,++

DBP" mmHg 78.0 (60.0–87.5) 83.0 (80.0–90.0) 84.0 (80.0–90.0) 88.0 (83.0–93.0) 0.001+

cHDL mmol?L-1 1.32¡0.27 1.34¡0.59 1.20¡0.34 1.07¡0.26 0.004+,ee

TG" mmol?L-1 1.10 (0.90–1.53) 1.21 (0.90–1.90) 1.30 (1.00–1.90) 1.60 (1.20–2.30) 0.004+

FBG" mmol?L-1 5.45 (5.00–6.03) 5.50 (5.10–6.70) 5.80 (5.30–6.20) 6.40 (5.40–7.70) 0.007+

MetS 36.4 62.1 69.8 74.4 0.001

Metabolic index

number of

components

2.34¡1.03 2.72¡1.00 3.14¡1.13 3.53¡1.16 ,0.001+,++,11

Total cholesterol

mmol?L-1
5.01¡0.82 4.97¡1.02 4.82¡0.78 4.93¡0.90 0.796

cLDL" mmol?L-1 1.39 (1.15–2.71) 1.22 (1.01–1.57) 1.19 (1.05–1.66) 1.16 (0.97–1.45) 0.030+

cVLDL" mmol?L-1 0.39 (0.27–0.66) 0.40 (0.22–0.71) 0.56 (0.29–0.67) 0.65 (0.43–1.04) 0.022+

HbA1c" 5.4 (5.0–5.8) 5.7 (5.3–6.2) 5.5 (5.3–6.0) 5.9 (5.5–7.1) ,0.001+,eee

IGT + DM2 34.1 46.2 39.5 59.0 0.137

Unless otherwise stated, data are presented as mean¡SD or median (interquartile range); data are presented as % for normal, non-normal distributed (") and categorical

data. AHI: apnoea/hypopnoea index; WC: waist circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure; cHDL: high-density lipoprotein cholesterol;

TG: triglycerides; FBG: fasting blood glucose; MetS: metabolic syndrome; cLDL: low-density lipoprotein cholesterol; cVLDL: very low-density lipoprotein cholesterol;

HbA1c: glycosylated haemoglobin; IGT: impaired glucose tolerance (metabolic syndrome definition based on National Cholesterol Education Program (NCEP) Adult

Treatment Panel (ATP) III modified criteria [1] and metabolic index, calculated as the sum of components of metabolic syndrome presented in each subject divided by the

number of subjects in each AHI category); DM2: type 2 diabetes. #: comparisons among OSA categories. Chi-squared test was used for categorical variables. ANOVA

with Scheffe post hoc analysis was used for normal continuous variables. Kruskal–Wallis test was used for non-normal distributed continuous variables using Mann–

Whitney test and Bonferroni correction to compare between groups. For normal data p-values of intra-group tests were presented as follows: +, ++, 11 for intergroup

results. +: p,0.001 between groups AHI ,15 and AHI .50. ++: p,0.001 between groups: AHI ,15 and AHI 30–50. 11: p,0.001 between groups AHI 15–30 and AHI .50.
ee: p,0.001 between groups AHI ,15 and AHI 15–30. eee: p,0.001 between groups AHI 30–50 and AHI .50.
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occurrence of OSA was defined as AHI o15, and the severity
of nocturnal hypoxia by cumulative time at Sp,O2 ,90% as
o4.65% (as the median sample value). We also assessed the
combination of both. After adjusting for age, sex, BMI and
smoking, OSA increased the odds of having MetS threefold.
The BMI did not appear to contribute to the association since
its exclusion during the statistical analysis did not change the
results (data not shown).

OSA status according to metabolic variables
When we compared patients with (n596) and without (n563)
MetS, the prevalence of OSA was significantly higher in the
MetS group (83% versus 56%, p,0.001). The distribution of the
number of MetS components (according to the metabolic index)
significantly shifted toward high values in OSA compared with
non-OSA patients (Chi-squared test, p-value 0.002; fig. 3).

Subanalysis in patients without known DM2
As MetS is considered a pre-morbid condition for DM2, we
repeated the analysis after excluding 33 patients with DM2
(reported in supplementary material E2).

Subanalysis in females
Our sample was composed mainly of females (n5115), thus we
repeated the analysis for the female subgroup (reported in
supplementary material E3).

DISCUSSION
To our knowledge, this is the first large cross-sectional study
focusing on the association of OSA and MetS in MO. In
agreement with our hypothesis, MetS was more prevalent, and
the metabolic profile more impaired, in morbidly obese
patients with OSA than in those without. The metabolic profile
progressively worsened with increasing OSA severity, irre-
spective of sex. This worsening remained even after excluding
those patients with DM2. Therefore, even in a population with
such a high prevalence of MetS as MO patients, OSA is
associated with a worse metabolic profile, suggesting a

possible additional contribution to the increased CV risk
associated with obesity.

The relationship between OSA and metabolic dysfunction has
been studied mostly in moderately obese sleep-referred patient
cohorts [9, 24–27], and more recently in specific high cardio-
vascular risk populations, such as MetS [7, 8, 28], hypertensive
[29] and CV disease cohorts [30]. All these data agree that OSA is
common in middle-aged moderately obese subjects and is
associated with MetS or some of its components, independent of
the BMI. We have chosen a different approach by studying
severely obese patients who represent the extreme model of
association between OSA, MetS and MO. Only a small retro-
spective study pointed out a higher prevalence of both disorders
in the same bariatric cohort [23].

The comparison of OSA and non-OSA patients revealed a
double prevalence of MetS (70% versus 36%, p,0.001) and a
progressively impaired metabolic profile in line with an
increased AHI. Therefore, our data do not reinforce the notion
that MO overwhelms the potential contribution of OSA to
metabolic aggravation. Moreover, the occurrence of OSA still
increased the adjusted odds of having MetS by up to threefold,
irrespective of sex. This is a novel contribution because no
analysis of the metabolic effect of OSA on MO females has
been addressed before (see supplementary material E3).
Interestingly, in females it seems necessary to increase whole
body fat in order to increase central fat; in contrast, this is not
required in males. Also, the percentage of menopause state
was higher in OSA, compared with non-OSA females, in
keeping with three large cohort studies [31–33]; however, the
association between OSA and MetS did not change after
adjusting for menopause state and percentage of body fat.
Thus, it is plausible to consider that in morbidly obese patients,
the metabolic dysfunction may be conferred not only by MO
but also by OSA, which does not seem to have a sex-specific
effect.
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FIGURE 1. The Framingham cardiac risk score [22] was applied to estimate

the 10-yr risk of coronary events in the different apnoea/hypopnoea index (AHI)

categories. ANOVA with Scheffe post hoc analysis was used for comparisons

between obstructive sleep apnoea (OSA) categories. CHD: coronary heart disease.
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FIGURE 2. The presence of obstructive sleep apnoea (OSA) was considered

when the apnoea/hypopnoea index was o15 events?h-1. The metabolic syndrome

(MetS) definition and its components were based on National Cholesterol

Education Program (NCEP) Adult Treatment Panel (ATP) III modified criteria [1].

The Chi-squared test was used for comparisons. BP: blood pressure; FBG: fasting

blood glucose; cHDL: high-density lipoprotein cholesterol; TG: triglycerides.
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TABLE 3 The association of metabolic parameters with obstructive sleep apnoea severity evaluated as apnoea/hypopnoea index
(AHI) and time for arterial oxygen saturation measured by pulse oximetry (Sp,O2) ,90% total sleep time (TST) in the
entire group

Dependent variable Adjusted b coefficient# (95% CI) p-value Adjusted b coefficient" (95% CI) p-value

Independent variable AHI

WC cm 0.073 (0.021–0.124) 0.006

SBP mmHg 0.158 (0.071–0.244) ,0.001 0.149 (0.060–0.238) 0.001

DBP mmHg 0.117 (0.037–0.196) 0.004 0.102 (0.021–0.183) 0.014

TG mmol?L-1 0.007 (0.003–0.011) 0.001 0.005 (0.001–0.010) 0.009

cHDL mmol?L-1 -0.002 (-0.004–0.000) 0.048 -0.002 (-0.004–0.000) 0.050

FBG mmol?L-1 0.008 (-0.002–0.017) 0.119 0.007 (-0.003–0.017) 0.162

HbA1c % 0.010 (0.005–0.016) ,0.001 0.010 (0.004–0.016) 0.001

Independent variable time

Sp,O2 ,90% TST

WC cm 0.082 (0.012–0.152) 0.023

SBP mmHg 0.117 (-0.003–0.238) 0.057 0.103 (-0.020–0.226) 0.099

DBP mmHg -0.008 (-0.119–0.102) 0.882 -0.032 (10.143–0.079) 0.569

TG mmol?L-1 0.006 (0.001–0.012) 0.029 0.005 (-0.001–0.010) 0.092

cHDL mmol?L-1 -0.002 (-0.005–0.001) 0.117 -0.002 (-0.005–0.001) 0.124

FBG mmol?L-1 0.181 (-0.053–0.416) 0.129 0.168 (-0.071–0.407) 0.168

HbA1c % 0.011 (0.004–0.019) 0.005 0.011 (0.003–0.019) 0.008

Data were analysed using linear regression as the dependent variable of each metabolic parameter and AHI or time Sp,O2 ,90% TST as the independent variable.

WC: waist circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure; TG: triglycerides; cHDL: high-density lipoprotein cholesterol; FBG: fasting blood

glucose; HbA1c: glycosylated haemoglobin. #: data adjusted by age, sex, body mass index (BMI) and smoking; ": data adjusted by age, sex, BMI, WC and smoking.

TABLE 4 The association of metabolic syndrome with obstructive sleep apnoea (OSA) in the global sample

Independent variable Unadjusted OR (95% CI) p-value Adjusted OR (95% CI) p-value

Presence of OSA AHI o15 events?h-1 4.00 (1.93–8.31) ,0.001 2.84 (1.30–6.22) 0.009

Age yrs 1.07 (1.03–1.11) 0.001

Sex# 0.42 (0.18–0.98) 0.045

BMI kg?m-2 1.05 (0.98–1.13) 0.147

Smoking" 0.99 (0.59–1.68) 0.972

Presence of nocturnal hypoxaemia 4.93 (2.46–9.90) ,0.001 3.34 (1.58–7.08) 0.002

Time Sp,O2 ,90% o4.65% of TST

Age yrs 1.06 (1.02–1.10) 0.002

Sex# 0.53 (0.22–1.26) 0.153

BMI kg?m-2 1.05 (0.98–1.13) 0.184

Smoking" 0.90 (0.52–1.54) 0.694

Presence of OSA with significant nocturnal

hypoxaemia AHI o15 events?h-1 and time

Sp,O2 ,90% o4.65% of TST

5.10 (2.51–10.39) ,0.001 3.29 (1.51–7.15) 0.003

Age yrs 1.06 (1.02–1.10) 0.004

Sex# 0.54 (0.23–1.29) 0.168

BMI kg?m-2 1.04 (0.97–1.12) 0.250

Smoking" 0.92 (0.54–1.58) 0.765

Data were analysed using binary logistic regression. The presence of metabolic syndrome defined by National Cholesterol Education Program (NCEP) Adult Treatment

Panel (ATP) III modified criteria [1] was considered the dependent variable. Data were adjusted for age, sex, BMI and smoking. Results were expressed as unadjusted

and adjusted OR (95% CI) and p-value. AHI: apnoea/hypopnoea index; BMI: body mass index; time Sp,O2 ,90% TST: mean percentage of total sleep time with arterial

oxygen saturation measured by pulse oximetry ,90% (presence of significant nocturnal hypoxaemia considering values higher or equal to the median of the variable time

Sp,O2 ,90% TST). #: no females, one male; ": one smoker, no nonsmokers.
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Whether OSA is linked to a specific metabolic pattern has yet
to be completely defined. In non-MO cohorts, OSA is associated
with various metabolic abnormalities, probably due to the
heterogeneity of the samples [24–27, 34, 35]. In the present
study, a significant linear association was found between AHI
and systolic and diastolic BP, triglycerides and HbA1c after
controlling for BMI and WC. Furthermore, even in the subgroup
of patients without diabetes, the association remained signifi-
cant with systolic BP, cHDL and HbA1c. Thus, in MO patients,
increasing severity of OSA is associated with metabolic
worsening, caused mainly by higher systolic BP, lipid disrup-
tion and poorer glucose control, independent of adiposity and
other confounders, and irrespective of established DM2.

Hypertension has been widely studied in OSA patients [36].
Recent guidelines on hypertension have recognised OSA as a
frequent cause of secondary hypertension [37]. Our findings
are consistent with previous large studies pointing to a high
prevalence of hypertension among OSA patients [38–40]; more
interestingly, a clear deterioration in BP levels in line with
increasing OSA category was seen in this MO cohort, and
higher BP is independently associated with OSA severity,
regardless of sex or the degree of obesity.

With regard to glucose metabolism, most published reports
have found a significant association between OSA and hyper-
glycaemia/insulin resistance/diabetes in moderate obese sub-
jects [35, 41–43]. In the present study, although no differences in
FBG or OGTT data were found when comparing the OSA and
non-OSA groups, HbA1c was highly associated with OSA
markers. So, even in the morbidly obese, our data showed a
clear, graded inverse relationship between OSA severity and
long-term glucose control, as assessed by HbA1c, after control-
ling for the degree of obesity and other confounders. This
finding was also seen in patients without DM2.

The association between OSA and lipid profile has been
investigated less. Overall, there is no definitive evidence re-
garding the effect of OSA on the lipid profile. The majority of
cross-sectional studies are negative [26, 44–46], although some
large sample studies found a positive association between OSA

and higher triglycerides and lower cHDL [24, 47, 48]. Our data
also show, for first time in a cohort of MO patients, an
independent association of AHI with higher triglycerides and
lower cHDL.

Furthermore, although the Framingham study’s generalisation
of CV risk in MO patients should be interpreted with caution,
our data suggest that OSA may contribute an additional burden
to CV morbidity and mortality in this cohort, and it should be
controlled in any study evaluating the consequences of MetS in
the morbidly obese. Experimental studies in animals and humans
have shown intermittent hypoxia to be a major determinant of
metabolic dysfunction associated with OSA [49, 50]. In our
cohort, OSA compared with non-OSA patients had a greater
degree of nocturnal CIH due to higher AHI, time Sp,O2 ,90% and
arousal index without higher subjective EDS or differences in
sleep-stage percentages. Furthermore, AHI was independently
associated with most of the individual metabolic parameters,
according to the linear regression analysis, whereas time Sp,O2

,90% was independently associated with only HbA1c. This may
suggest that OSA contributes to metabolic dysfunction in MO,
mostly through CIH. Moreover, adding a greater nocturnal
hypoxaemia by means of greater time Sp,O2 ,90% to a high
baseline AHI leads to greater metabolic dysfunction than a high
baseline AHI alone, according to the logistic regression analysis.
These findings concur with those observed by POLOTSKY et al. [51],
supporting the ‘‘two-hit’’ model hypothesis to explain the
potential role of OSA in the development of steatohepatitis and
insulin resistance in severe obesity. MO might act as a ‘‘first hit’’
initiating a metabolic dysfunction, and severe OSA through noc-
turnal CIH may act as a ‘‘second hit’’ aggravating the disorder.
Despite strong evidence from experimental studies demonstrat-
ing the role of CIH [11], a definitive causal role of OSA in
metabolic impairment in humans cannot be firmly established. In
interventional studies, CPAP therapy lowered BP [52], while data
on glucose and/or lipid control still appear to be inconclusive
[53–57]. Thus, further long-term randomised controlled interven-
tional trials are clearly needed in well-characterised samples,
and also in the morbidly obese, in order to address the direction
of causality.

As well as being the main energy storage organ, adipose tissue
is a highly active tissue involved in the integrated metabolism
regulation [58]. Ectopic fat, particularly visceral fat, could adver-
sely modify the metabolism, decreasing the insulin sensitivity in
key tissues by a paracrine effect and through the release of
adipokines that promote a low-grade pro-inflammatory state
[59]. OSA may worsen this state [60] by acting as an additional
cardiometabolic burden risk. In the present study, we used WC
as an accepted surrogate of visceral adiposity [61]. OSA patients
had greater WC and neck circumference compared with non-
OSA subjects despite a similar BMI and fat mass percentage,
suggesting that OSA is more closely linked to a particular
visceral adiposity than to the overall obesity. Conversely, the
association of OSA with several metabolic abnormalities
remained independent of WC and sex, supporting the notion
that OSA may play an additional role in the overall metabolic
dysfunction, even in MO. Unfortunately, direct analysis of
visceral fat was not possible in this study and thus our findings
should be considered approximate. Despite this limitation, these
results concur with the hypothesis previously proposed by
VGONTZAS et al. [62]: visceral fat could progressively worsen
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MetS and OSA manifestations but OSA may also aggravate
MetS through an increase in sympathetic activation, inflamma-
tion and insulin resistance that deteriorates the overall metabolic
dysfunction.

In our cohort, OSA prevalence was notably high: 72% of
patients had an AHI o15 and only 2% had an AHI ,5.
Significantly, most subjects did not complain about EDS (72% of
OSA patients had ESS ,10), even if they had severe OSA.
Although previous studies demonstrated objectively higher
EDS in obese patients, compared with healthy non-obese
controls, regardless of OSA status [63, 64], the lack of sleepiness
measured by EDS is concordant with previous studies evaluat-
ing patients before bariatric surgery. This point may reflect the
limitations of the EDS in the MO population, as there are other
potential cofactors that could affect EDS [65, 66]. Our finding of
a lack of subjective sleepiness is clinically relevant, however, as
it emphasises the need to perform sleep studies in this specific
population, regardless of self-reported symptoms.

With regard to limitations, our cross-sectional study design
does not provide cause–effect evidence, although the regres-
sion analysis showed an independent association between OSA
markers and individual parameters of dysfunction. It would also
have been desirable to perform abdominal computed tomogra-
phy or magnetic resonance imaging to assess the amount of
visceral fat, but the subjects did not fit into the machines due to
their high body weights. Finally, as discussed, we did not assess
objective EDS.

Conclusions
OSA is associated with a more severe metabolic profile in MO
patients, independent of age, sex, BMI and smoking, suggest-
ing an important role of OSA, in addition to obesity, in the
pathogenesis of metabolic dysfunction in this population. As
OSA is a treatable condition, and EDS assessed by ESS is not a
good OSA marker in MO, clinicians dealing with obese
subjects should appropriately assess OSA in addition to other
classic known obesity-related comorbidities, in order to better
treat the overall metabolic dysfunction.
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Supplemental Material E1 

Methods: Sleep Study 

OSA was determined by a full overnight polysomnography (PSG). PSG (Siesta, Compumedics, 

Melbourne, Australia) included recording of oronasal flow (termistor and cannula), 

thoracoabdominal movements, electrocardiogram, sub-mental and pretibial electromyography, 

electrooculogram, electroencephalogram, pulse oximetry and body position sensor. Rechtstaffen 

and Kales’ criteria were used for visual scoring of sleep stages. Apnea was defined as a 

cessation of flow for at least 10 seconds, and hypopnea as any flow reduction of at least 10 

seconds, accompanied by a fall of ≥ 3% in SpO2 or microarousal. The apnea-hypoapnea index 

(AHI) and the arousal index were defined as the number of apneas/hypoapneas and arousals, 

respectively, per hour of sleep. 

 

Supplemental Material E2 

Sub-analysis in patients without known type 2 diabetes 

Similar to the total sample, OSA subjects had higher age, WC and NC and reported more sleep 

hours per night. Also they had higher BMI (47 ± 6 vs 45 ± 5 Kg/m2, p 0.039) (Table e-1). 

The prevalence of MetS and the metabolic profile tend to progressively worsens with increasing 

AHI categories but some metabolic parameters (TG, FBG, cLDL, cVLDL) loose statistically 

significance (Table e-2). Furthermore, the Framingham Cardiac Risk Score increased with OSA 

categories (Figure e-1). The adjusted linear regression analysis showed that AHI was associated 

with SBP, cHDL and HbA1c; by contrast, Time SpO2 < 90% was only associated with Hb1Ac 

(Table e-3). 
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Supplemental Material E3 

Sub-analysis in females 

OSA (n =82) were older, had higher percentage of postmenopausal state, WC, NC and reported 

more sleep hours per night compared to non-OSA (n = 33) (Table e-4). The percentage of MetS, 

even though lower than in the entire sample (57% vs 60%, was higher in OSA compared to non-

OSA females (66% vs 33%, p 0.001) and showed the same differences for individual 

components as the total sample (Figure e-2). After adjusting for age, BMI, post-menopausal 

state and fat mass percentage, the association of OSA and MetS in morbidly obese women was 

similar to that in the whole group: binary logistic regression showed that the presence of OSA 

analyzed by AHI ≥ 15 events/hour, study time with SpO2<90% ≥ 3.30 and the combination of 

both OSA markers increased the odds of having MetS by 2.79 (p 0.033, 95% CI 1.09 – 7.17), 

3.90 

(p 0.003, 95% CI 1.61 – 9.46) and 2.47 (p 0.002, 95% CI 1.39 – 4.38), respectively (Table e-5). 

Adding smoking and obesity duration to the model did not modify significantly the results (data 

not shown). 
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Table e-1. General and Sleep characteristics of patients without known type 2 
diabetes.  

 
Total 

(n=126) 
OSA -

(n=39) 
OSA + 
(n=87) 

p 

Age, years  mean±SD 42.0 ± 10.0 39.0 ± 10.0  44.0 ± 10.0  0.005 

BMI, Kg/m2   mean±SD 46.4 ± 6.0 44.7 ± 4.6 47.1 ± 6.4 0.039 

Gender, Females % 75.4 74.4 75.9 0.856 

Current smoking, % 17.5 23.1 14.9 0.532 

Alcohol consumption, % 5.6 7.7 4.6 0.483 

Body Fat, % mean±SD 48.8 ± 8.3 47.7 ± 8.1 49.3 ± 8.3 0.324 

WC, cm mean±SD 129.1 ± 15.7 123.3 ± 13.9 131.7 ± 15.8 0.005 

Waist-Hip Ratio  

mean±SD 
0.92 ± 0.10  0.88 ± 0.08 0.94 ± 0.11  0.002 

Neck circumference, cm* 42.0 (40.0 – 44.0) 41.0 (39.0 – 43.0) 42.0 (40.0 – 46.0) 0.023 

Obesity Duration, years 

mean±SD 
24.7 ± 10.4 24.0 ± 10.4 25.1 ± 10.4  0.593 

Physical Activity, 
METS.min.week-1,   
mean±SD 
        

 
2319.6 ± 2491.7 2352.9 ± 2443.5  

2304.4 ± 2528.0 
 

0.921 

Glucose tolerance 
assessment §, n (%) 

Diabetes        
IGT  
Normal 
Missing data    

 
 

10 (7.9 %) 
25 (19.8 %) 
82 (65.2 %) 

9(7.1%)

 
 

4 (10.3 %) 
6 (15.4 %) 

26 (66.6 %) 
3 (7.7 %)

 
 

6 (6.9 %) 
19 (21.8 %) 
56 (64.4 %) 

6 (6.9 %) 

 
 

0.588 

Arterial blood gases  
mean±SD 
     PaO2 , mmHg 
     PaCO2, mmHg 

 
85.6 ± 11.3 
39.9 ± 5.0 

 
88.5 ±10.5  
39.0 ± 3.9  

 
84.3 ± 11.4 
40.3 ± 5.4 

 
0.055 
0.146 

Spirometry,   mean±SD        
FVC % predicted 
FEV1 % predicted 
FEV1/FVC% 

 
99.0 ± 15.1 
99.9 ± 15.2 
81.3 ± 6.3

 
99.2 ± 13.9  
98.6 ± 13.0  
82.9 ± 6.6 

 
98.8 ± 15.6 

100.5 ± 16.2  
80.6 ± 6.1  

 
0.896 
0.519 
0.057

TST, minutes  mean±SD 353.5 ± 66.9 363.6 ± 50.9 349.0 ± 72.8  0.196

Sleep Efficiency, %  

mean±SD 
76.7 ± 13.9 78.7 ± 10.8 75.9 ± 15.1 0.237

Stage I*, %   6.7 (3.8 – 11.8) 6.7 (4.1 – 9.6) 6.7 (3.6 –13.4) 0.952
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Definitions of abbreviations: BMI, body mass index; WC, waist circumference; IGT, impaired 

glucose tolerance; PaO2, partial arterial pressure of oxygen; PaCO2, partial arterial pressure of 

carbon dioxide; FVC%, predicted percentage of forced vital capacity; FEV%, predicted 

percentage of forced expiratory volume in the first second; FEV1/FVC, FEV1/FVC ratio; TST, 

Total sleep time; SWS, slow-wave sleep; AHI, apnea-hipoapnea index; SpO2, arterial oxygen 

saturation by pulse oximetry; Time SpO2 <90% TST, mean percentage of sleep time with SpO2 

below 90%; Subjects with EES > 10: Percentage of patients with an Epworth sleepiness scale 

score above 10.  

Data are presented as mean ± SD, median (percentile 25 – percentile 75) and percentage for 

normal, non-normal (*) distributed and categorical data, respectively.  

Unpaired t-student, Mann-Whitney and chi-square test were performed on normally, skewed 

and categorical data, respectively.  

§ Data according to Oral glucose test tolerance (OGTT) results in 117 patients.  

 

 

 

 

 

Stage II*, %  57.3 (50.0 – 65.0) 57.1 (49.6 – 65.0) 57.5 (50.1 –65.6) 0.806

SWS*, %  20.0 (13.4 – 28.9) 22.1 (13.0 – 31.3) 19.5 (13.8 – 28.0) 0.377

Stage REM*, %   14.5 (9.6 – 18.3) 14.7 (11.5 – 18.3) 14.0 (9.0 – 18.3) 0.977

Arousal index*, 

number/hour  
21.0 (13.8 – 36.6) 11.2 (8.6 – 18.0) 26.8 (18.0 – 46.7) 0.001

AHI*, events/hour  30.9 (14.3 – 49.0) 12.2 (9.2 – 13.9) 39.1 (29.4 – 60.1) 0.001

Time SpO2 <90%TST*, % 3.0 (0.3 – 14.0) 0.3 (0.0 – 1.4) 6.5 (1.6 – 22.9) 0.001

Self-reported sleep 
duration, hours/night  
mean±SD 

7.59 ± 1.591.63 6.92 ±1.67 7.89 ± 1.47  0.002 

Epworth sleepiness scale 
score  mean±SD 

7.0 ± 5.0 7.0 ± 4.0 8.0 ± 5.0 0.575

Subjects with ESS >10, % 27.0 25.6 27.6 0.820
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Table e-2. Metabolic syndrome components and others metabolic variables according to 

OSA categories of patients without known type 2 diabetes.  

 

Definitions of abbreviations: AHI, apnea-hipoapnea index; WC, waist circumference; SBP, 

systolic blood pressure; DBP, diastolic blood pressure; cHDL, high-density lipoprotein 

cholesterol, TG, triglycerides; FBG; fasting blood glucose; cLDL, low-density lipoprotein 

cholesterol; cVLDL, very low-density lipoprotein cholesterol; HbA1c, the percentage of 

  
OSA -  

 
OSA + 

 

 
AHI < 15 
(n = 39) 

 

 
AHI 15 – 30 

(n=23) 

 
AHI 30 – 50 

(n=34) 

 
AHI > 50 
(n = 30 ) 

 
p 

AHI �, 
events/hour 

12.2 (9.2 – 13.9) 23.2 (19.3 – 28.4) 36.2 (33.1 – 44.8) 78.2 (57.3 – 94.7) -

WC,  cm  
mean±SD 

123.3 ± 13.9 126.4 ± 12.2 131.7 ± 14.0 135.8 ± 19.3 0.005*

SBP, mmHg  
mean±SD 

128.3 ± 17.1 131.3 ± 15.5 139.8 ± 17.6 140.7 ± 16.0 <0.001*,**

DBP �, mmHg   80.0 (60.0 – 90.0) 83.0 (70.0 – 90.0) 84.0 (80.0 – 90.0) 87.5 (83.0 – 90.0) 0.024*,**

cHDL, mmol/l 
mean±SD 

1.30 ± 0.25 1.40 ± 0.64 1.23 ± 0.35 1.07 ± 0.24 0.012§

TG �, mmol/l   1.15 (0.90 – 1.53) 1.21 (0.89 – 1.62) 1.21 (1.00 – 1.90) 1.50 (1.10 – 2.01) 0.203
FBG�,    
mmol/l 

5.40 (5.00 – 6.00) 5.40 (5.00 – 5.70) 5.70 (5.27 – 6.10) 5.60 (5.30 – 6.40) 0.158

Metabolic 
syndrome, %  

 
33.3 

 
52.2 

 
61.8 

 
63.3 

 
0.040 

Metabolic 
Index, number of 
components  
mean±SD 

 
2.26 ± 1.02 

 
2.52 ± 0.99 

 
2.91 ± 1.08 

 
3.23 ± 1.17 

 
0.002*  

Total 
Cholesterol,  
mmol/l  
mean±SD 

5.04 ± 0.85 4.99 ± 1.07 4.88 ± 0.81 4.87 ± 0.97 0.844

cLDL�, mmol/l 1.36 (1.15 – 3.06) 1.32 (1.01 – 1.80) 1.17 (1.05 – 1.47) 1.26 (0.98 – 1.54) 0.155

cVLDL �, 
mmol/l 

0.37 (0.25 – 0.66) 0.40 (0.23 – 0.61) 0.56 (0.27 – 0.65) 0.58 (0.34 – 0.92) 0.279

HbA1c�, % 5.4 (5.0 – 5.7) 5.5 (5.1 – 5.8) 5.4 (5.2 – 5.8) 5.8 (5.5 – 6.4) 0.007*,**,

 ¶ ¶
   

IGT + DM�,  
% 

25.6 35.0 23.5 33.0 0.594
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glycosylated hemoglobin; IGT, impaired glucose tolerance; Metabolic syndrome definition 

based on NCEP ATPIII modified criteria (Circulation 2009; 120: 1640-1645) and metabolic 

index calculated as the sum of components of MetS presented in each subject divided by the 

number of subjects in each AHI category.  

Data are presented as mean ± SD, median (percentile 25 – percentile 75) and percentage for 

normal, non-normal distributed� and categorical data, respectively.  

p-value: comparisons among OSA categories.  Chi-sqare test was used for categorical variables. 

ANOVA with Scheffe post-hoc analysis was used for normal continuous variables. Kruskall-

Wallis test was used for not normal distributed continuous variables using Mann-Whitney test 

and Bonferroni correction to compare between groups.   

�: Data according to Oral glucose test tolerance (OGTT) results in 117 patients with 9 missing 

data (2, 3 and 4 patients from groups AHI <15, AHI 15-30 and AHI>50, respectively).  

For normal data p values of intra-group tests were presented as following: *, **, §, §§ for inter-

group results.  

*    p<0.001 between groups: AHI <15 and AHI >50. 

** p<0.001 between groups: AHI <15 and AHI 30-50. 

§    p<0.001 between groups: AHI 15-30 and AHI >50. 

§§ p<0.001 between groups: AHI 15-30 and AHI 30-50. 

¶   p<0.001 between groups: AHI <15 and AHI 15-30.  

¶ ¶  p<0.001 between groups: AHI 30-50 and AHI >50.  
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Table e-3. The association of metabolic parameters with OSA severity evaluated as 

AHI and Time SpO2 <90% TST in patients without known type 2 diabetes.  

 

 
 
 
Definitions of abbreviations: WC, waist circumference; SBP, systolic blood pressure; DBP, 

diastolic blood pressure; TG, triglycerides; cHDL, high density lipoprotein cholesterol; FBG, 

fasting blood glucose;  HbA1c, the percentage of glycosylated hemoglobin;  

Data was analyzed using linear regression being the dependent variable each of metabolic 

parameters and the independent variable apnea-hypoapnea index or Time SpO2 <90% 

Dependent 
variable 

Adjusted 
ß coefficient * 

(95% CI) 

p Adjusted 
ß coefficient ** 

(95% CI) 

p 

Independent variable: AHI 

 WC, cm 0.047 (-0.017 – 0.110) 0.146 - - 

 SBP,  mmHg 0.133 (0.025 – 0.242) 0.017 0.121 (0.013 – 0.23) 0.029 

 DBP, mmHg 0.106 (0.006 – 0.206) 0.038 0.093 (-0.007 – 0.193) 0.067 

 TG, mmol/l 0.004 (-0.001 – 0.009) 0.090 0.003 (-0.001 – 0.008) 0.153 

 cHDL, mmol/l -0.003 (-0.005 –  -0.000) 0.045 -0.003 (-0.005 - 0.000) 0.041 

 FBG, mmol/l 0.002 (-0.005 – 0.009) 0.548 0.001 (-0.005 – 0.008) 0.668 

 HbA1c, % 0.006 (0.002 – 0.010) 0.006 0.006 (0.002 – 0.010) 0.006 

Independent variable:  Time SpO2 <90% TST 

 WC, cm 0.064 (-0.014 – 0.141) 0.108 - - 

 SBP,  mmHg 0.110 (-0.025 – 0.245) 0.108 0.093 (-0.042 – 0.228) 0.176 

 DBP, mmHg -0.023 (-0.148 – 0.102) 0.713 -0.044 (-0.168 – 0.080) 0.485 

 TG, mmol/l 0.003 (-0.003 – 0.009) 0.313 0.002 (-0.004 – 0.008) 0.495 

 cHDL, mmol/l -0.002 (-0.099 –  0.202) 0.245 -0.002 (-0.005 - 0.001) 0.239 

 FBG, mmol/l 0.052 (-0.005 – 0.009) 0.497 0.038 (-0.114 – 0.190) 0.624 

 HbA1c, % 0.007 (0.002 – 0.012) 0.009 0.007 (0.002 – 0.012) 0.009 
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TST. Results were expressed as unadjusted and adjusted ß coefficient (95% confidence interval) 

and p-value.  

* data adjusted by age, gender, BMI and smoking 

** data adjusted by age, gender, waist circumference and smoking 
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Table e-4. General and Sleep characteristics of the female group.   

 
Total 

(n=115) 
IAH < 15

(n=33) 
IAH � 15 

(n=82) 
P 

Age, years  mean±SD 44.0 ± 10.0 41.0 ± 10.0 45.0 ± 10.0 0.032 

BMI, Kg/m2   mean±SD 46.0 ± 5.3 44.9 ± 4.6 46.5 ± 5.6 0.149 

Postmenopausal state, % 24.3 15.2 34.6 0.038

Current smoking, % 18.3 27.3 14.6 0.147 

Alcohol consumption, % 3.5 6.1 2.4 0.338 

Body Fat, % mean±SD 50.7 ± 7.4 48.0 ± 8.3 51.8 ± 6.7 0.025 

WC, cm mean±SD 126.3 ± 14.2 102.6 ± 14.5 128.6 ± 13.5 0.006 

Waist-Hip Ratio  mean±SD 0.90 ± 0.08 0.86 ± 0.05 0.92 ± 0.08 0.001 

Neck circumference, cm* 41.0 (39.0 – 43.0) 40.0 (39.0 – 42.0) 42.0 (40.0 – 43.5) 0.020 

Obesity Duration, years 

mean±SD 
25.5 ± 10.3 24.9 ± 9.3 25.7 ± 10.7 0.045 

Physical Activity, 
METS.min.week-1,   
mean±SD 
        

2358.4 ± 2442.2 2103.1 ± 2411.5 2464.6 ± 2462.6 0.484 

Glucose tolerance 
assessment §, n (%) 

Diabetes        
IGT  
Normal 
Missing data    

 
 

27 (23.5%) 
17 (14.8%) 
65 (56.5%) 

6 (5.2%)

 
 

7 (21.2%) 
4 (12.1%) 

20 (60.6%) 
2 (6.1%)

 
 

20 (24.4%) 
13 (15.9%) 
45 (54.9%) 

4 (4.8%) 

 
 

0.512 

Arterial blood gases  
mean±SD 
     PaO2 , mmHg 
     PaCO2, mmHg 

 
85.7 (10.5) 
39.4 (4.5) 

 
86.4 (10.2) 
38.6 (4.1) 

 
85.5 (10.7) 
39.7 (4.7) 

 
0.693 
0.240 

Spirometry,   mean±SD          
FVC % predicted 
FEV1 % predicted 
FEV1/FVC% 

 
100.3 ± 15.1 
101.2 ± 14.8 

81.2 ± 7.1

 
95.3 ± 16.1 
96.2 ± 13.6 
79.5 ± 6.3

 
102.3 ± 14.3 
103.2 ± 14.9 

81.8 ± 7.2 

 
0.030 
0.026 
0.125

TST, minutes  mean±SD 349.6 ± 65.6 351.7 ± 51.1 348.7 ± 70.9 0.806

Sleep Efficiency, %  

mean±SD 
75.3 ± 13.7 76.0 ± 12.1 74.9 ± 14.4 0.721

Stage I*, %   6.5 (3.8 – 11.0) 7.4 (5.0 – 9.5) 5.9 (3.5–13.4) 0.551

Stage II, %  mean±SD 58.6 ± 15.5 57.6 ± 10.3 59.0 ± 17.2 0.657

SWS*, %  21.5 (14.2 – 28.9) 21.6 (13.4 – 30.0) 21.1 (15.6 – 28.9) 0.359
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Definitions of abbreviations: BMI, body mass index; WC, waist circumference; IGT, impaired 

glucose tolerance; PaO2, partial arterial pressure of oxygen; PaCO2, partial arterial pressure of 

carbon dioxide; FVC%, predicted percentage of forced vital capacity; FEV%, predicted 

percentage of forced expiratory volume in the first second; FEV1/FVC, FEV1/FVC ratio; TST, 

Total sleep time; SWS, slow-wave sleep; AHI, apnea-hipoapnea index; SpO2, arterial oxygen 

saturation by pulse oximetry; Time SpO2 <90% TST, mean percentage of sleep time with SpO2 

below 90%; Subjects with EES > 10: Percentage of patients with an Epworth sleepiness scale 

score above 10.  

Data are presented as mean ± SD, median (percentile 25 – percentile 75) and percentage for 

normal, non-normal distributed (*) and categorical data, respectively.  

Unpaired t-student, Mann-Whitney and chi-square test were performed on normally, skewed 

and categorical data, respectively.  

§ Data according to OGTT results in 89 patients and previous known diabetes in 20 patients.  

 

 

 

 

 

 

 

Stage REM*, %   14.5 (9.3 – 19.0) 14.7 (11.5 – 18.3) 14.3 (9.1 – 19.0) 0.588

Arousal index*, number/hour  22.7 (13.8 – 38.3) 11.0 (8.6 – 18.0) 27.9 (17.4 – 45.2) < 0.001

AHI*, events/hour  30.8 (14.3 – 48.0) 11.7 (7.7 – 13.6) 36.9 (28.9 – 56.1) < 0.001

Time SpO2 <90%TST*, % 3.2 (0.4 – 13.8) 0.2 (0.0 – 1.1) 5.7 (1.5 – 16.1) < 0.001

Self-reported sleep 
duration, hours/night  
mean±SD 

7.61 ± 1.76 6.72 ± 1.74 7.77 ± 1.57 0.003 

Epworth sleepiness scale 
score  mean±SD 

7.0 ± 5.0 7.0 ± 4.0 7.0 ± 5.0 0.642

Subjects with ESS >10, % 29 (25.2) 7 (21.2) 22 (26.8) 0.039

58



Table e- 5.  The association of metabolic syndrome with obstructive sleep apnea in females  

    
Independent 

Variable 

 
Unadjusted Odds Ratio 

(95% CI) 

 
p 

 
Adjusted Odds Ratio 

(95% CI) 

 
p 

   
  Presence of OSA  
  AHI � 15 events/hour 
 
  Age, years 
 
  BMI, Kg/m2 

 

   Postmenopausal state, % 
  
  Body Fat, %  
 

 
3.86 (1.64-9.08) 

 

 
0.002

 
2.79 (1.09-7.17) 

 
 

1.03 (0.97-1.10) 
 

1.08 (0.99-1.17) 
 

1.98 (0.51-7.65) 
 

1.02 (0.96-1.09) 

 
0.033 

 
 

0.319 
 

0.073 
 

0.322 
 

0.490

    
Independent 

Variable 

 
Unadjusted Odds Ratio 

(95% CI) 

 
p 

 
Adjusted Odds Ratio 

(95% CI) 

 
p 

  
  Presence of nocturnal                 
  hypoxemia 
  Time SpO2 <90% � 3.30% of TST 
 
  Age, years 
  
  BMI, Kg/m2 

 

  Postmenopausal state, % 
  
  Body Fat, %  
 

 
4.67 (2.11-10.45) 

 

 
<0.001
 

 
3.90 (1.61-9.46) 

 
 
 

1.02 (0.96-1.09) 
 

1.09 (1.00-1.19) 
 

2.17 (0.54-8.68) 
 

1.02 (0.95-1.08) 

 
0.003 

 
 
 

0.529 
 

0.056 
 

0.274 
 

0.640

    
Independent 

Variable 

 
Unadjusted Odds Ratio 

(95% CI) 

 
p 

 
Adjusted Odds Ratio 

(95% CI) 

 
p 

 Presence of OSA with significant   
 nocturnal hypoxemia 
 AHI�15 events/hour and  
 Time SpO2 <90% � 3.30% of TST 
 
  Age, years 
 
  BMI, Kg/m2 

 
  Postmenopausal state, % 
  
  Body Fat, %  

 
2.79 (1.68-4.64) 

 

 
<0.001
 

 
2.47 (1.39-4.38) 

 
 
 

1.02 (0.96-1.09) 
 

1.08 (0.99-1.18) 
 

2.02 (0.50-8.13) 
 

1.01 (0.94-1.08)

 
0.002 

 
 
 

0.564 
 

0.073 
 

0.321 
 

0.847
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Definitions of abbreviations: AHI, apnea-hypoapnea index; Presence of OSA defined as an AHI 

� 15 events/hour; Time SpO2 <90% TST, mean percentage of sleep time with SpO2 below 90%; 

Presence of  significant nocturnal  hypoxemia considering values higher or equal to the median 

of the variable Time SpO2 <90%TST; BMI, body mass index.  

Data were analyzed using binary logistic regression. The presence of metabolic syndrome 

defined by NCEP ATPIII modified criteria (Circulation 2009; 120: 1640-1645) was 

considered the dependent variable. Data were adjusted for age, BMI, postmenopausal state 

and Body Fat. Results were expressed as unadjusted and adjusted odds ratio (95% confidence 

interval) and p-value.  
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Figure e-1. Framingham Cardiac Risk Score according to OSA categories in patients 

without known type 2 diabetes. 

 

Figure legend: The Framingham Cardiac Risk Score (Wilson P.W. et al. Circulation 

1998:97(18): 1837-1847) was applied to estimate the 10-year risk of coronary events in the 

different AHI categories. ANOVA with Scheffe post-hoc analysis was used for comparisons 

between OSA categories. * p-value <0.005. 
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Figure e-2. Prevalence of each component of metabolic syndrome according OSA status in 

the female group . 

 

 

 

Legend: Figure. The presence of OSA was considered when AHI ≥15 events /hour. The 

metabolic syndrome definition and its components were based on NCEP ATPIII modified 

criteria (Circulation 2009; 120: 1640-1645). Chi-square test was used for comparisons. 
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ABSTRACT   

Background: Obstructive Sleep Apnea (OSA) is prevalent 

in patients undergoing bariatric surgery (BS). Lack of symptoms 

and optimal weight lost may not guarantee OSA resolution after BS. 

Objectives: To analyze impact of weight loss on OSA severity one 

year post-BS. Methods: Patients with a preoperative apnea-

hypoapnea index (AHI pre-BS) >15 events/h were studied one year 

after BS. OSA diagnosis based on polysomnography or polygraphy, 

body mass index (BMI) and Epworth sleepiness scale (ESS) were 

collected before and after BS. OSA resolution was defined by a

postoperative AHI <5 events/h and OSA improvement by a

reduction in AHI greater than 50%. Results: 59 patients out of 61 

were evaluated (period between BS and sleep reassessment: 15 ± 6 

months). AHI decreased from 56 ± 33 to 15 ± 14 events/h (p<0.001)

and BMI reduced from 52 ± 7 to 33 ± 5 Kg/m2 (p<0.001). Severe 

cases (AHI ≥30 events/h) were reduced from 70% to 12%, with a 

CPAP withdrawal rate of 96% (46/48). 19% experienced complete 

OSA resolution and 42% had mild OSA (AHI 5-15 events/h) but 

27% still had moderate OSA (AHI 15-30 events/h). Patients who 

experienced OSA improvement were younger and had higher AHI 

pre-BS but they did not differ as regards BMI or ESS changes. 

Conclusions: Bariatric weight loss results in significant OSA 

improvement after medium-term follow-up in most patients. OSA 

improvement cannot be reliably predicted by changes in BMI or 

clinical symptoms. Therefore, OSA patients should perform an 

objective post-BS sleep assessment to guarantee OSA resolution.
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INTRODUCTION 

Obesity is the major risk factor for the development of 

obstructive sleep apnea (OSA)[1,2], as the latter is highly prevalent 

in morbidly obese patients (at rates from 40% to 97%) [3,4]. 

Bariatric surgery (BS) is the recommended weight loss option for 

morbidly obese patients who suffer from serious co-morbidities 

related to obesity and have failed to lose weight with conservative 

approaches. BS results in sustained weight loss, which, in turn, 

reverses the severity of many obesity-related disorders such as 

diabetes, dyslipemia and hypertension [5].  

Most standard guidelines recommend OSA screening before 

BS as OSA is considered a highly prevalent concomitant condition 

with respect to obesity and it may induce perioperative 

complications if left untreated. In general practice, however, this 

measure is not fully implemented in many bariatric centers. 

Moreover, most bariatric patients do not report OSA-related 

symptoms during the preoperative assessment [6,7] and they report 

even fewer symptoms after surgery [8]. This may mean that the 

presence of OSA is overlooked in both of these periods: before and 

after BS. In many cases of severe OSA patients treated with 

continuous positive airway pressure therapy (CPAP) before surgery 

have this therapy withdrawn once they experience a significant 

weight loss after BS, without any reassessment of objective OSA 

improvement. However, optimal surgical weight loss may not 

always guarantee OSA resolution [9] and these subjects could still 

suffer from OSA and its cardiometabolic burden, even though they 

may not complain about any OSA-related symptoms. 
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The presence of residual OSA after BS may worsen the 

deleterious consequences of obesity due to the association of OSA 

with the metabolic syndrome [4]. It is thus important to know the 

specific outcomes of bariatric surgery with respect to OSA 

improvement. The current literature on OSA resolution after BS is 

still inconclusive, for several reasons. Many published works had 

small sample sizes [10-12] and/or significant follow-up bias [13-

15], and so their results should be interpreted with caution.  

In the present work, all the patients studied for OSA before 

BS were reassessed after surgery via an objective sleep study, 

regardless of OSA symptoms. The aim of this study was to analyze 

the objective impact of BS on OSA severity after one year of 

surgery and also attempt to find clinical predictors of OSA 

improvement.  

METHODS

Study design and setting

The present study included patients from Bellvitge 

Hospital’s Multidisciplinary BS program who underwent this 

surgical procedure during the period February 2007-December 

2009. The protocol was approved by our institution’s scientific 

research review committee.

Study population

The BS inclusion criteria were: (1) Age between 18 and 60 

years; (2) BMI  

(Body Mass Index) � 40 Kg/m2 or BMI � 35 Kg/m2 with severe 

comorbidities (hypertension, diabetes mellitus, cardiovascular 
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disease, OSA, severe degenerative arthropathy) and (3) failure to 

lose weight with conservative approaches. Patients were eligible for 

the study if they fulfilled the BS inclusion criteria and had been 

diagnosed as having OSA prior to surgery. The preoperative sleep 

evaluation was conducted in all patients with a BMI >50 Kg/m2,

and after reports of any OSA-related symptom (including mild 

snoring) in patients with a BMI ≤50 Kg/m2. One year after BS, 

patients who had had a preoperative apnea-hypoapnea index (AHI 

pre-BS) >15 events/hour were invited to perform the postoperative 

sleep study.  

Data collection:

Subjects were evaluated before and after BS. Both 

evaluations included a clinical assessment by a sleep specialist and 

an overnight attended polysomnography (PSG) (Siesta, 

Compumedics, Melbourne, Australia) or respiratory polygraphy 

(RP) (P-series, Compumedics, Melbourne, Australia).  

In the clinical evaluation, anthropometric data (body mass 

index), comorbidities and tobacco and alcohol habits were 

collected. The excessive daytime sleepiness was defined by an 

Epworth Sleepiness Scale (ESS) >10 [16]. Spirometry and arterial 

blood analysis were also performed at the preoperative evaluation. 

Polysomnography (PSG) included two 

electroencephalogram channels (EEG), two electrooculography 

channels, chin electromyography, oronasal flow measured by a 

thermistor and nasal canula, thoracic and abdominal excursion 

bands, oxygen saturation recorded with a digital pulse oximeter 

(Sp02), electrocardiogram, anterior tibial electromyogram, sound 
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recording for snoring and a body position sensor. The studies were 

scored in 30-second epochs following standard criteria for sleep 

staging [17]. Respiratory polygraphy (RP) included oronasal flow 

by thermistor and nasal canula, thoracic and abdominal excursion, 

Sp02 recorded by a digital pulse oximeter, body position and snoring 

recorded by microphone. The AHI was defined by the number of 

apneas and hypopneas occurring per hour of sleep (PSG) or per 

hour of recording (RP). An obstructive apnea was defined as no 

airflow for ≥10 seconds, despite ongoing respiratory effort. A 

hypopnea was defined as a decrease in airflow associated with a 

reduction of ≥3% in Sp02 or EEG arousal [18]. The percentage of 

sleep time (PSG) or recording time (RP) with a Sp02 below 90% 

(CT90%) was also quantified. OSA severity was classified as 

follows: mild 5 <AHI≤ 15 events/hour; moderate 15 <AHI ≤ 30 

events/hour; severe 30 <AHI ≤ 50 events/hour and very severe AHI 

> 50 events/hour.   

Pre-operative continuous positive airway pressure (CPAP) 

or bilevel ventilatory support (BVS) was indicated in all patients 

suffering from severe or very severe OSA. In moderate cases, the 

indication was individualized according to symptoms and 

cardiovascular comorbidity. The optimal pressure was determined 

when indicated, by manual titration [19] or by automatic titration 

with autoCPAP (Autoset Clinical System, Resmed, North Ryde, 

Australia) [20]. Bilevel ventilatory support (BVS) was indicated

when sustained diurnal hypercapnia and/or nocturnal oxygen 

desaturation persisted even when CPAP could resolve the 

obstructive events.
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Endpoints

The main endpoints were OSA resolution defined by an AHI 

post-BS < 5 events/hour and OSA improvement defined as a 

reduction in AHI greater than 50% (AHI pre-BS – AHI post-BS) / 

AHI pre-BS ≥ 0.5). 

Statistical Analysis

Statistical analyses were performed using computerized software 

(SPSS version 17.0). All tests were 2-tailed, and p values <0.05 

were assumed to represent statistical significance. Data was 

presented as mean ± standard deviation for continuous variables and 

as number (percentage) for categorical variables. Kolmogorov-

Smimov test was used to test the normality distribution of 

continuous variables. For categorical variables, the bivariate 

comparisons were made using the Chi-squared test or Fisher’s test, 

if the expected counts < 5. For continuous variables, in unpaired 

data comparisons were made using unpaired t-test (parametric) or 

Mann-Whitney test (non-parametric) and in paired data 

comparisons between the variables “difference preBS - postBS” 

were tested using paired t-test (parametric) or Wilcoxon test (non-

parametric). Logistic binary regression was used to identify 

independent predictors of OSA improvement. The association 

results were summarized using unadjusted and adjusted β 

coefficients with their 95% confidence intervals (95% CI).

RESULTS  

A total of 70 patients completed the preoperative sleep 

study. Nine subjects had an AHI pre-BS <15 events/hour. Of the 
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remaining 61, 2 patients refused to participate in the postoperative 

study. Thus, 59 patients underwent both sleep studies. The 

flowchart is shown in Figure 1.  

Table 1 illustrates the baseline characteristics in patients 

with paired data (n=59). Overall, 80% were women with a mean 

age of 47 ± 10 years and a mean BMI of 52 ± 7 Kg/m2 (range 36-73 

Kg/m2). The most prevalent concomitant conditions were 

hypertension (49%) and diabetes (39%). No patient had severe 

diurnal hypoxemia (Pa02 < 60mmHg). Ten patients (17%) presented 

mild diurnal hypercapnia (PaC02 > 45mmHg, mean value of 48 ± 2 

mmHg and range 46-53).

Table 2 shows the pre-operative sleep data in the paired 

sample. The mean AHI was 56 ± 33 events/hour and the majority 

did not report hypersomnia (70% reporting ESS ≤ 10, mean: 9 ± 6). 

As regards OSA severity: 31% had moderate OSA, 22% severe 

OSA and 48% had very severe OSA. CPAP treatment was indicated 

in 80% (47 out of 59 patients) with a mean pressure of 11 ± 2 (range 

6-14 mmH20) and one patient required BVS (inspiratory and 

expiratory pressure parameters were: 20 cmH20 and 10cmH20,

respectively). 

The mean period between BS and postoperative assessment 

was 15 ± 6 months (range 6-33 months). Table 3 shows the absolute 

changes AHI, BMI, ESS and CT90. AHI decreased from 56 ± 33 to 

15 ± 14 events/hour (p <0.001) and CT90 lowered from 26 ± 25 to 

5 ± 10% (p <0.0001). Both ESS and BMI decreased from 9 ± 6 to 5 

± 4 (p <0.0001) and from 52 ± 7 to 33 ± 5 Kg/m2 (p <0.0001).  
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Most patients also experienced a significant weight 

reduction, although only 3% achieved normal weight (BMI 18.5-

24.9 Kg/m2) and 65% still presented moderate obesity (BMI 30-

39.9 Kg/m2) (Fig 2). The individual changes in BMI and AHI after 

surgery are shown in Figure 3 and Figure 4, illustrating how AHI 

improvement was not always related to lowering of the BMI. Figure 

5 shows OSA categories before and after BS. After BS, nearly all 

the patients experienced a significant AHI reduction, with 

noticeable reductions in very severe and severe cases: the 

percentage of patients with an AHI >=30/h was reduced from 70% 

to 12%, leading to a CPAP withdrawal rate of 96% (46 of 48 

patients with CPAP pre-BS) and the patient requiring BVS could do 

without it after BS. Furthermore, 42% of the patients reduced their 

OSA to mild forms (AHI 5-15/h) and 19% experienced complete 

resolution (AHI <5/h). In contrast, moderate OSA (AHI 15-30/h) 

was still present in 27% of the patients.  

Considering OSA improvement as a reduction in AHI 

greater than 50%, the patients who improved (46/59) were younger 

and had more severe OSA at the preoperative assessment than those 

patients who did not improve (Table 4). However, they did not 

differ in terms of gender, comorbidities, BMI changes, subjective 

hypersomnia or baseline blood gases. Moreover, according to the 

univariate logistic regression analysis, younger age and higher AHI 

pre-BS were the only independent variables associated with OSA 

improvement, with unadjusted β coefficients (95% CI, p-value) as 

follows: 0.921 (0.851 – 0.998, p 0.043) and 1.027 (1.001 – 1.054, p 

0.039), respectively. Furthermore, in the multiple logistic regression 
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model only higher AHI pre-BS (>= 30 events/hour) remained 

independently associated with OSA improvement after adjusting for 

age, gender and BMI improvement, with the following adjusted β 

coefficient (95% CI and p-values): 10.937 (2.064-57.965, p 0.005). 

DISCUSSION  

Surgical weight loss results in a significant OSA 

improvement after medium term follow-up, leading to a noticeable 

reduction in severe cases (from 70% to 12%) and, consequently, a 

high CPAP withdrawal rate (96%). Most patients improved to mild 

OSA (42%), while many still had moderate OSA (27%) and only a 

few achieved complete resolution (19%). This improvement was 

related to younger age and higher AHI pre-BS but cannot be 

predicted by changes in BMI or ESS. Therefore, at the moment, 

OSA patients undergoing BS should perform an objective sleep 

assessment after surgery in order to check for sleep disorder 

resolution. 

Many previous works on the impact of BS on OSA severity 

had several limitations. Some had a small sample size, with less 

than 20 patients studied [10-13], so their results should be analyzed 

with caution. Others lacked clear definitions of OSA diagnosis, 

improvement and resolution and, therefore, of success rates after 

BS, so it is difficult to compare studies [21]. Moreover, some 

published data have defined OSA without any sleep study and 

considered its resolution after BS on the basis of amelioration of 

symptoms, without confirming the improvement with an objective 

postoperative sleep study [22-25]. The main limitation of many 
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previous studies, however, was undoubtedly their follow-up bias: 

only 11-29% of patients studied during the preoperative period were 

reassessed in the post-operative period [8,13,14,21,26]. Many 

patients did not consider it necessary to repeat a polysomnography 

or respiratory polygraphy since they reported significant subjective 

improvement. Even some of the physicians taking care of these 

patients considered snoring resolution synonymous of OSA 

resolution, thus they did not reinforce their patients to perform a

control sleep study after surgical weight loss. In the present study, 

the follow-up bias is insignificant as the follow-up rate is nearly 

97% (59/61). Only two previous smaller series had similar follow-

up rates [12, 27].  

A meta-analysis published in 2009 [28] reviewed the 

published works that analyzed the effects of surgical weight loss on 

the AHI. They concluded that 12 studies were relevant; of these, 

only 2 were prospective and had no significant follow-up bias, 

despite their limited sample sizes (less than 25 patients) [12,27]. 

Notwithstanding these limitations as regards data heterogeneity, 

small sample size and follow-up bias, the final results of several of 

these 12 studies, examining a total of 80 patients via an objective 

sleep study before and after BS, did not substantially differ from our 

own results. In the meta-analysis, the AHI post-BS was reduced to 

less than 5 and less than 10 events/hour in 25% and 44% of patients, 

respectively, while in our series it was reduced to 19% and 46%, 

respectively. The mean BMI reductions were also similar: 17.9 

Kg/m2 (95% CI, 16.5-19.3) in the meta-analysis and 18.3 Kg/m2

(95% CI, 16.9-19.7) in the present work. In the meta-analysis, the 
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search for predictive factors of OSA improvement after BS found 

only two independent factors:  age (younger) and a weight loss > 

100Kg (although this had a low predictive capacity as only a few of 

the patients experienced a surgical weight loss >100Kg). Therefore, 

the authors finally recommended an objective sleep study after BS 

as the only reliable means of verifying OSA resolution.  

According to the results of the present study’s regression 

analysis, it seems that younger and more severe OSA patients are 

more likely to improve their OSA status after BS. Moreover, after 

adjusting for age, gender and BMI improvement, suffering from 

severe OSA before BS (AHI preBS ≥ 30 events/hour) seems to be 

the only independent variable associated with significant OSA 

improvement after BS. However, we are aware that these variables, 

although significantly associated with post-BS OSA improvement, 

did not have sufficient power to fully identify, in all cases, those 

patients who would experience a significant AHI reduction after 

BS. This result should therefore be taken as an explicative model, 

rather than a predictive one. Our findings in this homogeneous and 

moderately broad sample (>50 patients) therefore endorse the final 

recommendation made by the meta-analysis published in 2009 [28]: 

that clinicians should have low thresholds for evaluating 

postsurgical patients with repeated polysomnograms, as this is the 

only means available for objectively reassessing OSA status, in the 

absence of a reliable clinical model for predicting significant OSA 

improvement after BS. Moreover, it is important to emphasize that 

improvement in subjective somnolence after BS was not a predictor 

of OSA improvement, thus reinforcing the need to perform an 
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objective sleep study during the follow-up in order to verify OSA 

resolution after optimal surgical weight loss. 

 Like many previous bariatric cohorts [4,29], ours had a clear 

female predominance and most patients did not report subjective 

sleepiness before BS, despite suffering from OSA. As expected, BS 

resulted in a significant mean reduction in BMI, AHI, CT90%, ESS 

score and CPAP requirements. The most significant improvement 

was seen in younger patients suffering from severe OSA. Mild-

moderate OSA patients also experienced a significant reduction in 

the AHI after surgery, but this was less marked, even when the 

reduction in BMI was similar. The reasons for this discrepancy are 

still unclear. The substantial variability in AHI response to surgical 

weight loss, along with the lack of sufficient independent clinical 

predictors of OSA improvement after BS, may reflect a relationship 

between OSA and surgical weight loss that is more complex than a 

mere two-way correlation between AHI and BMI. Changes in the 

BMI may not be the best parameter for linking OSA improvement 

with obesity improvement after bariatric surgery. Other 

uncontrolled factors, apart from the final BMI, could also play a 

part. 

Fat distribution is not homogenous in obese patients and 

BMI represents only the overall increase in body weight [30],

adipose tissue quantification of abdominal and neck regions by 

nuclear MRI [31,32] or CT scanner [33], or even other simpler 

measurements, such as neck and waist circumferences [34], may 

better reflect specific fat distribution phenotypes that are probably 

more closely related to OSA. Even with an equal BMI decrease, 
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some patients may reduce these parameters more than others, 

leading to a higher reduction in AHI. Another possible explanation 

is the notion that airway narrowing depends on  the balance 

between the amount of soft tissue surrounding the pharyngeal 

airway and the craniofacial bony enclosure [35]. Before BS, airway 

size could be reduced in both respects, but particularly in the 

“obesity” factor; after BS, at equal weight loss post-BS, the AHI 

would be reduced more in patients in whom airway reduction was 

primarily governed by the “obesity” factor, compared to those in 

whom the “anatomical” factor also participated. Moreover, as has 

recently been postulated [36], it is also possible that the beneficial 

effects of BS on OSA include not only mechanical weight-

dependent but also metabolic weight-independent effects, such as 

adipokine effects, cytokine actions, altered gut hormonal release 

and insulin resistance improvement.

The present study has several weaknesses. Firstly, the sleep 

reassessment was performed after a medium term follow-up; some 

patients may not yet have achieved their optimal weight loss. It 

would be interesting to evaluate whether this substantial AHI 

reduction could be maintained over time (high age and different 

weight variations). Further studies could focus on the relationship 

between OSA recurrence and weight regain post-BS in larger 

cohorts with a longer follow-up. Secondly, it seems that changes in 

the BMI do not predict OSA improvement, and other weight 

parameters more closely related to OSA development were not 

collected. Waist and neck circumferences could easily be assessed, 

thereby contributing indirect information about changes in upper-
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body and abdominal fat accumulation. Others factors would require 

more complex quantification techniques.  

Conclusions  

Bariatric weight loss results in significant OSA 

improvement in most patients after a medium-term follow-up. 

However, some patients could still have residual OSA and its 

associated cardiometabolic burden, despite achieving optimal BMI 

loss and significant subjective improvement. Although post-BS 

OSA improvement seems to be independently associated with 

younger age and higher AHI pre-BS, it cannot be reliably predicted 

by those two independent variables, or by changes in the BMI or 

clinical symptoms. Therefore, since research in this field has not 

advanced, OSA patients undergoing BS should undergo an 

objective sleep assessment after surgery in order to guarantee OSA 

resolution.  
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Figure 1. Patients’ Flow chart

Abbreviations: BMI, body mass index; OSA, obstructive sleep 

apnea; AHI, apnea-hypoapnea index; BS, bariatric surgery. 
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Table 1. Preoperative general characteristics of the simple 

Patients with paired data

n = 59 

Anthropometrics  and general variables 

Age, years 47.4 ± 9.7 

Gender, females (%) 47 (80%) 

BMI, Kg/m
2 51.7 ± 7.0 

Lung functional variables 

FVC, % 93.6 ± 20.3 

FEV
1
, % 93.0 ± 18.5 

FEV
1
/FVC 81.8 ± 6.3 

Pa0
2
, mmHg 83.2 ± 9.5 

PaC0
2
, mmHg 40.9 ± 5.0 

Comorbidities and habits 

Hypertension, n (%) 29 (49%) 

Diabetes , n (%) 23 (39%) 

COPD, n (%) 5 (9%) 

Smoking, n (%) 13 (22%) 

Alcohol consumption, n (%) 2 (3%) 

Sedatives, n (%) 8 (14%) 
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Table 2. Preoperative sleep characteristics of the simple 

Patients with paired data

n = 59 

Sleep variables and OSA severity 

AHI, events/hour 55.6 ± 33.4 

CT90%, % 25.9 ± 25.4 

OSA category, n (%)

no OSA:        AHI <5

mild:              AHI 5-15

moderate:     AHI 15-30

severe:          AHI 30-50

very severe:  AHI >50

-

-

18 (31%)

13 (22%)

28 (48%) 

Preoperative indication of positive airway pressure therapy 

CPAP, n (%) 47 (80%) 

BVS , n (%) 1 (1%) 

Subjective sleepiness assessment 

ESS, score 9 ± 6 

EDS, n (%) 17 (30%) 
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Table 3. Mean changes in the principal characteristics after surgery  

Pre-BS Post-BS Mean 

difference 

95% IC p

BMI,

Kg/m

51.7 ± 7.0 33.4 ± 5.0 18.3 ± 5.4 19.7 –

16.9

<

0.001

ESS,

score 

9.0 ± 5.8 4.7 ± 4.1 4.3 ± 5.5 5.8 – 2.8 <

0.001

AHI,

events/h 

55.6 ± 

33.4

15.3 ± 

14.1

40.4 ± 

32.1

48.7 –

32.0

<

0.001

CT90%, 

%

25.9 ± 

25.4

5.2 ± 10.1 20.7 ± 

23.4

26.8 –

14.6

<

0.001

94



Table 4. OSA improvement after Bariatric Surgery 

OSA IMPROVEMENT 

RATIO*

(Ratio >= 0.5)

YES

n=46

NO

n=13

p

Age, years 46 ± 9 52 ± 10 0.034

Gender, females % 36 (78%) 11 (85%) 0.615

Hypertension, n (%) 20 (44%) 9 (69%) 0.207

Diabetes, n (%) 16 (35%) 7 (54%) 0.339

BMI pre-BS, Kg/m
2 51.9 ± 7.3 50.9 ± 5.5 0.739

ΔBMI, Kg/m
2 18.8 ± 5.2 16.5 ± 5.6 0.342

BMI Improvement ratio * 0.36 ± 0.07 0.32 ± 0.09 0.295

AHI pre-BS, events/h 60.7 ± 33.5 37.7 ± 27.1 0.017

CT90% pre-BS, % 25.5 ± 23.1 27.4 ± 33.5 0.947

ESS pre-BS, score 9 ± 6 8 ± 6 0.564

ΔESS, score 4.7 ± 5.4 3.1 ± 5.7 0.372

Pa0
2
pre-BS, mmHg 83.4 ± 9.8 82.6 ± 8.8 0.799

PaC0
2
pre-BS, mmHg 40.2 ± 4.7 42.7 ± 5.9 0.475

CPAP indication, n (%) 40 (87%) 9 (69%) 0.213

CPAP pressure, cmH
2
0 11 ± 2 12 ± 3 0.170

Post-op period, months 15.1 ± 5.9 13.6 ± 4.0 0.530
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Figure 2. Changes in Body Mass Index (Kg/m2) categories after 

surgery 

Abbreviations: BMI, body mass index; Pre-BS, preoperative period; Post-

BS, postoperative period. 
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Figure 3. Individual changes in BMI after bariatric surgery 

Abbreviations: BMI, body mass index; Pre-BS, preoperative period; Post-

BS, postoperative period. * Patients who did not improve OSA category 

from pre-BS period to post-BS period are illustrated in numerical order, 

with their individual BMI values in brackets. * Median BMI values. 
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Figure 4. Individual changes in AHI after bariatric surgery

Abbreviations: AHI, apnea-hypoapnea index; pre-BS, preoperative period; 

post-BS, postoperative period. * Patients that did not improve OSA 

category from pre-BS period to post-BS period are illustrated in numerical 

order showing their individual AHI values in brackets. * Median AHI 

values. 
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Figure 5. Changes in Apnea-hypoapnea Index (events/hour) 

categories after surgery 

Abbreviations: AHI, apnea-hypoapnea index; Pre-BS, preoperative 

period; Post-BS, postoperative period.
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MAIN HYPOTHESIS:  
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RESULTS:  

Gasa M, Salord N, Fortuna AM, Mayos M, Vilarrasa N, Dorca J, Montserrat JM, 

Bonsignore MR, Monasterio C. Obstructive sleep apnoea and metabolic 

impairment in severe obesity. Eur Respir J. 2011 Nov;38(5):1089-97. Epub 2011 

May 26.   

� OSA is very prevalent in this population of morbidly obese 

patients candidates to bariatric surgery. 

�  The prevalence of MetS was significantly higher in OSA patients 

compared to non-OSA patients (70% vs 36%, p 0.001).   

� As AHI severity increased, metabolic parameters progressively 

worsened, even in those without type 2 diabetes (DM2).  

� AHI was independently associated  with  systolic  and  diastolic  

blood pressure,  triglycerides  and  the  percentage  of  

glycosylated haemoglobin  (HbA1c)  in  the  total  sample,  and  

with  systolic  BP,  high-density  lipoprotein cholesterol and 

HbA1c in those patients without DM2.  

� OSA increased the adjusted odds ratio of having MetS by 2.8 

(95% CI 1.3–6.2; p 0.009). 

� As OSA severity rises according to AHI categories, the 

Framingham cardiac risk score also increases.  
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Gasa M, Salord N, Fortuna AM, Mayos M, Embid C, Vilarrasa N, Montserrat 

JM, Monasterio C. Optimizing screening of severe obstructive sleep apnea in 

patients undergoing bariatric surgery. Surg Obes Relat Dis. 2012 Feb 9. [Epub 

ahead of print].  

� We have constructed an easy, reliable and secure predictive model 

to detect in a cohort of patients waiting for bariatric surgery those 

more prone to suffer from severe OSA. 

� Using this two-step model, we ruled out 45% of the patients: 15% 

of the patients would be ruled out by applying the first formula 

based on clinical parameters (age, waist circumference, systolic 

blood pressure, and witnessed apnea episodes) and 30% applying 

the second formula adding data form the pulse-oximetry (oxygen 

desaturation index of  ≥3%) in the remaining subjects. 

Furthermore, the number of more complex sleep evaluations has 

been reduced from 136 to 75. 

� The final predictive values of the two-step model were: 

Sensibility 91%, Specificity 90%, Postive predictive value 92%, 

Negative predictive value 89% and an overall accuracy of 0.90 

(95% CI from 0.84 to 0.94) with an acceptable percentage of 

misclassification rates: false negative of 9% and false positive of 

10%.  
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