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are potentially harmful to the cardiovascular system and metab-
olism.5 OSA could also increase visceral fat dysfunction, which 
could play a pivotal role in the relationship between obesity and 
MetS.6 Visceral fat is now considered a highly active organ that 
produces a variety of molecules, such as infl ammatory cyto-
kines and adipokines (e.g., leptin and adiponectin); these also 
modulate mechanisms related to metabolic dysfunction, such 
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Metabolic syndrome (MetS) is a cluster of metabolic and 
cardiovascular abnormalities (central obesity, impaired 

glucose metabolism, hypertension, hypertriglyceridemia, and 
lower high-density lipoprotein cholesterol) that is associated 
with an increase in cardiovascular morbidity and mortality.1,2

There is increasing evidence, mainly from studies in moder-
ately obese sleep-referred patient cohorts, that obstructive 
sleep apnea (OSA) may impact negatively on MetS or some of 
its components, independent of the body mass index (BMI).3

Furthermore, in a large cross-sectional study of non-selected 
morbidly obese patients with a high prevalence of MetS,4 OSA 
was associated with a worse metabolic profi le independent of 
BMI, suggesting that OSA plays an important role in the patho-
genesis of metabolic dysfunction, even in morbid obesity.

OSA stimulates, mainly through intermittent hypoxia, several 
intermediate mechanisms including oxidative stress, infl amma-
tion, sympathetic activation, and endothelial dysfunction that 
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BRIEF SUMMARY
Current Knowledge/Study Rationale: There is evidence that 
obstructive sleep apnea (OSA) can affect metabolic syndrome (MetS) 
and cardiovascular risk even in morbid obesity, but the intermediate 
mechanisms through which this occurs have not been well defi ned.
Study Impact: In a morbidly obese population with established MetS, 
the presence of OSA did not determine any differences in infl ammatory, 
adipokine, VEGF, or sCD40L profi le. Obesity itself could produce a ceiling 
effect on sleep apnea and MetS in the studied intermediate biomarkers.
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as oxidative stress, inflammation, and sympathetic activation, 
and they are also involved in the progression of arteriosclerosis, 
the key factor for cardiovascular risk.6 More specifically, one 
recently described adipokine, chemerin, highly expressed in 
adipose tissue, is thought to play an important role in metabolic 
lipogenesis, glucose homeostasis, and adipocyte differentiation.7

Many experimental and clinical studies have explored the 
possible underlying interaction between OSA, obesity and 
MetS, but there has been no clarification to date of the impact 
of each entity on the intermediate mechanisms related to patho-
logical consequences.3 Given the concern about the confusing 
effect of obesity, most clinical studies match patients for BMI to 
assess differences between OSA patients and controls without 
OSA. The BMI could be insufficient, however, as abdominal 
visceral fat is a stronger risk factor than other fat deposits for 
adverse health consequences such as hypertension, insulin 
resistance, diabetes, and the metabolic syndrome.8,9 Waist 
circumference (WC) has been considered a surrogate marker of 
visceral adiposity.10 However, no studies matched by WC have 
focused on the effect of OSA on MetS and its pathogenic path-
ways in morbidly obese patients.

As an association between OSA and MetS has been observed 
even morbidly obese patients,4 in the present observational study, 
we investigated how the presence of OSA could be associated 
with alterations in three of the main known pathways involved 
in MetS and atherosclerosis, its underlying physiopathological 
process. For this purpose we compared the synthesis of several 
adipokines, including chemerin, pro-inflammatory markers and 
endothelial dysfunction markers in morbidly obese patients 
with MetS with and without OSA, as well as a third group of 
morbidly obese patients without MetS and without OSA and we 
matched them for waist circumference.

METHODS

Study Design, Setting, and Participants
We included patients with MetS criteria from a previous 

published morbid obesity cohort of 159 patients from 3 univer-
sity hospitals.4 Patients with and without OSA were matched for 
age, gender, and waist circumference (as a measure of central 
obesity). The patients included were determined by the ability 
to match pairs from the previous cohort. To explore the effect 
of morbid obesity alone, we also included a third group without 
MetS and without OSA, matched by the same confounders. The 
study protocol was approved by the ethics committee of each 
hospital (PR052/08, 07/064/797, PI080277). All participants 
gave informed written consent.

Each participant completed a detailed questionnaire on 
medical history, cardiovascular risk factors, and current medi-
cation. Anthropometric characteristics included BMI, neck 
circumference (at the level of the laryngeal prominence), 
waist circumference (WC, measured midway between the 
lowest rib and the iliac crest), waist/hip ratio, and percentage 
of body fat mass measured with electrical bioimpedance (BIA 
101, Akern Bioresearch, Florence, Italy). Blood pressure 
was measured by a standard mercury sphygmomanometer 
while the subject was seated at rest; the mean value of ≥ 2 
measurements was calculated.

Sleep Study
OSA was determined by a full overnight polysomnography 

(Siesta, Compumedics, Abbotsford, Australia). Polysomnog-
raphy interpretation was assessed according to the standard 
criteria of Rechtschaffen and Kales. Apnea was defined as a 
cessation of flow ≥ 10 sec and hypopnea as 30% to 90% flow 
reduction for ≥ 10 sec accompanied by a fall ≥ 3% in oxyhe-
moglobin saturation (SpO2) and/or a microarousal. The apnea-
hypopnea index (AHI) was the total number of such events per 
hour of sleep. An AHI of 15 events/h was chosen to define the 
presence of OSA according to the study design. The degree of 
nocturnal desaturation was assessed by the mean percentage 
of sleep time with SpO2 below 90% (Time SpO2 < 90%). 
Excessive daytime sleepiness was evaluated by the Epworth 
Sleepiness Scale (ESS).

Blood Measurements and Definition of Metabolic 
Syndrome

The morning after polysomnography (08:00-09:00), a 
venous blood sample was obtained from all patients in fasting 
conditions. Fasting blood glucose (FBG), percentage of glyco-
sylated hemoglobin (HbA1c), total cholesterol, triglycerides, 
high-density lipoprotein (HDL) cholesterol, low-density lipo-
protein (LDL) cholesterol, and very low-density lipoprotein 
(VLDL) cholesterol levels were determined with standard 
laboratory methods. Insulin was determined by the automated 
chemiluminescence method (Advia Centaur, Siemens, NY, 
USA) with a sensitivity of 0.5 mU/L and an inter-assay coef-
ficient of variation of 7.5%. Insulin resistance was estimated 
using the homeostasis model assessment (HOMA) score, 
defined by fasting serum insulin mU/L × fasting plasma glucose 
mmol/L/22.5. MetS was defined according to the NCEP-ATP 
III modified criteria.1

Serum Special Sampling
Blood samples obtained in tubes without anticoagulant were 

centrifuged immediately; the resulting serum was stored in 
aliquots at -80° C until analysis. Measurements were always 
made in duplicate, and the mean values were used for analysis. 
Biomarker levels were determined by enzyme-linked immuno-
sorbent assay using commercially available kits: vascular endo-
thelial growth factor (VEGF) (Invitrogen, California, USA); 
soluble CD40 ligand (sCD40L) (R&D Systems, Minneapolis, 
USA); tumor necrosis factor α (TNF-α) (Invitrogen California, 
USA); interleukin 6 (IL-6) (Invitrogen California, USA); 
leptin (SPI-BIO, Montigny, France); adiponectin (SPI-BIO, 
Montigny, France) and chemerin (USCN Life Science, Wuhan, 
China). See online data for information about assay sensitivity 
and inter- and intra-assay coefficients of variation (Table S1).

Statistical Methods
Patients were matched by a weighted Manhattan distance 

based on the normalized variables calculated between patients. 
Each patient from one group was matched with another in 
the other group with the lowest distance from him/her. If the 
matching was performed in a 1:2 proportion, each patient was 
matched to the 2 patients in the other group with the lowest 
distance from him/her. Sample size was determined by the 
ability to match pairs from the previous cohort.
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Results are shown as median and interquartile range. Due to 
the skewed distribution and sample size, comparisons among 
the 3 groups were performed with the Kruskal-Wallis test, 
with post hoc Bonferroni correction for multiple compari-
sons. Correlations between variables were explored using the 
Spearman test. Statistical significance was defined as p < 0.05.

RESULTS

Twenty-six patients with OSA and MetS (OSA-MetS) 
criteria were matched with 13 non-OSA patients with MetS 
(non-OSA-MetS) and 13 non-OSA and non-MetS controls 
(non-OSA-non-MetS). Cases and control subjects were similar 

in age, weight, and waist circumference, as expected (Table 1). 
The 3 groups had similar BMI and neck circumference, and 
there was a nonsignificant trend toward higher fat mass in the 2 
MetS groups (Table 1). As usual in morbid obesity, the cohorts 
were mainly composed of premenopausal women. Although 
the OSA-MetS patients were taking more medication and had 
higher previously diagnosed hypertension, there were no differ-
ences between the groups regarding drugs used or smoking 
status (Table 2). Post hoc analysis only showed a significant 
difference in the higher use of statins in OSA-MetS patients 
with respect to non-OSA -non-MetS patients.

The OSA-MetS patients had a high AHI with a median 
and interquartile range (IQR) of 47.1 (32-66) events/h, Time 

Table 1—Patients’ general characteristics: matched 1:1 and 1:2 by waist circumference, age and sex.
Non-OSA & Non-MetS 

(AHI < 15)
N = 13

Non-OSA & MetS
(AHI < 15)

N = 13

OSA & MetS
(AHI > 15)

N = 26

p value 
between 
groups

Age, years 39 (31-46) 45(36-53) 45 (39-51) 0.114
Sex, n females (%) 9 (69.2%) 8 (61.5%) 20 (76%) 0.597
BMI, kg/m2 44.4 (41-47) 46.2 (43-51) 45.1(42-50) 0.505
Waist circumference, cm 124 (117-132) 130 (120-137) 128 (121-135) 0.366
Weight, kg 121 (107-142) 124 (108-133) 120 (111-134) 0.863
Waist to hip ratio 0.88 (0.85-0.97) 0.89 (0.85-0.96) 0.93 (0.89-0.99) 0.155
Postmenopausal status, ratio (%) 1/9 (11%) 2/8 (25 %) 5/20 (25% 0.679
Neck circumference, cm 42 (39-44) 41 (40--47) 43 (41-49) 0.232
Fat Mass, % 46 (37 -50) 51 (48-57) 51 (43-55) 0.069

MetS, metabolic syndrome; AHI, apnea-hypopnea index. Data are presented as median (interquartile range) for continuous data and n (percentage) for 
categorical data. Kruscal-Wallis with Bonferroni PostHoc and chi-square test were performed.

Table 2—Previous diseases and treatments: matched 1:1 and 1:2 by waist circumference, age and sex.
Non-OSA & Non-MetS 

(AHI < 15)
N = 13

Non-OSA & MetS 
(AHI < 15)

N = 13

OSA & MetS
(AHI > 15)

N = 26

p value
between
groups

Ischaemic heart disease n (%) 0 0 1 (4%) 1
Current smoker, n (%) 3 (23%) 3 (23%) 3 (12%) 0.811
Insulin therapy, n (%) 1 (8%) 1 (8%) 1 (4%) 1
Oral hypoglycemiants, n (%) 0 2 (15%) 6 (23%) 0.151
Previous diabetic treatment, n (%) 1 (8%) 3 (23%) 7 (27%) 0.375
Aspirin, n (%) 0 2 (15%) 2 (8%) 0.353
Statins, n (%) 0 ** 1 (8%) 7 (27%) 0.074
NSAIDs, n (%) 1 (8%) 2 (15%) 4 (15%) 0.882
ACEIs, n (%) 1 (8%) 3 (23%) 6 (23%) 0.649
ARBs, n (%) 0 0 2 (8%) 0.490
Calcium antagonists, n (%) 0 0 1 (3.8%) 1
β-blockers 0 0 5 (19.2%) 0.065
Diuretics, n (%) 2 (15%) 3 (23%) 6 (23%) 0.911
Number of anti-hypertensive treatments

None 10 7 14 < 0.001
One treatment 3 6 4
≥ 2 treatments 0 0 8

MetS, metabolic syndrome; AHI, apnea-hypopnea index; NSAIDs, non-steroidal anti-inflammatory drugs; ACEIs, angiotensin-converting enzyme inhibitors; 
ARBs, angiotensin receptor blockers. Data are presented as n (percentage). Exact Fisher test and McNemar test were performed. *p < 0.05 between Non-
OSA-Non-MetS and Non-OSA & MetS patients. **p < 0.05 between Non-OSA-Non-MetS and OSA & MetS patients. ***p > 0.05 between Non-OSA & MetS 
and OSA & MetS patients.
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SpO2 < 90% 7% (5%-31%), and a mean and minimal night 
oxyhemoglobin saturation of 92% (90%-93%) and 73% (65%-
81%), respectively (Table 3). Although OSA patients had 
higher arousal indexes, all the groups had similar sleep effi-
ciency and sleep stage percentages. No differences between 
the groups were encountered in physical activity measured 
by the IPAQ questionnaire or sleep hours measured by the 
sleep diary (Table 3).

As regards the MetS components, there were significant 
differences in systolic and diastolic blood pressure, triglycer-
ides, HDL cholesterol, and fasting glucose. These differences 

were, as expected, mainly the result of the more favorable meta-
bolic profile of the non-OSA-non-MetS obese group (Table 4). 
Although there was a significant trend of OSA-Mets patients 
with higher triglycerides and lower HDL cholesterol levels, 
no differences were found in the post hoc analysis between 
MetS patients with and without OSA (Table 4). When glucose 
metabolism was further analyzed, no differences were found in 
fasting insulin, the HOMA index, or glycosylated hemoglobin 
(Table 4). OSA-MetS patients tended to present a pattern of 
more impaired liver enzymes, but this was only significant for 
alanine aminotransferase. Figure 1 shows the distribution of 
MetS components in the 3 groups.

All the groups presented similar serum levels of cyto-
kines (IL-6, TNF-α), adipokines (leptin, adiponectin, and 
chemerin), VEGF, and sCD40L (Table 5). No correlation was 
found between the biomarkers and any OSA variable (data 
not shown). Leptin was closely correlated with the anthropo-
metric variables (BMI [r = 0.479, p < 0.001], waist-to-hip ratio 
[r = -0.598, p < 0.001], and fat mass [r = 0.401, p = 0.004]), 
while adiponectin was correlated negatively to waist-to-hip 
ratio (r = -0.598, p < 0.001), waist (r = -0.407, p = -0.003), and 
neck circumference (r = -0.406, p < 0.003) and VEGF with fat 
mass (r = 0.3, p = 0.021).

DISCUSSION

The present study is the first to explore the effect of OSA 
on the many known mechanistic pathways that may contribute 
to MetS in a non-selected morbidly obese population. In this 
extremely obese population with established MetS, the presence 

Table 3—Patients’ sleep characteristics: matched 1:1and 1:2 by waist circumference, age and sex
Non-OSA & Non-MetS 

(AHI < 15)
N = 13

Non-OSA & MetS 
(AHI < 15)

N = 13

OSA & MetS
(AHI > 15)

N = 26

p value 
between 
groups

IPAQ (METs) 2,241 (631-5063)
(n = 12)

1,935 (707-4013) 2,142 (537-3462)
(n = 25)

0.928

Sleep hours by sleep diary 7.5 (4.1-8.5)
(n = 11)

7.5 (5.3-7.7) 8 (6.3-9)
(n = 25)

0.216

Epworth Sleepiness Score 6 (3-10) 5 (3.5-8.5) 7.5 (3.8-11.5) 0.643
AHI (events/hour) 11.5 (9-14)** 13.3 (8-14)*** 47.1 (32-66) < 0.001
Time spent < 90% of TST (%) 0.1 (0-1)** 0.1 (0-1)*** 7.0 (5-31) < 0.001
Sleep efficiency (%) 76.3 (72-86) 79.4 (73-87) 84.4 (76-88) 0.440
Phase I sleep (%) 6.6(5-9) 7.3 (4-11) 5.8 (3-13) 0.916
Phase II sleep (%) 51.6 (48-58) 63.8 (51-76) 54.8 (49-63) 0.107
Slow wave sleep, (%) 28.1 (18-31) 21,6 (9-29) 18.7 (14-25) 0.252
REM sleep (%) 14.5 (12-18) 14.5 (8-18) 15.7 (13-17) 0.635
Arousal Index (arousals/hour) 11.2 (9-15)** 11.0 (7-16)*** 30.2 (20-47) < 0.001
Mean night oxyhaemoglobin
saturation (%)

95 (94-97)** 94 (94-96)***
(n = 12)

92 (90-93) < 0.001

Minimal night oxyhaemoglobin
saturation (%)

87 (86-90)** 88 (84-90)*** 73 (65-81) < 0.001

ODI 4% (dip/hour) 3 (2-5)** 4 (3-7)*** 28 (17-51)
(n = 25)

< 0.001

MetS, metabolic syndrome; AHI, apnea-hypopnea index; IPAQ, International Physical Activity Questionnaire; METs, metabolic equivalent tasks; TST, total 
sleep time; REM, rapid eye movement; ODI, oxyhaemoglobin desaturation (dip) index. Data are presented as median (interquartile range) for continuous 
data. Kruscal-Wallis with Bonferroni PostHoc test was performed. *p < 0.05 between Non-OSA-Non-MetS and Non-OSA & MetS patients. **p < 0.05 between 
Non-OSA-Non-MetS and OSA & MetS patients. ***p > 0.05 between Non-OSA & MetS and OSA & MetS patients.

Central
Obesity

Hypertension Hyperglicemia Hypo-HDL Hyper-TG

100

80

60

40

20

0

%

Metabolic Syndrome ATP-III modified criteria

Non OSA-Non MetS Non OSA-MetS OSA-MetS

Figure 1—Distribution of metabolic syndrome components 
between the three groups.
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of OSA did not produce any differences in serum cytokines 
(IL-6, TNF-α), adipokines (leptin, adiponectin and chemerin), or 
VEGF and sCD40L levels, as no difference was found between 
OSA and non-OSA patients with MetS matched by central 
obesity. Morbidly obese patients without both established MetS 
and OSA already have a similar biomarker-altered profile.

The relationship between OSA and MetS or some of its 
components has been established, mainly through cohorts 
referred by sleep units with concomitant mild-to-moderate 
obesity.3 The major limitation of these studies is the control of 
obesity itself, as this is the main confounding factor and is often 

adjusted by multivariate analysis. To address this issue, Barceló 
et al. excluded patients with obesity and matched a sleep unit-
referred cohort by BMI; OSA patients showed higher levels of 
free fatty acids, CRP, and oxidative stress markers.11 Trombetta 
et al. matched MetS patients by BMI with and without OSA; 
they demonstrated that in this high-risk cardiovascular popula-
tion with moderate obesity, OSA was associated with greater 
sympathetic drive.12 Moreover, there have been few case-
control studies that matched patients by central adiposity to 
study the effect of OSA on the different components of MetS13 
and the different biomarkers14 related to both conditions. It is 

Table 5—Biological markers: matched 1:1 and 1:2 by waist circumference, age and sex.
Non-OSA & Non-MetS 

(AHI < 15)
N = 13

Non-OSA & MetS
(AHI < 15)

N = 13

OSA & MetS
(AHI > 15)

N = 26

p value 
between 
groups

IL-6 (pg/ml) 1.5 (0.3-3.5) 1.0 (0.2-2.6) 1.6 (0.5-3.2) 0.784
TNF-α (pg/ml) 9.1 (7.5-11.5) 9.7 (6.8-13.6) 9.8 (8.0-12.3) 0.889
Leptin (ng/ml) 43.7 (37.1-58.3) 46.7 (34.2- 68.1) 46.0 (29.9-74.5) 0.956
Adiponectin (µg/ml) 17.22 (16.1-18.8) 20.11 (14.6-24.1) 17.1(11.7-20.7) 0.508
Chemerin (ng/ml) 73.2 (62.0-98.4) 73.0 (57.4-90.1) 73.1(55.9-98.4) 0.947
VGEF (pg/ml) 290 (117-375) 456 (359-759) 287 (146-547) 0.121
sCD40L (ng/ml) 4.0 (2.2-5.4) 5.0 (3.2-5.3) 4.3(3.0-6.2) 0.693

MetS, metabolic syndrome; AHI, apnea-hypopnea index; IL-6, interleukin 6; TNF-α, tumor necrosis factor α; VEGF, vascular endothelial growth factor; 
sCD40L, soluble CD40 ligand. Data are presented as median (Interquartile range) for continuous data. Kruscal-Wallis with Bonferroni PostHoc was performed. 
*p < 0.05 between Non-OSA-Non-Mets and Non-OSA & MetS patients. **p < 0.05 between Non-OSA-Non-Mets and OSA & MetS patients. ***p > 0.05 
between Non-OSA & MetS and OSA & MetS patients.

Table 4—Patients’ metabolic characteristics: matched 1:1and 1:2 by waist circumference, age and sex.
Non-OSA & Non-MetS 

(AHI < 15)
N = 13

Non-OSA & MetS
(AHI < 15)

N = 13

OSA & MetS
(AHI > 15)

N = 26

p value
between
groups

Median systolic blood pressure (mmHg) 120 (117-126)** 145 (129-152)* 140 (132-151) 0.002
Median diastolic blood pressure (mmHg) 80 (70-82)** 92 (83-100)* 90 (85-98) 0.001
Triglycerides (mmol/l) 1,00 (0.80-1.15)** 1.10 (0.85-1.97) 1.40 (1.00-1.93) 0.041
Total cholesterol (mmol/l) 4.95 (4.32-5.38) 5.16 (4.73-5.40) 4.72 (4.31-5.32) 0.493
HDL-cholesterol (mmol/l) 1.34 (1.17-1.52)** 1.23 (0.89-1.53) 0.99 (0.86-1.22) 0.007
LDL-cholesterol (mmol/l) 1.34 (1.17-1.57) 1.23 (0.89-1.72) 1.01 (0.93-1.38)

(n = 25)
0.098

VLDL-cholesterol (mmol/l) 0.35 (0.15-0.55) 0.36 (0.26-1.19) 0.55 (0.26-0.79) 0.364
Fasting glucose (mmol/l) 5.1 (4.9-5.7)** 6.2 (5.5-7.5)* 6.1 (5.6-6.6) 0.001
Fasting insulin (MU/l) 20.5 (10.5-24.6)

(n = 11)
25.8(16.1-28.7)

(n = 10)
24.4 (16.5-26.9)

(n = 19)
0.748 

HOMA (mcroU/ml/dl) 4.5 (2.9-5.2)
(n = 11)

5.1 (3.1-5.9)
(n = 10)

5.1 (3.4-5.9)
(n = 19)

0.671

Glycosylate haemoglobin (%) 5.6 (5.4-5.7) 5.6 (5.0-6.6) 5.9 (5.5-6.2) 0.959
AST (Ukat/L) 0.29 (0.24-0.33) 0.27 (0.24-0.34) 0.32 (0.26-0.41) 0.216
ALT (Ukat/L) 0.24 (0.21-0.35)** 0.29 (0.20-0.50) 0.37 (0.29-0.51) 0.024
GGT (Ukat/L) 0.28 (0.21-0.34) 0.34 (0.25-0.53) 0.43 (0.26-0.78) 0.104
AP (Ukat/L) 1.17 (0.93-1.50) 1.16 (0.90-1.40) 1.25 (1.10-1.88) 0.507
Metabolic index (n) 2 (1.5-2)** 4 (3-4)* 4 (3-4) < 0.001

MetS, metabolic syndrome; AHI, apnea-hypopnea index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL, very low-density lipoprotein 
cholesterol; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyltransferase; AP, alkaline phosphatase. Data are 
presented as median (interquartile range) for continuous data. Kruscal-Wallis with Bonferroni PostHoc was performed. *p < 0.05 between Non-OSA-Non-
Mets and Non-OSA & MetS patients. **p < 0.05 between Non-OSA-Non-Mets and OSA & MetS patients. ***p > 0.05 between Non-OSA & MetS and OSA & 
MetS patients.
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therefore important to establish whether OSA and its associated 
metabolic abnormalities are independent of central obesity.

Our study focused on an extremely obese population, 
composed mainly of premenopausal women, in which we 
previously showed an association of OSA with a worse 
metabolic profile, mainly through systolic blood pressure, 
triglycerides, and Hb1Ac, after adjusting by BMI and waist 
circumference.4 In order to explore the possible mechanistic 
pathways explaining this association, we matched MetS 
patients according to their OSA status by waist circumfer-
ence as a surrogate marker of central obesity. Patients in the 
OSA-MetS group had greater metabolic impairment than non-
OSA-Non-MetS patients. Moreover, when we compared the 
two MetS groups, as well as fulfilling MetS criteria, the MetS-
OSA group had a tendency toward higher hypertriglyceridemia, 
lower HDL-cholesterol levels, higher levels of liver transami-
nases, and greater requirements of antihypertensive treatment. 
This fact did not determine any differences in the studied 
biomarkers between OSA and non-OSA in MetS patients. In 
the study by Barceló et al., in the non-obese population only 
OSA patients without MetS had higher levels of free fatty acids, 
as no significant differences were found in biomarkers between 
OSA and non-OSA in patients with established MetS.11 Surpris-
ingly, when we reviewed the non-OSA-non-MetS patients, 
there were no differences in the biomarkers explored. Those 
patients who supposedly constituted the metabolically healthier 
group in fact presented lower blood pressure, serum triglyceri-
demia, and fasting glucose, while their HDL cholesterol was 
higher, although they already had the same biomarker profile. 
Metabolically healthy obesity is defined by a normal sensi-
tivity to insulin and a normal lipid profile, and it is related to 
lower levels of inflammation and higher adiponectin concen-
trations.15,16 While American studies have shown that 30% of 
the obese population can be considered metabolically healthy,17 
only 5% of morbidly obese patients were found to be meta-
bolically healthy.18 In our study only three non-OSA-non-MetS 
patients had obesity as the sole criterion for MetS, and they 
also presented high HOMA-R indices. We could thus speculate 
that the lack of differences in the studied biomarkers could be 
evidence of an already adverse pre-pathological status, even in 
patients without established MetS in morbid obesity. Therefore, 
in this extremely obese population, patients without OSA or 
MetS already have an altered mediator pattern; if we assume 
the previously demonstrated effect of OSA on metabolic abnor-
malities, then OSA must stimulate another specific mechanism 
to trigger MetS, independent of those activated by obesity.

Inflammation has been recognized as an intermediary mech-
anism associated with insulin impairment, MetS, and cardio-
vascular disease.19,20 Many cross-sectional, case-control, and 
non-randomized interventional studies have suggested that 
the levels of the pro-inflammatory cytokines and C-reactive 
protein are elevated in OSA patients.21,22 These results have not 
been consistent, however, as contradictory findings have been 
reported in studies by both our group and others, in which this 
association was attributed mainly to obesity.23,24 Furthermore, 
obese patients are resistant to leptin, which mainly serves to 
regulate appetite and energy expenditure. In clinical studies, 
leptin has been correlated with insulin levels and BMI, and 
it predicts the development of MetS.25,26 Leptin was the first 

adipokine associated with OSA and its levels have proved to be 
higher in OSA patients. Vogontzas et al. found, however, that 
elevated leptin levels were more closely related to visceral fat 
and other pro-inflammatory markers than to AHI.27 This could 
explain the ceiling effect in the morbidly obese population 
in our work. Our study does not reveal any new information 
about adiponectin. Hypoadiponectinemia has been postulated 
as playing a role in the development of MetS,28 as adiponectin 
regulates insulin sensitivity and has an anti-inflammatory and 
protective vascular effect. The studies of OSA to date are not 
conclusive, as some have found lower levels in OSA patients, 
but others such as ours have failed to show this down-regula-
tion.29,30 As an original contribution, we explored chemerin as a 
novel adipokine. Clinical studies have shown that patients with 
MetS have higher levels of chemerin than those without MetS 
and present an association with BMI, serum triglycerides, and 
blood pressure.31 A recent case-control study with a moderately 
obese Asian population showed that OSA patients had higher 
chemerin levels and found a weak but positive correlation with 
sleep apnea severity and WC and BMI32; in this study chemerin 
was also correlated with inflammation and hypothesized as a 
possible a link between adipose tissue, OSA, and inflamma-
tion. These results could not be confirmed in our morbidly 
obese population with high indices of insulin resistance, where 
we found that central obesity had a stronger effect than OSA.

Apart from systemic inflammation and adipokine discharge, 
the main direct consequences of obstructive apneas—intra-
thoracic pressure changes, recurrent arousal, and intermit-
tent hypoxia—also trigger an increase in sympathetic nerve 
activity, reduce baroreflex sensitivity, and cause endothelial 
dysfunction. These changes induce increased arterial stiff-
ness and arterial hypertension, leading to the development of 
atherosclerosis.33 In order to explore the latter mechanisms, we 
analyzed VEGF and sCD40 serum levels. VEGF is thought to 
promote atherogenesis through endothelial cell proliferation, 
cell migration, and increased vascular permeability.34 Previous 
clinical studies have shown higher levels of VEGF in OSA 
patients than in controls,35,36 mainly as a result of hypoxia. 
Our results were limited by the great variability in VEGF in 
the sample, which prevented us from finding any differences 
between groups. At the same time, the presence of OSA did 
not suppose any effect on sCD40L levels. sCD40L is consid-
ered a surrogate marker of arteriosclerosis, part of a mecha-
nism signalling platelet activation, and it is associated with 
increased cardiovascular risk.37 Nevertheless, we could not 
rule out a role for other known intermediate mechanisms, such 
as increased sympathetic activity (not explored in our study), 
in the link between MetS, cardiovascular morbidity, and 
OSA in morbidly obese patients. A review of the randomized 
controlled interventional trials shows that Dragger et al. found 
an improvement in early signs of the atherosclerosis markers, 
C-reactive protein, and urine catecholamines in severe OSA 
after four months of CPAP, but their patients, unlike ours were 
only overweight and were otherwise free of any comorbidity.38 
Further studies focusing on patients with milder obesity39,40 
did not observe any changes in systemic inflammation, insulin 
resistance, blood lipids, leptin, or adiponectin. Similarly, West 
et al. also failed to find any changes in C-reactive protein and 
adiponectin after CPAP treatment in a population of OSA 
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patients with established diabetes and more severe obesity.41 
Taken together, these data and our own reinforce the idea 
of the overwhelming effect of obesity and comorbidities on 
the studied markers.

Our study has a number of potential limitations that should 
to be considered. Firstly, because of the cross-sectional descrip-
tive nature of the study, it did not provide evidence of a cause-
effect relationship. Secondly, the size of the study was limited 
by the prior cohort study and the need to match patients from 
the different groups. In order to include the maximum number 
of patients we performed a 2:1 match, since OSA patients were 
much more prevalent in our population. Although the sample 
size limits the power of the study, we were unable to find any 
trend in any biomarker explored, which makes it probable that 
morbid obesity itself exerts a possible ceiling effect. Finally, as 
mentioned above, our patients, as a clinical population, were 
undergoing active hypolipemia, antihypertensive, and hypogly-
cemia treatment that could interfere with the determination of 
metabolic profiles and biomarkers and minimize the difference 
between groups.

We could not find any distinct biomarker pattern of OSA in 
a morbidly obese population, nor did the studied biomarkers 
allow us to discriminate between patients with and without MetS 
in this population. Severe central obesity thus seems to trigger 
an array of downstream effects that overwhelm those possibly 
caused by intermittent hypoxia and sleep fragmentation in the 
mediators studied in this extremely obese population. As an inde-
pendent association between metabolic abnormalities and OSA 
has been demonstrated not only in the general clinical population 
but also in high-risk cardiovascular and morbidly obese popula-
tions, we cannot rule out this being produced by other unexplored 
pathways. The absence of differences in the studied biomarkers 
between the groups does not detract from the importance of 
detecting OSA in morbidly obese patients, since it is a treatable 
condition with a great impact on health. It is therefore mandatory 
to perform further controlled studies to explore other pathways 
that could explain this relationship and enhance our under-
standing of the link between obesity, OSA, and cardiometabolic 
dysfunction, and our search for future treatment targets. 

ABBREVIATIONS

AHI, apnea-hypopnea index
BMI, body mass index
ESS, Epworth Sleepiness Scale
FBG, fasting blood glucose
HbA1c, percentage of glycosylated hemoglobin
HDL, high-density lipoprotein 
HOMA, homeostasis model assessment
IL-6, interleukin 6
LDL, low-density lipoprotein
MetS, metabolic syndrome
OSA, obstructive apnea-hypopnea syndrome
sCD40L, soluble CD40 ligand
SpO2, arterial oxygen saturation by pulse oximetry
Time SpO2 < 90%, percentage of sleep time with SpO2 

below 90%
TNF-α, tumour necrosis factor α
VEGF, vascular endothelial growth factor

VLDL, very low-density lipoprotein
WC, waist circumference
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SUPPLEMENTAL MATERIAL

Table S1—Assay characteristics
Assay 

sensitivity Intra-assay CV Inter-assay CV
IL-6  < 2 pg/mL 6.17% 7.87%
TNF-α  1.7 pg/mL 4.4% 7.53%
Leptin  < 0.2 ng/mL 5.65% 6.75%
Adiponectin  0.5 ng/mL 4.4% 5.7%
Chemerin  < 6.5 pg/mL 6.17% 8.7% 
VGEF  < 5 pg/mL 4.7% 8.1%
sCD40L  < 5 pg/mL 5.0% 6.2%

CV, coefficient of variation; IL-6, interleukin 6; TNF-α, tumor necrosis 
factor α; VEGF, vascular endothelial growth factor; sCD40L, Soluble 
CD40 ligand.


