Upper airway and systemic inflammation
in obstructive sleep apnoea
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ABSTRACT Obstructive sleep apnoea (OSA) is associated with pharyngeal inflammation, but the
coexistence of systemic inflammation is controversial. This study investigated whether local and systemic
inflammatory biomarkers are related in patients with OSA. An uncontrolled extension to the study
assessed the response to effective treatment.

Werecruited 89 patients with OSA (apnoea/hypopnoeaindex (AHI) >5events-h1), 28 snorers and 26
healthy controls. Pharyngeal lavage (PHAL) and plasma samples were collected at baseline and after a
1-year follow-up. Inflammatory cells were evaluated by flow cytometry; interleukin (IL)-6, IL-8 and
tumour necrosis factor-a were evaluated by immunoassay.

In PHAL, CD4+ T-cells, IL-6 and IL-8 were higher in OSA patients than in snorers or healthy controls
(p<0.05). The AHI correlated with CD4+, IL-6 and IL-8 in PHAL (all p-values <0.05). There were no
differences in the inflammatory biomarkers in plasma between the study groups and no relationship
between plasma and PHAL biomarkers. Biomarkers decreased significantly in PHAL but not in plasma
after 1 year of therapy with continuous positive airway pressure or surgery.

In patients with OSA, increased levels of inflammatory biomarkers were found in PHAL, which were
reduced with effective treatment. No simultaneousincrease in plasma inflammatory biomarkers was f
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Introduction

Obstructive sleep apnoea (OSA) is defined by total or partial collapse of the upper airway resulting in nocturnal
hypoxaemia and arousal from sleep. Repetitive airway closure and reopening do not only lead to local
mechanical stress, but also resultin inflammation of the mucosa [1-5]. In patients with OSA, biopsies of the
upper airway tissue have demonstrated subepithelial oedema and excessive inflammatory cell infiltration [1-5].
In addition, their exhaled breath contained elevated levels of nitric oxide and other biomarkers of inflammation.
Furthermore, increased expression of systemic inflammatory biomarkers has been reported in patients with OSA
[6-10]. Since ongoing inflammatory responses play crucial roles in atherosclerosis [11, 12], these abnormalities
are probably implicated in the increased cardiovascular and cerebrovascular morbidity found in these patients
[13]. Increased levels of proinflammatory cytokines involved in the atherosclerotic process, such as interleukin
(IL)-6 and C-reactive protein (CRP), have been reported in OSA [14, 15]. These cytokines are also increased
in other conditions such as obesity [16], which can be a confounding factor in patients with OSA. On the
other hand, some studies have not shown an independent association between OSA and IL-6 and /or CRP
levels[17,18].Thus, thereis controversyabout therelationshipbetween these cytokinesand OSA.

Intermittent hypoxia increases the sympathetic response and, if combined with oxidative stress, is thought to
play an essential role in the development of chronic systemic inflammation in OSA [19-21]. Notwithstanding,
nocturnal oxygen therapy used to resolve intermittent hypoxaemia present in OSA did not result in any
changes in inflammatory cytokines [22]. As a matter of fact, the response to OSA treatment with continuous
positive airway pressure (CPAP) has been variable [15, 22]. An alternative mechanism could lead to a
systemic inflammatory response releasing inflammatory proteins and immune mediators from the upper
airway mucosa that spill over into the circulation. Given that no data are available regarding the association
between upper airway and systemic inflammation in OSA and that such information may be relevant to the
design of treatment strategies in these patients, this study was conducted to evaluate the association between
local and systemic inflammation in three groups: 1) subjects with OSA; 2) snorers; and 3) healthy controls.
Subsequently, the effect of OSA treatment on this association in these groups was assessed.

Methods

A detailed explanation of the methods used is provided in the supplementary material.

Study design, participants and ethics

This was a prospective, controlled study with a 1-year follow-up of consecutive patients referred to our
sleep clinic because of suspected OSA. Full inclusion and exclusion criteria are shown in supplementary
table S1. In brief, participants were aged 18-60years and free of any additional comorbid conditions.
Study procedures were approved by the Ethics and Clinical Research Committee of the Aragon Institute of
Health Sciences (protocol 10/231), and informed consent was obtained from each participant.

Clinical data

Demographic, anthropometric and clinical data were obtained during recruitment [23]. All participants
had a physical examination of the upper airway by an ear, nose and throat specialist supplemented by
nasopharyngolaryngoscopy and lateral cephalometric radiographs [24]. Daytime somnolence was assessed
using the Epworth Sleepiness Scale (ESS) [25].

Measurements

Sleep study

In-home unattended sleep studies were performed at baseline and after a 1-year of follow-up. Recordings
were scored manually following national guidelines [26] (see supplementary material for details).

Pharyngeal lavage

At baseline and after a 1-year follow-up, pharyngeal lavage (PHAL) samples were obtained (see supplementary
material for details). Lavage fluid was centrifuged to obtain a cell pellet for flow cytometry. The cell-free
supernatants were aliquoted and stored at -80°C for further analyses of inflammatory cytokines.

Flow cytometry

Flow cytometry analysis was used to quantify the cell count and differential immediately after obtaining
the lavage fluid and blood samples. Peripheral blood mononuclear cells and PHAL cells were stained to
determine lymphocyte subpopulations.

Inflammatory biomarkers
Fasting blood and PHAL were collected on the morning after the sleep study, between 08:00 h and
10:00h, at baseline and follow-up. Blood samples were immediately centrifuged for 20 min at 1800xg, and



plasma samples were kept at -80°C until assays were performed. The plasma concentration of CRPwas
determined by particle-enhanced immunonephelometry. Plasma and PHAL concentration of IL-6, IL-8
and TNF-a were determined by high-sensitivity ELISA (Invitrogen, Carlsbad, CA, USA).

Treatment and follow-up

The Spanish Respiratory Society guidelines for the management of OSA [26] were followed. In summary,
nasal CPAP therapy was recommended for AHI >30 events-h™! or for an AHI between 5 and 30 with
excessive daytime sleepiness (ESS >10) that interfered with daily activities. Upper airway surgery was
offered as an alternative to all patients who could not tolerate or rejected therapy with CPAP and to
participants who were not eligible for CPAP therapy according to the guidelines (supplementary table S2).
Patients who did not receive treatment with CPAP or upper airway surgery were grouped as the “usual
care” group. All participants were followed at the sleep clinic at 3, 6,9 and 12 months after the initial visit.

Statistical analyses

Data are summarised as frequencies for categorical variables and median (interquartile range) for
continuous variables. Baseline data for the groups studied were compared using Chi-squared, analysis of
variance and Kruskal-Wallis tests, as appropriate. Continuous variables of inflammatory biomarkers in
plasma and PHAL were normally distributed and log-transformed. Pearson’s correlation coefficients were
calculated adjusting for age, sex, body mass index (BMI), ESS and AHI. The difference between baseline
and 1-year follow-up of biomarkers was assessed using the Wilcoxon signed-rank test or paired t-test, as
appropriate. All analyses were repeated by separating the population into two groups according to BMI:
<30 kg'm™2 versus >30 kgm™2. Statistical analyses were performed with the STATA v.12.1 software
(College Station, TX, USA).

Results

Population characteristics

Atotal of 143 participants were included in the study (figure 1). Of these, 26 had a normal sleep study
and were non-snorers, 28 were snorers and had a normal sleep study and 89 had OSA (AHI
>5 events'h™1). The baseline characteristics for all groups are presented in table 1.

1757 referred for sleep study

1614 were excluded:
122 declined to participate
1492 met 21 exclusion criteria

143 participants included

v v

26 controls 28 snorers 89 OSA

v

138 included in the analysis after the 1-year follow-up

28 treated 37 treated with
with surgery CPAP

24 controls 49 usual care

FIGURE 1 Study flow chart. Number of participants who were screened, assigned to a study group and
included in the analyses after the 1-year follow-up according fo treatment. OSA: obstructive sleep apnoea;
CPAP: continuous positive airway pressure.



TABLE 1 Baseline characteristics of study participants

Control Snoring OSA p-value
Participants 26 28 89 N/A
Age years 44 (38-53) 42 (33-46) 44 (36-56) 0.561
Male sex n (%) 16 (61) 18 (64) 62 (69) 0.122
BMI kg:m 27.9 (25.2-31.1) 28.9 (26.9-32.1) 29.1 (27.1-33.9) 0.014
ESS 7 (4-10) 8 (3-11) 9 (6-15) 0.725
AHI events-h™? 2 (0.5-3.2) 2 (1.0-3.5) 28 (12-44) <0.001
CT90 % 0 0 (0-0.2) 8.2 (0-18.8) <0.001

Data are presented as median (interquartile range) unless otherwise stated. OSA: obstructive sleep apnoea;
N/A:not applicable; BMI: body massindex; ESS: Epworth Sleepiness Scale (range 0-24); AHI: apnoea/
hypopnoeaindex; CT90: percentage of recording time when oxygen saturation of arterial blood <90%.

PHAL and plasma analyses

Table 2 provides an overview of the cytokines analysed and the cell population from plasma and PHAL in:
1) controls; 2) snorers; 3) mild-to-moderate OSA (AHI >5 to <30 events-h1); and 4) severe OSA (AHI
>30 events-hl).

For all samples, total cell counts in PHAL ranged from 1.3x106 per mL to 22.6x106 per mL with the
majority of inflammatory cells being neutrophils (range: 96.9-99.7%), the rest lymphocytes (range: 0.2-
3.0%). Lymphocytes (in percentage leukocytes) were higher in severe OSA (median (interquartile range):
1.7 (0.9-2.9)), compared with the control (0.7 (0.3-1.4); p<0.05) and snorer group (1.0 (07-2.1); p<0.05).
T-lymphocytes accounted for the majority of lymphocytes in all groups. CD4+ was the predominant T-cell
subclass and was significantly elevated in severe OSA (59% (55-63%)) compared with both control (54%
(48-57%); p<0.001) and snorer group (55% (55-60%); p<0.095) (figure 2). In PHAL, IL-6 was higher in
patients with severe OSA (3.6 pg'mL! (2.2-6.1 pg'mL™1)) compared to the control (2.4 pg'mL™1 (1.2-
4.3pg'mL1); p<0.01) and snorer group (2.7 pgmL (1.3-4.7 pg'mL1); p<0.05). IL-8 was also higher in
severe OSA (5.1 pgmL! (3.6-7.6 pg'mL1)) than in the control (2.5 pg'mL! (1.7-4.3 pg'mL1); p<0.01)
and snorer group (2.9 pg'mL1(1.9-4.9pg'mL1); p<0.05). IL-8 was also significantly higher in moderate
OSA compared to the control group (4.2 mg'mL™! (2.7-5.2 pgmL™1) versus 2.5 pgmL™1 (1.7-
4.3 pg'mL1); p<0.5) (figure 2). In linear regression analysis, CD4+, IL-6 and IL-8 had a positive
correlation with AHI (r=0.29, p<0.01;r=0.18, p=0.04; and r=0.41, p<0.01, respectively).

The percentage of circulating lymphocyte subpopulation did not differ across groups. There was a trend for
increased inflammatory cytokines in plasma by OSA severity, but no significant differences were found
between groups (table 2). There was no significant correlation between plasma inflammatory cytokines
and AHI or percentage of recording time with an arterial oxygen saturation <90% (CT90) as a surrogate of
OSA severity.

Relationship between pharyngeal and systemic inflammation

Pearson’s correlation coefficients adjusted for age, sex, BMI, ESS and AHI between inflammatory biomarkers
measured in PHAL and plasma are presented in table 3. None of the biomarkers studied showed a
significant relationship, either for the whole cohort or when the analyses were performed separately for the
participants with or without obesity defined as BMI >30 kg'm~2 and <30 kg'm™2, respectively.

Follow-up

The 1-year follow-up was completed by 138 participants (96.5%). Five patients were excluded from the
analysis: two had OSA surgery at 3 and 6 months after initiating CPAP therapy; one had
uvulopalatopharyngoplasty at baseline and initiated CPAP 4 months later; and two patients in the control
group declined re-examination. Patient characteristics according to treatment received are shown in
supplementary table S3. The mean time of CPAP use was 5.8 h per night (range 3.2-9.3 h per night).
Individual changes in AHI are shown in supplementary figure S1.

In controls and OSA patients who did not receive treatment with CPAP or upper airway surgery (the
“usual care” group), there were no changes in the PHAL biomarkers (table 4). Patients who had CPAP
therapy or surgery showed a reduction in the PHAL inflammatory cell population. This reduction was
significant for total leukocytes (p=0.034), percentage lymphocytes (p=0.008) and percentage CD4* T-cells
(p=0.02) in the CPAP treatment group, and for percentage lymphocytes (p=0.03) and percentage CD4+
T-cells (p=0.04) in the surgery group. In PHAL samples, IL-6 was significantly reduced only in patients



TABLE 2 Baseline pharyngeal lavage and plasma inflammatory biomarkers

Control Snoring Mild-to-moderate OSA Severe OSA
Participants 26 28 42 47
Lavage
Leukocytes x104 cells mL™! 12.1 (8.1-25.5) 14.1 (8.4-28.5) 14.4 (8.9-30.1) 15.1 (9.1-35.9)
Lymphocytes % leukocytes 0.7 (0.3-1.4) 1.0 (0.7-2.1) 1.4 (0.8-2.5) 1.7 (0.9-2.9)#"
T-cells % lymphocytes 92 (89-96) 92 (90-95) 94 (91-96) 96 (93-97)*
CD4+ % T-cells 54 (48-57) 55 (49-60) 58 (54-61) 59 (55-63)1+
CD8* % T-cells 32 (27-37) 32 (26-36) 33 (29-45) 31 (25-43)
B-cells % lymphocytes 2 (1-3) 2 (0-4) 2 (1-5) 3 (2-4)
NK cells % lymphocytes 4 (2-6) 3 (1-4) 4 (2-5) 3 (1-5)
IL-6 pg-mL™ 2.4 (1.2-4.3) 2.7 (1.3-4.7) 3.2 (1.6-4.9) 3.6 (2.2-6.1)1+
IL-8 pg-mL™! 2.5(1.7-4.3) 2.9 (1.9-4.9) 4.2 (2.7-5.2)# 5.1 (3.6-7.6)1+
TNF-a pg mL™! 1.2 (0.8-2.1) 1.5 (0.9-2.7) 1.8 (1.1-3.2) 2.1 (1.7-4.2)
Plasma
Lymphocytes % leukocytes 29.8+9.7 29.148.2 29.6+6.8 30.947.3
T-cells % lymphocytes 79.8+£18.8 74.9%20.4 75.1£19.3 75.4+£18.9
CD4+ % T-cells 60.5£21.1 61.9£22.3 62.2+22.7 59.6£19.7
CD8* % T-cells 34.2+13.4 34.8£15.3 32.9+14.4 35.2£14.2
B-cells % lymphocytes 8.4£3.9 11.2£4.9 14.3£4.8 12.2£4.9
NK cells % lymphocytes 11.8£5.6 13.9£5.9 10.6%4.6 12.4£6.1
CRP mg-dL™ 0.15 (0.10-0.28) 0.12 (0.08-0.35) 0.17 (0.10-0.43) 0.19 (0.11-0.44)
IL-6 pg-mL™ 7.12 (6.61-7.90) 6.91 (6.55-7.15) 7.24 (6.65-8.26) 7.44 (6.77-8.89)
IL-8 pg-mL™! 21.3 (19.2-22.4) 22.1 (19.7-24.5) 21.6 (20.4-22.9) 22.3 (20.8-23.1)
TNF-a pg mL™ 4.35 (4.01-4.99) 4.45 (4.03-5.12) 4.54 (4.09-5.25) 4.46 (4.21-5.06)

Data are presented as median (interquartile range) or as meanzsp, unless otherwise stated. OSA: obstructive sleep apnoea; NK: natural killer;
IL: interleukin; TNF-a: tumour necrosis factor-a; CRP: C-reactive protein. #: p<0.05 compared with the confrol group; 1: p<0.05 compared with

the snoring group; *: p<0.001 compared with the control group.

treated with CPAP (p=0.008), whereas IL-8 was decreased in patients treated either with CPAP (p=0.006)
or surgery (p=0.021). In secondary analyses grouping patients according to the type of surgery performed
(nasal, pharyngeal or both) or mean hours of CPAP used (e.g. more or less than 4 h per night), the same
changes in the biomarkers analysed were found after 1year of follow-up, i.e. a reduction in local
inflammatory biomarkers in PHAL but not in plasma.

Discussion

This is the first study aimed at investigating the relationship between local (upper airway) and peripheral
(systemic) inflammation in patients with OSA. The study did not find a relationship between local
inflammatory cytokines and inflammatory cells collected in the upper airway using PHAL and plasma
from peripheral blood. Inflammatory biomarkers commonly used in OSA research were evaluated.
However, to definitively reject the spill-over hypothesis, this work would have to be performed using a
specific biomarker unique to the upper airway, or somehow specifically identified / tagged as originating in
the upper airway. These biomarkers could then be measured systemically.

The relationship between local (target organ) and systemic inflammation has been demonstrated
previously in other respiratory conditions, such as chronic obstructive pulmonary disease [27]. Such
findings prompted the “spill-over” hypothesis, which suggested the overflow of inflammatory cytokines
reaching the blood stream from a local source [28]. Systemic inflammation may also contribute to
weakening the respiratory muscles [29] and destabilising loop gain and respiratory control, thus impairing
the protective airway patency mechanisms [30].

This work is critically essential given that the investigation of inflammation present in OSA patients at the
source of airway collapse (upper airway) and its relationship to a systemic effect was performed using a
novel technique. The PHAL technique is noninvasive and evaluates the local effects of intermittent
collapse and/or snoring during repetitive cycles in OSA patients. In PHAL, an increase in inflammatory
cells in patients with OSA was found, but this was not present in simple snorers or controls. These
changes were mainly caused by activated T-cells and corroborate previous findings of lymphocytosis in
PHAL by Hauger ef al. [31], and in uvula tissue by Bovp et al. [4] in patients with OSA. However, there is
no evidence that the levels of inflammatory cells in PHAL are true surrogates of the inflammatory



*%

*k

a) 3 N b) 70~
n —~ .
[0] (%]
= 2
: ; |
3 ] 2 % T 1
- Q
2 E T
P T
|_
3 : i
B 3
j 0 T T T T 40 T T T T
Control  Snoring MM OSA SOSA Control  Snoring MM OSA S OSA
c) 84 *x d) 84 *
6 6- ’7
5 L T
S €
- T 1 © o T L
Q. Qo
& T g
:' 2_ :' 2_
0 T T T T 0 T T T T
Control ~ Snoring MM OSA SOSA Control ~ Snoring MM OSA S OSA

FIGURE 2 a) Pharyngeallavage lymphocytes (as percentage of totalleukocytes), b) CD4+ (as percentage of
T-lymphocytes), c) interleukin (IL)-6 and d) IL-8 in controls, snoring patients, and in patients with mild-
to-moderate (MM OSA) and severe obstructive sleep apnoea (S OSA). Data are presented as median and
interquartile ranges. *: p<0.05; **:p<0.01.

infiltration of tissues of the upper airway because there are no studies to date assessing both PHAL and
tissue sampling in the same individuals.

Forthefirsttime, anincrease of proinflammatory cytokines in PHAL was found, including IL-6 and IL-8,
in patients with OSA compared to healthy controls. This is in agreement with Kimorret al. [32] who
found increased expression of IL-6 and IL- 1a within the mucosa of the upper airway tissue of patients
with severe OSA. These authors also found increased expression of RANTES (regulated on activation,
normal T-cell expressed and secreted) and increased connective tissuewithin the muscle fascicles.

TABLE 3 Adjusted correlation matrix of the association between pharyngeal and plasma
biomarkers of inflammation

Pharyngeal lavage
IL-6 IL-8 TNF-a Leukocytes Lymphocytes T-cells CD4* CD8* B-cells NKcells

Plasma

CRP 0.123 0.032 0.034 0.089 0.012 0.043 0.034 0.067 0.006 0.010
IL-6 0.108 0.056 0.015 -0.082 -0.011 -0.042 -0.043-0.006 0.013
IL-8 0.101 0.056 0.012 -0.067 -0.022 -0.025 0.046 0.012 0.020
TNF-a 0.005 0.003 0.044 0.023 0.078 -0.032 0.005 0.033
Leukocytes -0.007 0.032 0.007 0.005 -0.023 0.004 0.031
Lymphocytes 0.122 0.061 0.075 0.102-0.002 0.006
T-cells 0.065 0.066 0.084-0.054 -0.077

CD4+ 0.101  0.088 0.001 0.007

CD8* 0.039 -0.077 -0.075
B-cells 0.018 -0.006
NK cells 0.106

Data represent the correlation coefficient adjusted for age, sex, body mass index, Epworth Sleepiness
Scale and apnoea/hypopnoea index. CRP: C-reactive protein; IL: interleukin; TNF-a: fumour necrosis
factor-a; NK: natural killer




TABLE 4 Baseline, 12-month and treatment effect for all inflammatory biomarkers

Control* Usual caref Surgery* CPAPS
Baseline 1 year Baseline 1 year Baseline 1 year Baseline 1 year
Lavage
Leukocytes x104 cells-mL™! 12.0 (8.0-24.2) 11.1 (8.3-22.1) 13.3 (8.1-24.5) 12.4 (8.2-23.7) 14.1 (8.9-27.4) 12.1 (8.2-21.3) 15.9 (9.9-32.1)  12.4 (8.1-27.2)*
Lymphocytes % leukocytes 0.6 (0-1.3) 0.6 (0-1.20) 1.1 (0.8-2.7) 1.2 (0.9-3.0) 1.5 (0.8-3.1) 1.1 (0.7-2.3)* 1.9 (1.0-3.9) 1.1 (0.8-3.0)**
T-cells % lymphocytes 91 (88-96) 92 (89-96) 93 (91-95) 94 (90-95) 94 (92-97) 92 (91-95)* 96 (93-98) 92 (90-95)**
CD4* % T-cells 54 (47-56) 53 (46-56) 55 (50-62) 56 (49-60) 59 (55-64) 54 (50-61) 60 (55-67) 56 (51-62)*
CD8* % T-cells 31 (24-35) 32 (25-37) 33 (27-38) 34 (29-39) 31 (25-36) 34 (30-38) 30 (22-39) 33 (25-38)
B-cells % lymphocytes 3 (1-4) 3 (1-4) 2 (0-4) 2 (1-4) 2 (1-3) 3 (1-4) 2 (0-4) 3 (1-5)
NK cells % lymphocytes 4 (2-6) 3 (1-5) 3(1-5) 4 (2-6) 2 (2-5) 3(1-5) 2 (0-5) 3 (1-5)
IL-6 pg-mL™! 2.4 (1.2-4.3) 2.1 (1.1-4.1) 2.2 (1.3-4.7) 2.4 (1.1-4.3) 3.1 (1.3-4.2) 2.6 (0.7-3.2) 3.9 (2.8-6.9) 2.4 (1.4-3.9)*
IL-8 pg -mL™ 2.5 (1.7-4.3) 2.6 (1.9-3.9) 2.3 (1.4-4.2) 2.5(1.1-4.9) 3.9 (1.9-4.1) 2.6 (1.2-3.7)* 5.9 (2.8-7.9) 3.9 (2.0-5.2)**
TNF-a pg mL™! 1.4 (0.9-2.3) 1.6 (0.9-2.3) 1.4 (0.8-2.5) 1.5 (0.9-2.6) 1.9 (1.3-3.7) 1.7 (1.0-2.6) 2.8 (1.9-4.8) 2.2 (1.5-3.9)
Plasma
Lymphocytes % leukocytes 29.4%9 .4 29.9+9.9 29.8+8.9 30.249.1 29.148.1 28.3+8.8 30.1+8.3 29.1+7.8
T-cells % lymphocytes 78.7£18.1 77.3£19.2 75.7£21.5 76.2£20.6 77.8+£19.9 75.6£18.7 77.4%22.9 75.8£18.9
CD4* % T-cells 60.74£22.4 61.5£21.9 61.14£21.4 61.9422.1 61.9+21.3 61.8£22.0 62.9£18.9 60.8+20.8
CD8* % T-cells 34.4£13.2 34.5£12.9 34.1£16.3 33.9+18.7 32.1£14.4 33.0£15.2 32.8+15.2 33.3+13.2
B-cells % lymphocytes 8.7£3.2 8.812.9 10.25.1 9.8+3.8 12.1+3.5 11.324.1 12.945.2 13.816.7
CRP mg-dL™ 0.17 (0.12-0.28) 0.18 (0.11-0.25)  0.15(0.09-0.31)  0.13 (0.07-0.25) 0.23 (0.11-0.53) 0.18 (0.12-0.35) 0.20 (0.11-0.54) 0.21 (0.12-0.24)
IL-6 pg-mL™! 7.02 (6.72-7.46) 6.67 (5.23-6.76) 6.33 (6.79-8.05) 6.18 (5.38-8.48) 7.35 (6.99-8.34) 6.79 (5.07-6.54) 6.87 (6.74-7.25) 5.92 (5.13-6.11)
IL-8 pg -mL™ 21.1 (19.7-21.9) 23.4(22.8-24.0) 21.9 (20.8-23.1)  23.1 (20.9-24.3) 21.6 (19.4-23.3) 18.9 (18.1-23.4) 22.9 (21.9-24.1) 24.5(23.0-25.1)
TNF-a pg ' mL™ 4.36 (4.01-4.82) 4.36 (3.95-4.76)  4.38 (4.02-5.20)  4.50 (4.17-4.67) 4.64 (4.05-5.09) 4.32 (4.28-4.49) 4.91 (4.26-5.32) 4.37 (4.19-4.62)

Data are presented as median (interquartile range) or meantsp. #: n=24. 1: n=49. +: n=28. §: n=37. *: p<0.05; **: p<0.01, for comparison with baseline. CPAP: continuous positive airway
pressure; NK: natural killer; IL: interleukin; TNF-a: fumour necrosis factor-a; CRP: C-reactive protein.
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The final result of these histological changes is a more collapsible and dysfunctional upper airway in OSA.
Although tissue samples were not available for the cohort in this study, the reduction of both
inflammatory cytokines and inflammatory cells found in PHAL after treatment suggests that CPAP or
upper airway surgery in OSA may impact tissue inflammatory response and perhaps reverse the
histological changes of the upper airway that can be observed in OSA. These changes may partly explain
the increase in the cross-sectional area of the pharynx after treatment with CPAP [32] and /or upper
airway surgery [33, 34]. This study cannot explain why PHAL inflammation decreases with surgery or
CPAP, especially taking into account the different baseline AHI of both groups. It is possible that snoring,
which was eliminated with both techniques, can play a role inimproving the inflammatory status of the
pharyngeal mucosa. Further studies with snorers without OSA might clarify this issue.

Upper airway surgery or CPAP treatment had no effect on inflammatory biomarkers in plasma after a
12-month follow-up. Kamoka et al. [35] studied the effect of upper airway surgery on circulating
inflammatory biomarkers in OSA. They found a reduction in plasma levels of TNF-a after 1week of
surgical treatment. However, their sample was small and there were no data on concomitant comorbidities.
In our study, the cohort included patients stratified by OSA severity without any concomitant
comorbidity, including morbid obesity. Similarly, changes in peripheral inflammatory cytokines after
1 year of adequate treatment with CPAP were not found (supplementary figure S1).

Today, the debate continues about the association of OSA with persistent systemic inflammation. In fact,
baseline values of the most common biomarkers used to study the effect of CPAP on plasma inflammation
vary widely (supplementary table S4). These differences could be explained by the selection of patients
(e.¢. differences in sex, age and BMI), techniques used toidentify the biomarkers and the timing of blood
sampling. This study was not designed to evaluate the effect of CPAP on circulatory biomarkers; however,
baseline inflammatory circulating biomarkers were found to be comparable with recent randomised
controlled trials and in agreement with these results [36, 37]. KonLer et al. [37] showed no improvement
in inflammatory biomarkers in the blood of patients with OSA after 1 month of CPAP treatment and
Cuirmvos et al. [38] found no effect of CPAP treatment on CRP levels over 24 weeks in patients with
moderate-to-severe OSA. Nevertheless, the lack of changes in systemic inflammation were accompanied by
improvement in endothelial function and a fall in systolic blood pressure [38, 39]. Finally, in the
Multicentre Obstructive Sleep Apnoea Interventional Cardiovascular (MOSAIC) study, a trial designed to
compare CPAP therapy with no CPAP in minimally symptomatic OSA, Strapuing ef al. [40] did not find
changes in IL-6, IL-10, CRP and TNF-a.

This study has limitations. First, this was not a randomised trial and the results should be considered as
hypothesis-generating only. However, relatively well-matched groups of patients were studied and provided
data on thel-year follow-up of OSA treatment effects. Sleep studies were also performed in all patients, so
that the effect of treatment could be evaluated and related to the change in the AHI. Also, given the
inherent heterogeneous nature of these patients and their substantial clinical variability on presentation,
this sample may not be perfectly representative of the general population. Finally, besides studying many
inflammatory cytokines, this study did not assess other biomarkers that have been found to be elevated in
OSA [41] and could be implicated in local and systemic inflammatory responses or some potential
mechanisms, such as oxidative stress or endothelial dysfunction. Therefore, further studies seem warranted.

Conclusions

This study demonstrated a reduction in certain biomarkers of inflammation found in PHAL after
long-term treatment with CPAP and/or upper airway surgery in patients with moderate-to-severe OSA.
Further proof of this association warrants data from randomised studies. Regulators of pharyngeal
inflammation ( proinflammatory and anti-inflammatory) also deserve further study that can be pursued
with this proposed model. Finally, this work sets the stage for novel mechanistic studies using a minimally
invasive technique, PHAL. Results from such studies could potentially be targeted by new drug
development or other treatment modalities.
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