
INTRODUCTION: Obstructive sleep apnea (OSA) and severe obesity share a common pathophysiological phenomenon, systemic 

               

patients with severe obesity with and without OSA and the effect of OSA and severe obesity treatment: continuous positive airway 

pressure (CPAP) and bariatric surgery. 

                

study (NCT03995836), a prospective observational study of patients undergoing bariatric surgery. Patients were divided into OSA 

(Apnea-hyponea index (AHI) > 10) and non-OSA (AHI < 10). Patients with OSA were treated with CPAP for 6 months. Then, all 

patients had bariatric surgery and re-evaluated 12 months later. At each visit, blood samples were obtained for biobanking. 

Subsequently, extracellular vesicles were extracted, and then, miRNA expression was analysed. 

RESULTS: 15 patients with OSA and 9 without OSA completed the protocol. At baseline, patients with OSA showed higher miR16, 

miR126 and miR320 (p < 0.05) and lower miR223 expression (p < 0.05) than those without OSA. In patients with severe obesity and 

with no changes in any miRNA in patients without OSA. No changes were detected in any miRNA after 6 months of bariatric surgery 

in patients with or without OSA. 

CONCLUSION: Co-existance of OSA and severe obesity alters the profile of extracellular vesicle miRNAs. Bariatric surgery and 

weight loss did not reverse this effect meanwhile the treatment with CPAP in patients with severe obesity and OSA showed a 

recovery outcome in those extracellular vesicle miRNAs. Those facts remark the need for OSA screening in patients with severe 

obesity. 
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INTRODUCTION 
Severe obesity and obstructive sleep apnea (OSA) are closely 
related diseases. Obesity is considered by the World Health 
Organisation to be a pandemic that, in particular, affects first- 
world countries [1]. This pandemic is accompanied by an increase 
in the prevalence of OSA, affecting, based on a recent systematic 
review, between 10 and 38% of the general population [2]. 

Patients with OSA suffer multiple nocturnal episodes of partial 
(hypopnea) or total (apnea) obstruction of the upper airway by a 
multifactorial, i.e. anatomical, muscular and neurological, mechan- 
ism [3]. Patients with severe obesity have greater susceptibility to 
OSA due to involvement of anatomical and muscular components 

as a consequence of fat accumulation at the cervical level. Apnea 
results in hypoxaemia/hypercapnia and produces arousal, closing 
the cycle known as chronic intermittent hypoxia and releasing 
inflammatory mediators [4]. 

MicroRNAs (miRNAs) are small noncoding RNA between 21 and 
25 nucleotides that silence gene expression at the posttranscrip- 
tional level [5]. MiRNAs play a fundamental role in different cellular 
processes, such as differentiation, proliferation and apoptosis 
[6–8]. MiRNAs are released to the exterior bound to HDL 
cholesterol molecules either in free form or packaged in 
extracellular vesicles (EVs). Storage and transport in EVs protects 
miRNAs from external degradation and causes them to target 
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Fig. 1 Hypothetical relationship between chronic tissue hypoxia 
due to obesity and chronic intermittent hypoxia due to 
obstructive sleep apnea [16]. Both facts could participate in the 
modification of microRNA (miRNA) formation, maturation and 
encapsulation in EVs, which finally is translated into alterations of 

than 18 years, diagnosed with severe obesity and in bariatric 
surgical waiting list. The recruitment of patients extended from 
July 1st, 2014 to July 1st, 2016. The included patients had BMI 
greater than 40 kg/m2 without having achieved sustained weight 
loss through diet or a BMI between 35 and 40 kg/m2 with severe 
comorbidities (diabetes mellitus, dyslipidaemia, high blood 
pressure, etc.). Patients with obesity hypoventilation syndrome; 
being treated with CPAP; pregnant; diagnosed with systemic 
disease; or having suffered a cardiovascular event (heart attack, 
stroke, atrial fibrillation, etc.) in the last 6 months or a malignant 
neoplasm of any origin in the last 5 years were excluded. The 
study was approved by the Regional Institutional Review Board of 
Aragon, Spain (IRB23052014). In accordance with recommenda- 
tions from the Declaration of Human Rights, the Helsinki 
Conference patients must sign the informed consent form before 
being enroled in the study. All patients signed informed consent. 

Timeline 
Data were obtained from a total of 3 visit: initial visit, 6 months 
after the initial visit and 1 year after bariatric surgery (Supple- 
mentary Table S1). At the first and last visits, a respiratory 
polygraph was performed (Apnoea Link ResMed®. Sydney, 
Australia). We defined apnea as the absence of flow for more 
than 10 s and hypopnea as a reduction in airflow by more than 
50% for more than 10 s, accompanied by a decrease in oxygen 
levels greater than 4% [17]. The apnea-hypopnea index (AHI), 
expressed as the sum of apneas and hypopneas per hour of the 
recorded time period, was calculated. Data for the following 
variables were obtained for analysis: AHI), average oxygen 
saturation (SatO ), minimum SatO , and percentage of time with 

circulating exosomal miRNAs. 2 2 

 
selectively cells based on EVs membrane proteins [9]. EVs are a 
heterogeneous group of nanosized membranous vesicles that 
participate in the cell-to-cell communication [10]. They are 
involved in both physiological and pathological processes [11]. 

Severe obesity is characterised by hyperplasia and hypertrophy 
of adipose tissue with poor blood supply that deteriorates in the 
postprandial period [12], causing chronic hypoxia. The relationship 
between chronic hypoxia and circulating miRNA is well studied. 
The presence of OSA produces repeated episodes of intermittent 
hypoxia. Both chronic and intermittent hypoxia have been shown 
to alter the expression of miR210 [13, 14] and miR21 [15], 
respectively. 

We hypothesise that both: severe obesity and OSA, through 
respectively chronic and intermittent hypoxia, modify miRNA 
formation, maturation and their cargo on EVs, which finally alter 
the epigenetic profile of those patients (Fig. 1) [16]. Furthermore, 
we suggest that anomalies in the extracellular vesicle miRNAs that 
are inherent to the severe obesity state are modified after bariatric 
surgery and that there are changes in the exosomal load of miRNA 
secondary to the action of OSA that will be modified with 
continuous positive airway pressure (CPAP) treatment. Our 
objective, therefore, is to determine, in patients with severe 
obesity who are candidates for bariatric surgery, the differences in 
a battery of extracellular vesicle miRNAs associated with 
inflammation and cardiovascular risk between subjects with and 
without associated OSA and the changes in those miRNAs after 
treatment with CPAP and bariatric surgery. 

 
METHODOLOGY 
Patients were recruited and selected from the Epigenetics 
Modification In Morbid Obesity and Obstructive Sleep Apnoea 
(EPIMOOSA) study (ClinicalTrials.gov identifier: NCT03995836) [16]. 
EPIMOOSA is an observational study of a cohort of patients with 
severe obesity who were candidates for bariatric surgery in a 
second-level hospital. All patients included in the study were older 

a SatO2 below 90% (CT90). At each visit, a blood sample was 
obtained for biobanking, and for the first and last visits, an arterial 
blood gas test was performed. 

Patients who had an AHI above 10 events/h were diagnosed 
with OSA, and based on the clinical practice guidelines for the 
management of OSA of the Spanish Society of Respiratory System 
Pathology (Sociedad Española de Patología del Aparato Respir- 
atorio—SEPAR) [17], treatment with CPAP was started. For those 
without OSA, no intervention was performed. At 3 months, CPAP 
pressure was titrated using an auto-CPAP (Autoset T; ResMed ®, 
Sydney, Australia). 

Extracellular vesicle isolation and miRNA expression 
Whole blood samples were drawn using a 21G butterfly needle 
into EDTA BD Vacutainer blood collection tubes and were then 
centrifuged at 3000 × g at 4 °C for 15 min. Plasma obtained at each 
visit were frozen at −80 °C. EVs from frozen plasma were analysed 
based on the protocol published by our research group [18]. Once 
the plasma was thawed, a miRCURY Exosome Isolation Kit (Qiagen. 
Hilden, Germany) was used to isolate EVs. Then, RNA was 
extracted from the EVs using miRCURY RNA Exosome Isolation 
Kit (Qiagen. Hilden, Germany). RNA analysis was performed using 
quantitative RT-qPCR. RNA was reverse transcribed using a 
miRCURY LNA Universal RT microRNA RT-qPCR Kit (Qiagen. Hilden, 
Germany) and the miRCURY assay (Qiagen. Hilden, Germany) for 
each miRNA described in Table S2. RT-qPCR was used to quantify 
the miRNA following the specifications of the manufacturer cited 
above. Cycle threshold (Ct) values, the minimum number of RT- 
qPCR cycles necessary for a quantifiable signal to be produced, 
were acquired and processed using the ΔΔCt method described 
by Livak and Schmittgen in 2001 [19]. Finally, based on the 
mathematical development proposed by Livak, the final value was 
obtained after exponential transformation of ΔΔCt, 2−ΔΔCt. This 
value expressed the results as a fold change (FC). The set of 
miRNAs described in the Supplementary Table 2 was selected 
based on the previous work of our group that described their 
stability along time in healthy subjects and by the relationship of 
those  miRNAs  with  cardiovascular  outcomes  such  as 
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atherosclerosis that are commonly associated with severe obesity 
and OSA. 

Statistical analysis 
Descriptive data of the sample are expressed as the mean ± 
standard deviation when the variables are continuous. For the 
qualitative variables, frequency distributions were obtained. After 
assessment of normality distribution, the results obtained for 
patients with/without OSA were analysed using nonparametric 
statistics: Mann–Whitney U for intergroup comparisons and the 
Kruskal–Wallis H test for intragroup evolution throughout the 
visits. The statistical packages SPSS 20.0 (IBM) and GraphPad Prism 
8 (GraphPad Software) were used for graphical expression. 

 
RESULTS 
Subjects characteristics 
Figure 2 shows the flowchart of the patients recruited for the 
study. First, 124 patients were selected from the surgical waiting 
list. After applying the exclusion criteria, that number was reduced 
to 70, and, finally, 24 patients (15 OSA and 9 non-OSA) completed 
all study visits. The differences between patients with and without 
OSA were compared both in the group that only attended the 
initial visit (n = 70) and those who finished the study (n = 24) was 
described Table 1. In both groups, patients with and without OSA 
were morphologically similar, i.e. no difference in BMI, but the 
former had a greater neck circumference (mean and standard 
deviation: 44 ± 3.7 vs. 40 ± 3, p < 0.001) and included a higher 
percentage of men (53% vs. 15%, p < 0.001). Patients with OSA 
were older (48 ± 8 years versus 40.5 ± 8 years, p < 0.001) and 
showed a higher prevalence of comorbidities. For the group of 
patients who completed the study, those in the OSA group were, 
on average, older (49 ± 9 years versus 42.5 ± 8 years), but the 
difference was not statistically significant. Same happened with 
abdominal circumference and systolic blood pressure (SBP), with 
higher values for both variables in the OSA group (abdominal 
circumference:  128 ± 13 cm  versus  118 ± 15 cm;  SBP: 
135 ± 13 mmHg vs. 129 ± 10 mmHg). 

 
Effect of OSA in extracellular vesicles miRNAs in patients with 
severe obesity 
We evaluated a set of extracellular vesicles miRNAs (Supplemen- 
tary Table S2) in the patients that completed the study (n = 24). At 
baseline, as shown Fig. 3, four miRNAs displayed significant 
changes between the group of severe obesity with and without 
OSA. Three of them, miR16, miR126 and miR320, were increased in 
patients with both conditions (FCmiR16 = 2.06; FCmiR126 = 1.8; 

 

Fig. 2 Flowchart. SWL Surgical Waiting List. IC Inform consent. OSA 
Obstructive Sleep Apnea. 

FCmiR320 = 2.1; p < 0.05 for all) while miR223 was significantly 
lower in this group of patients (FCmiR223 = 0.60; p < 0.05). When 
adjusting by sex, we also found that miR16, miR126 and miR320 
were overexpressed in women (Table S3). We also evaluated the 
effect of age differences between groups but we did not find any 
correlation between miRNA expression and age (Table S4). 

Changes in extracellular vesicles miRNAs after CPAP and 
bariatric surgery 
After the cross sectional analyses of the extracellular vesicles 
miRNAs at baseline, we evaluated the effect of therapies for OSA 
and along time. Five of the miRNAs analysed showed significant 
changes in patients with severe obesity and OSA after 6 months of 
treatment with CPAP while no changes were observed in patients 
with severe obesity. As it is shown in Fig. 4, miR16 (p < 0.001), 
miR21 (p < 0.01), miR126 (p < 0.001), miR146 (p < 0.05) and miR320 
(p < 0.001) were significantly reduced after CPAP therapy. As result 
of this, the differences observed between severe obesity with and 
without OSA at baseline disappeared for EVs miR16, miR126 and 
miR320. 

In the third visit, after 12 month from surgery, no change was 
displayed in the group of patients with severe obesity. Patients 
with both conditions showed after bariatric surgery a significant 
increase for miR146 respect to visit after 6 months (p < 0.01). 
Bariatric surgery recover the values of baseline for this miRNA and 
that were reduced after 6 months of CPAP therapy (p < 0.05) 
showing no change respect baseline although CPAP treatment 
continues after bariatric surgery. On the other hand, changes 
respect to baseline for EVs miR16 (p < 0.001), miR126 (p < 0.001), 
and miR320 (p < 0.01) remain similarly to those produced after 
CPAP. Finally, EV miR223, which showed lower expression in 
patients with severe obesity and OSA at the initial visit, was 
unchanged at the follow-up visits as consequence of CPAP or 
bariatric surgery. 

 
DISCUSSION 
In this work, we present novel results that show differences, at the 
epigenetic level, between patients with severe obesity with and 
without OSA, suggesting the importance of diagnosing this 
pathology with high prevalence in this type of subject. In addition, 
we evaluated the impact that different treatments have on the 
expression of a battery of extracellular vesicles miRNAs related to 
atherosclerosis, with a major effect of CPAP rather than bariatric 
surgery. 

OSA prevalence in our sample was close to 60%, and although it 
is within the range described in the literature, it below the value 
reported [20–24]. In this sample, patients with severe obesity and 
OSA suffer a greater number of comorbidities than severe obesity 
without OSA, similar to other studies with lean patients with/ 
without OSA [25]. Though all participants were people with severe 
obesity, the overlap of severe obesity and OSA exhibited higher 
neck and abdominal circumference, comparable to lean patients 
with OSA [26]. 

Both in our study and in the publications of patients pending 
bariatric surgery, the majority are women [27]. In lean patients, 
female sex has been associated with a lower risk of OSA 
[20, 28, 29]. However, in women with severe obesity, OSA 
prevalence could be as high as 86% [24], even though it doesn´t 
mean the same risk among both sex [30]. Age is higher in patients 
with OSA. The lower prevalence of OSA in our sample is not due to 
the number, women included, or age. We put these differences 
down to the inclusion and exclusion criteria, which implied the 
selection of patients who had never undergone a sleep study or 
CPAP treatment. 

We described significant differences in miR16, miR126, miR223 
and miR320 expression between patients with severe obesity with 
or without OSA at baseline. EV miR223 was lower in patients with 
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Table 1. Description of the sample. 
 

Variable All patients enrrolled  Completed the study 

Without OSA With OSA Without OSA With OSA 

n 34 36 9 15 

Sex [female; n (%)] 29 (85.3) 17 (47.2)*** 8 (88.9) 6 (40)* 

Age (years) 40.5 ± 7.9 47.9 ± 8.2*** 42.4 ± 7.9 49.6 ± 9 

Weight (kg) 113.4 ± 13.8 121.1 ± 16.4* 116.3 ± 13.2 117 ± 13.1 

BMI (kg/m2) 41.6 ± 3.8 43 ± 4.8 42 ± 1.5 42 ± 3.1 

Neck circumference (cm) 40.2 ± 3.1 43.9 ± 3.7*** 40.4 ± 4.2 44.6 ± 4.1** 

Abdominal circumference (cm) 119.1 ± 10.6 129.3 ± 13.3*** 118.4 ± 14.7 127.8 ± 12.8* 

Hip circumference (cm) 134.1 ± 9.1 134.4 ± 14.1 136.1 ± 10.9 129.9 ± 10 

Waist-to-hip ratio 0.89 ± 0.09 0.96 ± 0.11** 0.87 ± 0.14 0.99 ± 0.12* 

Epworth 7.2 ± 3.5 7.9 ± 4.4 8.8 ± 4 9.2 ± 4.8 

AHI (events/hour) 3.8 ± 2.3 32.9 ± 23.6*** 4.5 ± 3 35.5 ± 21.7*** 

CT90 (%) 4 ± 7.5 33.2 ± 27.9*** 1.7 ± 1.7 30.4 ± 23.9*** 

SatO2 (%) 93.8 ± 1.2 91 ± 2.6*** 94.3 ± 1.1 91.2 ± 2.1*** 

Active smoker 5 (14.7) 10 (27.8) 4 (16) 7 (33.3) 

Ex-smoker 11 (32.4) 19 (52.8) 8 (32) 9 (42.9) 

Never smoker 18 (52.9) 7 (19.4)* 13 (52) 5 (23.8) 

High blood pressure 14 (41.2) 23 (63.9)* 6 (66.7) 10 (66.7) 

Dyslipidaemia 6 (17.6) 20 (55.6)*** 1 (11.1) 10 (66.7)** 

Diabetes mellitus 9 (26.5) 20 (55.6)** 1 (11.1) 9 (60)** 

Cardiovascular event 3 (8.8) 4 (11.1) 1 (11.1) 2 (13.3) 

Asthma 2 (5.8) 3 (8.3) 0 1 (6.7) 

Consumption of sedative drugs 8 (23.5) 7 (19.4) 1 (11.1) 2 (13.3) 

FEV1 (l) 3.19 ± 0.84 2.99 ± 0.9 3.36 ± 0.98 2.86 ± 0.75 

FEV1 (%) 100.9 ± 13.8 93.8 ± 17.4* 103.2 ± 5.4 88.5 ± 15.3** 

SBP (mmHg) 129.5 ± 13.7 140.6 ± 16.2** 129.4 ± 10 135.5 ± 13.6 

DBP (mmHg) 85.4 ± 8.4 87.9 ± 11.4 84.4 ± 8.7 90 ± 12.2 

OSA obstructive sleep apnoea, BMI body mass index, AHI apnoea-hypopnea index, CT90 percentage of time with oxygen saturation below 90%, SatO2 oxygen 
saturation, FEV1 forced expiratory volume in the first second, SBP systolic blood pressure, DBP diastolic blood pressure. 

*p < 0.05; **p < 0.01; ***p < 0.001. 

 

both conditions than those without OSA, while for the other 3 
miRNAs, expression in patients with severe obesity and OSA was 
between 1.8 and 2.1 times higher. As seen in Table 2, the vast 
majority of studies analyse a wide variety of circulating miRNAs 
from different tissues, but none of them take into account the 
comorbidity OSA in severe obesity neither the miRNAs from 
extracellular vesicles. 

The increase in miR320e in patients with severe OSA (AHI > 30) 
has been described in a case-control study in male patients with 
obesity [31]. Additionally, miR320b, together with miR126-3p, 
presents lower expression in subjects with OSA with and without 
hypertension than in healthy individuals [32]. miR16 plays an 
antiapoptotic role in tumour processes [33]. It’s in vitro over- 
expression has been studied in situations of hypoxia and 
reoxygenation in myocardial cell cultures, which increases cellular 
apoptosis [34]. In our patients with severe obesity and OSA, miR16 
was overexpressed, which could contribute to the deleterious 
effects that intermittent hypoxia has in these patients. 

The lower expression of miR223 in patients with severe obesity 
and OSA has not been described in other clinical studies. 
However, in vitro and in vivo studies that analysed the effect of 
chronic hypoxia in pulmonary artery smooth muscle cell cultures 
and in mice have shown that hypoxia triggers a decrease in 
miR223 expression, favouring the remodelling and thickening of 
pulmonary vascular smooth muscle [35]. miR223 overexpression in 

patients with severe obesity without OSA could be preferentially 
driven by an outlier, however, after applied the adequate 
statistical test, this hypothesis was negative. To support the 
decreasing effect of OSA on this miRNA, additional assays should 
be performed in the future. 

The increase in blood pressure decreases the expression of 
miR126 [36, 37]. Yang et al. examined whether the expression of 
miR126 was different in patients without obesity and OSA with 
and without hypertension [32]. The authors concluded that there 
was a decrease in the expression of circulating miR126 in patients 
with OSA and, therefore, independent of hypertension. In our 
study, patients with both conditions, severe obesity and OSA, 
exhibited higher expression than those without OSA. This finding 
is consistent with the conclusion of that work. 

Regarding miR320, in an article by Karolina et al. [38] the 
behaviour of a battery of miRNAs, was analysed in healthy 
individuals and patients with metabolic syndrome, dyslipemia, 
diabetes or hypertension. In that study, they found that miR320 
was part of the miRNA cluster related to diabetes but not to 
hypertension. In the study by Yang et al. [32] the expression of 
circulating miR320 was lower in patients with OSA without 
hypertension than in healthy controls but not in patients with 
hypertension and OSA. Thus, we propose that the results of our 
study may be due to the effect that diabetes has on the 
expression of miR320, independent of hypertension. 
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Fig. 3 Circulating EV-miRNA relative expression differences in patients with severe obesity with/without obstructive sleep apnea. SO 
severe obesity. SO + OSA severe obesity with obstructive sleep apnea. *p < 0.05; **p < 0.01; ***p < 0.001. 

 

Patients with severe obesity and OSA who were treated with 
CPAP showed a significant decrease in EV miR16, miR21, miR126 
and miR320. This modification in miRNA expression induced by 
CPAP removed the differences observed at the initial visit. The 
effect of CPAP treatment on EVs and the expression of circulating 
miRNAs has already been studied [39–43]. Data from the 
randomised control trial “Effect of CPAP treatment in the Control 
of Refractory Hypertension” (HIPARCO study) [40, 42] showed that 
significant variations were produced with 3 and 6 months of 
treatment with CPAP. Although the results from this study are 
similar, it must be taken into account that the HIPARCO study 
analysed free circulating miRNA, while ours analysed miRNAs 
contained in extracellular vesicles. On the other hand, only two 
studies analysed the effect that CPAP has on people with severe 
obesity [41, 43]. Both studies had as main objectives to analyse the 
behaviour of circulating extracellular vesicles in subjects with 
hypoventilation and obesity syndrome. The work of Bhattacharjee 
et al. [43], that was conducted with 12 patients, mostly African 
Americans, indicated that treatment with a CPAP or bi-level 
positive airway pressure (BiPAP) device modified EV miRNA 
expression, including miR16. 

After bariatric surgery, the greatest weight loss occurred, with a 
decrease of 11 kg/m2 in the sample as a whole, representing a loss 
of 25% of excess weight. Patients with OSA experienced a greater 
decrease than patients without OSA, although these differences 
were not significant. The greatest weight loss is achieved in the 
first year after bariatric surgery, and although it continues into the 
second year, weight loss should plateau over the years [44, 45]. At 
the last visit, there were significant differences in miR16, miR21, 
miR126 and miR320 expression compared to the first visit in 
patients with severe obesity and OSA. However, we cannot 
attribute these differences to weight loss because treatment with 
CPAP contributed. In case of miR146, this miRNA showed a 
behaviour that it has not previously described, showing a 
significant decrease after CPAP therapy but after weight loss with 

bariatric surgery, the expression level of this miRNA was recovered 
to those observed at baseline. 

Two works have previously analysed extracellular vesicles 
miRNAs in patients with severe obesity before and after bariatric 
surgery [46, 47]. The work by Hubal et al. [46] was carried out in 6 
African American women and analysed adipocyte-derived extra- 
cellular vesicles miRNAs and their influence on insulin resistance. 
Unlike our study, they analysed EVs derived from culture of human 
adipocytes while our study was performed in circulating plasma 
EVs. Of all the miRNAs that showed significant changes after 
bariatric surgery, miR16 and miR125 stood out. Both acted 
selectively on 37 mRNAs related to insulin signalling, but a 
significant correlation was only established between miR16 
variation and improvement in insulin resistance 1 year after 
bariatric surgery. Another study carried out by Bae et al. [47], the 
behaviour of 12 patients with nondiabetic nor hypertensive with 
severe obesity was analysed before bariatric surgery and 6 months 
later. They used a group of healthy volunteers as controls. In their 
analysis, they showed that weight loss induced by bariatric 
surgery modified the expression of EV-miRNA. Neither study 
analysed the influence of OSA on their results. Another study 
analysed the temporal evolution of circulating miRNAs in the first 
12 months after bariatric surgery [48]. Among the modified 
miRNAs were miR16, which was modified at 9 months, and miR21 
and miR320, which were modified at the last visit, coinciding with 
the greatest weight loss. Once again, the existence of OSA was not 
taken into account. In our review, the expression of multiple 
circulating miRNAs was altered by weight loss induced by bariatric 
surgery, but miR320 expression was the most frequently altered 
[48–51]. 

This study obtained interesting and previously undescribed 
results in a scarcely studied field: the influence of OSA on the 
expression of EV-miRNA in patients with severe obesity. However, 
we must highlight some limitations that could affect the 
interpretation of the results. Although the objective of including 
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Fig. 4 Evolution of circulating EV-miRNA relative expression. Positive airway pressure and bariatric surgery effect. A Severe obesity 
without obstructive sleep apnea. B Severe obesity with obstructive sleep apnea. *p < 0.05; **p < 0.01; ***p < 0.001. 
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30 patients (36 with OSA and 34 without OSA) was attained, the 
subsequent follow-up had a dropout rate greater than the 10% 
expected, especially in the group of patients with severe obesity 
without OSA. The small sample, therefore, allowed us to 
determine the direction of differences but not to establish 
accurate conclusions. We admit other limitations such as the lack 
of control lean group and the limited number of miRNA analyzed. 
Furthermore, daily medication of each patient could affect to the 
EV-miRNA cargo and therefore it is necessary to evaluate those 
relationships in studies that include a large population. 

In conclusion, our study highlights the differences in the 
expression of circulating EV-miRNAs in patients with severe 
obesity as a function of the coexistence of OSA. This allows us, 
therefore, to accept our working hypothesis that there is an 
epigenetic profile of patients with severe obesity and OSA and 
that modifications in the expression of these miRNAs observed 
after weight loss induced by bariatric surgery is actually due to 
treatment with CPAP. The results confirm and reinforce the need 
for OSA screening in patients with severe obesity. Finally, the 
results open the door for future studies, both clinical and basic 
research, to elucidate the disparity in the activity of miRNAs 
depending on whether they are transported in EVs or bind to 
proteins or lipoproteins. 

 
DATA AVAILABILITY 
The data are avalaible upon request. 
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