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Abstract
Purpose The relationship between obstructive sleep apnea
(OSA) and atherosclerosis-related inflammation has been
poorly investigated, particularly focusing on functional
responses of immune cells playing a key role in atherogenesis
and in comparison with control groups with similar cardio-
vascular risk factors which are known to be themselves
associated with inflammation.We sought to determine cellular
tumor necrosis factor-alpha (TNF-α) production from
peripheral blood mononuclear cells (PBMCs) and interleukin
(IL)-8 release from neutrophils (PMNs) in patients studied for
suspected OSA.
Methods Thirty-six consecutive patients who underwent a
nocturnal complete cardiorespiratory evaluation for suspected
OSA were initially evaluated. Serum, PBMCs, and PMNs
were isolated (at baseline and after 12 weeks) from patients
with apnea–ipopnea index (AHI) >20 (OSA group, n=16)
and from control patients with AHI <5 (nonOSA group,
n=11). All patients continued the same pharmacological
therapy for 12 weeks; the OSA group was additionally
treated with nocturnal continuous positive-airway-pressure
ventilation (cPAP).

Results The two groups had similar clinical characteristics
(prevalence of hypertension, dyslipidemia, diabetes, and
cardio-metabolic therapies) except for obesity. Resting and
stimulated TNF-α production from PBMCs and IL-8 release
from PMNs were similar in the two groups. Serum
cytokines resulted within the normal range. In the OSA
group, cPAP was not associated with changes in cellular
responses.
Conclusions In patients showing similar prevalence of major
cardiovascular risk factors and cardio-metabolic therapies,
differing for the presence or absence of OSA, cytokine
productions from PBMC and PMN were similar and were
not modified during cPAP therapy. Studies designed to
investigate OSA-associated inflammation should carefully
match the control group subjects.

Keywords Obstructive sleep apnea . Peripheral blood
mononuclear cells . Polymorphonuclear leukocytes .

Tumor necrosis factor-α . Interleukin-8 .

Continuous positive airway pressure ventilation

Introduction

Obstructive sleep apnea (OSA) is a clinical condition
associated with increased cardiovascular morbidity and
mortality [1, 2]. Some of OSA risk factors such as obesity,
dyslipidemia, insulin resistance, impaired glucose tolerance,
hypertension, hypercoagulability state, and male sex are
well-known cardiovascular risk factors (CRF) too [2–5]. The
increased prevalence of arterial hypertension observed in
OSA patients has been related to various pathophysiological
processes among which increased sympathetic drive and
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endothelial dysfunction are key elements [6]. Since most of
the characteristic risk factors of metabolic syndrome are seen
in OSA patients, not surprisingly, these subjects are prone to
a nine time-increased probability to develop this pathological
condition [7].

Continuous positive airway pressure ventilation (cPAP)
therapy is known to be the gold standard treatment for
OSA, able to improve symptoms and reduce cardiovascular
mortality and morbidity [8]. Moreover, beside cPAP
therapy, various treatments aimed at interfering with CRF
are often used in patients with OSA.

Vascular inflammation and production of inflammatory
mediators are well-studied pathways underlying atherosclerosis
[9] and vascular lesion may result from an imbalance
between pro-inflammatory and anti-inflammatory responses.
In particular, tumor necrosis factor-α (TNF-α), one key
cytokine of type 1 CD4+ T-helper cells, is known to be
highly pro-inflammatory and to exacerbate the atherosclerotic
disease [10]. The polymorphonuclear leukocytes (PMNs) are
the first cellular type involved in early stages of vascular
atheromata and interleukin (IL)-8, the major pro-inflammatory
cytokine released by these cells, is well established as a
proatherogenic factor, being able to attract PMNs, to activate
monocytes and to direct their recruitment towards vascular
lesions [11, 12].

A pro-inflammatory state has been proposed as one of
the pathophysiological components of OSA associated with
hypoxemia and sleep deprivation [13], and although a few
published data reported a relationship between OSA and
inflammation, both the evaluation at a cellular level of
cytokine production and the comparison between OSA and
nonOSA patients similarly burdened by CRF has been
poorly investigated. Moreover, anti-hypertensive and/or
metabolic therapies are associated with modulation of
systemic and cellular parameters of inflammation [14–24].
For the presence of those potential confounding factors
(i.e. CRF and therapies), the relationship between OSA and
inflammation is doubtful and the association between OSA
and inflammation could have been magnified by the
concomitant presence of CRF in OSA subjects in previous
reports. Therefore, we sought to assess the cytokine
production from cells playing a key role in atherogenesis
such as peripheral blood mononuclear cells (PBMCs;
TNF-α production) and PMNs (IL-8 release) in patients
undergoing a cardiorespiratory examination for suspected
OSA, thus comparing a control group derived from the
same population of patients as OSA subjects and differing
for the absence of the sleep disorder. Serum levels of
TNF-α and IL-8 were also analyzed. As a secondary
endpoint, we investigated whether cPAP was associated
with changes in cytokine production in patients affected by
OSA.

Patients and methods

The initial patient population consisted of 36 consecutive
patients who underwent a nocturnal complete cardiorespiratory
evaluation for suspected sleep apnea. All the patients had been
evaluated at the Pneumology Division, Cuasso al Monte,
Circolo Hospital, Varese, and then studied at our Research
Center on Dyslipidemia, Department of Clinical Medicine,
University of Insubria, Varese, to be included in the study
aimed at investigating the leukocyte cytokine production
(TNF-α from circulating PBMCs and IL-8 from PMNs) and
serum levels.

As for inclusion criteria we considered patients without
ongoing infections (3 months before the study), any known
immuno-inflammatory disease such as rheumatoid arthritis,
chronic inflammatory bowel diseases, psoriasis, and
without non-steroidal anti-inflammatory drugs or steroid
therapy. The cardiorespiratory examination was performed
to evaluate apnea–hypopnea index (AHI) using Embletta
PDS (EMBLA, somnologica for EMBLA software); AHI
was calculated as the total number of episodes of apnea
(total airflow cessation for more than 10 s) and hypopnea
(reduction in airflow ≥10 s with oxygen desaturation
of ≥4%) per hour of sleep [13]. Patients showing an
AHI >20 (n=16) were included in the study and
considered OSA group whereas patients who showed an
AHI <5 were considered not affected and included in the
study as control nonOSA group (n=11). Exclusion criteria
were the finding of an intermediate (range: 5–19) AHI
value (n=7) and/or any addition of novel drugs and/or
changes in treatments during the study (n=1, added
chemotherapy) and/or the presence of infections through-
out the study (n=1, urinary infection).

All the patients underwent clinical assessment and
testing for complete standard blood examination and blood
sampling for isolation of PBMCs and PMNs from 8.00
and 9.00 am (blood sampling was evaluated for cell
isolation within 1 h—see below). The following laboratory
parameters were analyzed: total cholesterol, high-density
lipoprotein cholesterol (HDL-c), triglycerides, fasting gly-
cemia, whereas the low-density lipoprotein cholesterol
(LDL-c) was calculated according to the Fridewall
formula: LDL-c=total cholesterol−(HDL-c + triglycerides/5).
High-sensitive C-reactive protein was also measured.
The patients included in the study were studied twice: at
baseline and after 12 weeks. After the first evaluation, in OSA
group (average AHI, 39.6±19.1; average nocturnal oxygen
saturation, 90.7±7%; oxygen desaturation index, 37.3±16),
the nocturnal cPAP therapy was added to the ongoing
pharmacological treatments and subjects of nonOSA group
continued their pharmacological treatment. No change in
lifestyle was instituted, no significant change in weight was
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observed and adherence to pharmacological treatments and
cPAP compliance was verified at the second evaluation, being
compliance subjectively reported as good in all the patients. In
particular, the body mass index did not change throughout the
study in the two groups (OSA patients, 31.76±4.39 kg/m2 at
visit 1 vs. 31.71±4.44 kg/m2 at visit 2, p=0.87; nonOSA
subjects, 27.68±3.46 kg/m2 vs. 27.68±3.36 kg/m2; p=0.17).
The mean age of the overall population studied (n=36) was
58±12 years. The mean age of the OSA patients (15 males,
one female) and nonOSA subjects (seven males, four
females) did not differ (61±10 years vs. 55±14 years,
respectively, p=0.33). Table 1 shows the clinical features of
the two groups of patients. All subjects included in the study
were white Caucasians. In particular, there was a similar
prevalence in the two groups as regards hypertension (systolic
blood pressure≥140 mmHg, diastolic blood pressure≥
90 mmHg) [25], diabetes (fasting plasma glucose≥126 mg/
dl or symptoms of hyperglycemia or casual plasma glucose≥
200 mg/dl) [26], metabolic syndrome (defined as the presence
of any three of the following risk factors: waist circumference,
man>102 cm, woman>88 cm; triglycerides≥150 mg/dl;
HDL-c<40 mg/dl for men and <50 mg/dl for women; blood
pressure≥130/≥85 mmHg; fasting glucose≥110 mg/dl) [27]
whereas a greater prevalence of obesity (body mass index≥
30 kg/m2) [28] was observed in the OSA group. Moreover,
the prevalence of anti-hypertensive, hypolipemic, and anti-
diabetic therapy was similar in the two groups. In particular,
as regards anti-hypertensive treatment, six patients with OSA
and four without sleep disorder assumed a combination
treatment. Angiotensin-converting enzyme inhibitors were
assumed in seven OSA and in four nonOSA group patients,
type 1 angiotensin receptor blockers were assumed in two
patients in OSA and four in nonOSA groups, calcium-
channel blocker in two OSA subjects and in one nonOSA
patient, diuretics were used in eight patients of OSA group
and three of nonOSA patients, and beta-receptor blockers
were assumed in two OSA patients and in three nonOSA,
and alpha-receptor blockers in three patients in OSA group
and in one nonOSA patient. Statin as a hypolipemic

therapy was assumed in four subjects in OSA (in one
patient associated with polyunsatured fatty acids) and four
in nonOSA group. As regards diabetes treatment, among
patients with OSA, one assumed metformin and one
glibenclamid whereas one patient in the nonOSA group was
treated with metformin plus glibenclamid plus rosiglitazone.
Taken together, the treatments for diabetes, dyslipidemia, and
hypertension are referred to as “cardio-metabolic therapy”
throughout the text.

The work has been conducted in accordance with the
Declaration of Helsinki and all the patients gave an
informed consent to the study which was approved by the
local Ethical Committee.

Cell isolation

PBMCs

Whole blood was allowed to sediment on dextran at 37°C
for 30 min. Supernatant was recovered and PBMCs were
separated by Ficoll-Paque Plus density-gradient centrifu-
gation. A typical PBMC preparation contained about
80% lymphocytes and 16% monocytes, and cell viability
was always >99% as assessed by flow cytometric
analysis.

PMNs

Whole blood was allowed to sediment on dextran at 37°C
for 30 min. Supernatant was recovered and PMNs were
isolated by standard density-gradient centrifugation. Con-
taminating erythrocytes were eliminated by 10 min
hypotonic lysis in distilled water with added NH4Cl
8.2 g/l, KHCO3 1.0 g/l, and ethylenediamine tetraacetic
37.0 mg/l. Cells were then washed three times in NaCl
0.15 mol/l. Purity and viability of PMNs preparations
were always greater than 95% and no platelets or
erythrocytes could be detected either by light microscop-
ic examination or by flow cytometric analysis.

Categorial variables OSA group (n=16) nonOSA group (n=11) P value

Hypertension [n (%)] 9 (56.25) 9 (81.81) 0.68

Dyslipidemia [n (%)] 9 (56.25) 9 (81.81) 0.68

MetS [n (%)] 8 (50) 7 (63.64) 0.48

Diabetes [n (%)] 3 (18.75) 1 (9.09) 0.49

Obesity [n (%)] 9 (56.25) 2 (18.18) 0.04

Anti-hypertensive T [n (%)] 9 (56.25) 9 (81.81) 0.68

Hypolipemic T [n (%)] 4 (31.25) 4 (36.36) 0.52

Diabetes T [n (%)] 2 (12.5) 1 (9.09) 0.78

Cardio-metabolic T [n (%)] 9 (56.25) 9 (81.81) 0.68

Table 1 Prevalence of cardio-
metabolic diseases and related
pharmacological treatments

OSA group obstructive sleep
apnea group, nonOSA group
non-obstructive sleep apnea
group, MetS metabolic
syndrome, T Therapy
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Cytokine production from leukocyte subsets

TNF-α production from isolated PBMCs

TNF-α production by PBMCs was measured in resting and
stimulated conditions. Cells were resuspended at the
concentration of 1×107 cells/ml in RPMI culture medium
for 24 h and incubated alone or in the presence of
lypopolisaccharide (LPS; 1 μg/ml). Finally cells were
harvested and centrifuged, cells supernatant were recovered
and stored until assay at −80°C.

IL-8 production from isolated PMNs

PMNs, separated as above described, were resuspended at
the concentration of 1×107 cells/ml in RPMI culture
medium and incubated alone (resting IL-8 production) or
in the presence of 0.1 μM of N-formyl-Met-Leu-Phe
(fMLP-stimulated IL-8 production) at 37°C for 3 h. After
incubation, the cells were centrifuged (600×g, 5 min, 20°C)
and the supernatant was harvested and stored at −80°C until
assay.

Serum cytokines

Serum obtained with standard procedures from venous
blood of patients and controls were stored at −80°C until
cytokine assay (TNF-α; IL-8). The normal values for the
investigated serum cytokines are: 0 pg/ml for TNF-α and
1.2–16.7 pg/ml for IL-8, respectively.

Cytokine assay

Cytokines (TNF-α, IL-8) levels cell supernatants and
serum were quantified using a sandwich-type enzyme-
linked immunosorbent assay (ELISA kit; Amersham
Biosciences, Little Chalfont, UK). All steps were
performed at room temperature. The optical density was
determined using a spectrophotometer set to 450 nm. The

detection limit of the assay was 1 pg/ml for all the
cytokines investigated.

Statistical analysis

Descriptive statistics were computed as mean and
standard deviation for continuous variables. For skewed
distributions median and interquartile range (IQR) were
used.

The Chi square test was used to compare the prevalence of
hypertension, dyslipidemia, metabolic syndrome, diabetes,
and obesity between the two groups of OSA and nonOSA
patients and to compare the prevalence of pharmacological
treatments for CRF.

Parametric continuous variables were compared with the
Student’s t test (age, hemodynamic parameters, lipid and
metabolic profile, serum C-reactive protein, and body mass
index) between the two groups of OSA and nonOSA patients.

The Mann–Whitney U test was used for independent
variable comparison of cytokine production and the
Wilcoxon test was performed to compare data obtained at
baseline and after 12-week follow-up. Calculations were
performed using a commercial software (GraphPad Prism
version 5.00 for Windows, GraphPad Software, San Diego,
CA, USA, www.graphpad.com) and a two-sided P<0.05
was retained for statistical significance.

Results

Clinical and laboratory characteristics

Among our population undergoing a cardiorespiratory
examination for suspected OSA, the subjects with and
without OSA had similar prevalence of hypertension,
diabetes, metabolic syndrome, and cardio-metabolic therapy
(Table 1). Systolic blood pressure and heart rate were similar
between the two groups whereas diastolic blood pressure
was slightly higher in OSA patients (Table 2). A significantly

Continuous variables OSA group (n=16) nonOSA group (n=11) P value

Systolic BP (mmHg) 139.40±15.57 133.5±11.07 0.32

Diastolic BP (mmHg) 88.56±8.63 80.5±8.96 0.03

Heart rate (bpm) 71.73±8.86 70.67±8.87 0.78

Body mass index (kg/m2) 31.76±4.39 27.68±3.4 0.02

Total cholesterol (mg/dL) 194.85±34.23 225.4±42.19 0.07

HDL-c (mg/dL) 47.62±7.07 54.9±10.49 0.06

Triglycerides (mg/dL) 165.23±87.9 119.2±39.89 0.14

LDL-c (mg/dL) 114.31±25.71 146.8±35.84 0.02

Glycemia (mg/dL) 109.77±35.06 105.60±25.85 0.76

hsCRP (mg/L) 2.98±2.70 4.81±4.72 0.26

Table 2 Clinical and laboratory
characteristics of patients with
and without obstructive sleep
apnea

Means ± standard deviation

OSA group obstructive sleep
apnea group, nonOSA group
non-obstructive sleep apnea
group, BP blood pressure,
HDL-c high-density lipoprotein
cholesterol, LDL-c low-density
lipoprotein cholesterol, hsCRP
high-sensitive C-reactive protein
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higher body mass index was observed in OSA group. Total
cholesterol, HDL-c, triglycerides, and fasting glycemia were
similar in OSA and nonOSA groups; LDL-c was higher in
nonOSA group (Table 2).

Cytokine production in OSA and nonOSA groups

No difference in cytokine production was observed between
OSA and nonOSA groups. In particular, in PBMCs, the
TNF-α production was similar between groups both in resting
condition and after LPS stimulation (Fig. 1, upper panels); in
neutrophils, IL-8 release was not statistically different in
OSA and nonOSA patients either in a resting state or after
fMLP stimulus (Fig. 1, bottom panels).

Serum cytokines in OSA and nonOSA groups

As regards serum cytokines, serum levels were always
found within the normal range. Therefore we report here
a descriptive statistics: TNF-α: median (IQR): 0 pg/ml
(0–0.87) vs. 0 pg/ml (0–0); IL-8: median (IQR): 0 pg/ml
(0–0) vs. 0 pg/ml (0–0).

Longitudinal study

No change was evidenced at the second visit as regards
lifestyle. Adherence to pharmacological treatments was
verified in all the subjects and compliance towards cPAP
was reported good for all the OSA patients.

The 12-week cPAP treatment in OSA group, when added
to the pharmacological ongoing treatment, did not modify
cytokine functional responses in both PBMCs (resting and

stimulated TNF-α production) and neutrophils (resting
IL-8 and IL-8 release after stimulus; Table 3).

In the nonOSA group, the resting cellular cytokine release
from PBMCs was similar at baseline and after 12-weeks
whereas the stimulated TNF-α was increased at the follow-up
evaluation (Table 3).

The serum levels of TNF-α and IL-8 remained within
the normal range both in the OSA group and in the
nonOSA group.

Discussion

In the last few years OSA condition has been related to
novel risk factors leading to atherogenesis such as systemic
inflammation and oxidative stress [29]. Moreover, it is well
known that isolated traditional CRF and clustered high
cardiovascular risk conditions are associated with inflam-
mation both expressed as increased systemic markers and
pro-inflammatory cellular responses [19–24, 30–32].

Atherosclerosis is nowadays considered an immuno-
inflammatory pathological process, being ongoing inflam-
matory responses accelerating and exacerbating molecular
events associated with LDL-c oxidative modification
occurring within the vessel walls and different types of
cells are known to play pivotal roles trough the involve-
ment of cytokine production [9]. Most of the previous
studies investigating sleep disorders were performed using
serum levels of inflammatory markers and comparing
groups with various potential confounding factors such as
a nonhomogeneous distribution of CRF and/or pathological
conditions, including metabolic syndrome, and drug
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Fig. 1 Resting (upper left panel)
and LPS-induced (upper right
panel) TNF-α production from
PBMCs and resting (bottom
left panel) and fMLP-stimulated
(bottom right panel) IL-8 release
from PMNs isolated from OSA
patients and nonOSA control
group. Comparison between
the two groups: TNF-α: P=0.61
for resting and P=0.71 for
stimulated production; IL-8:
P=0.43 for resting and P=0.30
for stimulated production.
Horizontal line median value,
box 25th to 75th percentile,
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treatments for diabetes, hypertension, and dyslipidemia
[33–35]. Furthermore a few published studies on inflamma-
tion andOSA do not provide a satisfactorily patient description
as regards concomitant CRF and cardio-metabolic treatments
[36–38].

In our study, the cellular production of key functional
cytokines, such as TNF-α from PBMCs and IL-8 from
PMNs (baseline cellular release and stimulated production),
and their serum levels were found to be similar between
subjects presenting a OSA condition and nonOSA patients.
Moreover, although stimulated TNF-α was higher in the
controls after 3 months, in the OSA group cytokine
production did not change after cPAP therapy. All the
patients and controls were recruited after a nocturnal
cardiopulmonary examination for suspected OSA and
divided according to AHI. These enrolling criteria resulted
into two groups with similar clinical characteristics except for
a higher prevalence of obesity and body mass index in the
OSA group, together with a slight, though significant higher
diastolic blood pressure and lower LDL-c levels. No further
patient selection was used except for the exclusion of patients
with systemic diseases associated with chronic inflammation,

ongoing infections, or ongoing anti-inflammatory drug
treatments.

As regards cellular functional responses of circulating
leukocytes, to date, literature does not provide conclusive data
matching OSA and pro-inflammatory cytokine production.
Previously, only a few studies focused on cellular functional
responses of lymphocytes and monocytes in OSA, analyzing
results in selected patients, using healthy volunteers as controls
or excluding confounding co-morbidities such as diabetes,
hypertension, and ischemic heart disease [33, 39, 40]. In
monocytes, an increased TNF-α was found in severe OSA
when compared to healthy controls, obese controls, and mild
OSA patients. However, no difference in TNF-α was
observed between monocytes from healthy controls and
obese controls [41].

A positive association of both subcutaneous and visceral
fat with circulating markers of inflammation was reported
in Framingham Heart Study participants [42]. In sleep
apnoeic patients, plasma TNF-α and IL-6 were higher than
the values found in the lean control group whereas did not
differ from levels of obese controls [4]. Moreover, serum
levels of TNF-α, IL-6, and leukotriene were found similar

Table 3 Longitudinal evaluation of cytokine cellular production in patients with obstructive sleep apnea (visit 1: baseline, visit 2: after 12-weeks
of cPAP) and without obstructive sleep apnea (no changes in therapy between visit 1 and visit 2)

OSA group nonOSA group

Visit 1 Visit 2 p Visit 1 Visit 2 P value

TNF-α (pg/ml)

Resting

Median 19.29 22.89 0.59 1.07 0 0.47
IQR 0–162.40 1.82–66.95 0–35.71 0–63.92

Min 0 0 0 0

Max 1,141.00 701.80 911.60 100.40

Stimulus

Median 766.10 1,093.00 0.53 891.20 1,063.00 0.01
IQR 373.80–1,300.00 623.80–1,348.00 807.90–1,045.00 973.10–1,338.00

Min 357.60 53.63 642.40 850.40

Max 1,348.00 1,348.00 1,125.00 1,380.00

IL-8 (pg/ml)

Resting

Median 330.10 429.30 0.98 638.80 502.00 0.33
IQR 136.00–781.20 197.80–598.90 238.30–1,147.00 103.90–635.90

Min 15.71 122.30 1.38 0

Max 1,273.00 1,151.00 1,208.00 1,048.00

Stimulus

Median 594.20 864.00 0.18 915.50 582.80 0.20
IQR 465.80–984.50 526.80–1,113.00 506.30–1,126.00 114.80–1,053.00

Min 189.10 300.00 255.70 80.31

Max 1,267.00 1,272.00 1,195.00 1,154.00

OSA group obstructive sleep apnea group, nonOSA group non-obstructive sleep apnea group, IQR interquartile range, min minimum value, max
maximum value
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when OSA patients were compared with obese healthy
subjects [43].

In our patients burdened by major CRF and poly-treated,
the greater prevalence of obesity in OSA group did not result
in increased cytokine cellular production from both PBMCs
and PMNs or in increased serum levels of the investigated
cytokines. Since it has been reported that pro-inflammatory
changes in various cell types are affected by the risk profile of
the subjects [16–24] it is likely that these CRF may constitute
major confounding issues in studies associating OSA with
inflammation. Moreover, it has been reported that drugs used
in counteracting major CRF such as statins, calcium-channel
blockers, and angiotensin-converting enzyme inhibitors can
reduce the upregulated pro-inflammatory cellular responses
[16–18, 21–24].

Arterial hypertension is more prevalent in OSA patients
[3, 5]; in our study, OSA and nonOSA groups were similar
for the prevalence of hypertension. Previously, when
comparing serum cytokines, increased levels of TNF-α
and IL-6 [35] were observed in a group of OSA
hypertensive patients compared with nonOSA normotensive
subjects. Similarly, the obese apneic subjects who showed
increased plasma concentrations of IL-6 and TNF-α
compared with non-apneic lean subjects in the previously
cited study by Vgontzas and coworkers had systolic, diastolic,
and mean arterial pressure levels significantly higher [4].
Moreover, the same authors observed a significant effect of
anti-hypertensive medications in OSA patients, being the
serum levels of TNF-α and IL-6 higher in the group not
taking any drug [4].

As regards the association betweenmetabolic cardiovascular
risk factors and sleep-disordered breathing, in patients of
the Sleep Heart Health Study cohort the degree of the disorder
was related in men to total cholesterol, triglycerides, and to
low HDL-c levels [2]. In previous studies on inflammation
in OSA, since the lipid pattern and the metabolic syndrome
prevalence were seldom investigated and considered in the
analyses, another confounding factor could be the metabolic
profile. In a study reporting the prevailing activation of
T-helper 1-pattern cytokine in patients affected by OSA,
50% of individuals presented hyperlipidemia as a possible
pro-inflammatory confounding factor [35]. In our data OSA
and nonOSA control group showed similar prevalence of
diabetes and metabolic syndrome and similar values of total
cholesterol, HDL-c, and glycemia.

The similar pro-inflammatory cellular pattern found in our
study comparing the OSA and nonOSA groups seems
therefore to indicate that the contribution to inflammation
exerted by the CRF and/or the modulation by cardio-
metabolic therapy (assumed in 62.5% of our OSA patients
and in 72% of nonOSA individuals) could predominantly
affect the inflammatory response beyond the sleep disorder
itself. However, altered cellular protein expression could

pre-date cytokine production by leukocytes, since neutrophil
kappaB binding activity determined by electrophoretic
mobility shift assay was found to be increased in OSA
subjects compared with controls [44]. Moreover, impaired
endothelial function expressed by eNOS and phosphorylated
eNOS was reported in patients with OSA together with a
reduced capacity of endothelial repair, as shown by a reduced
number of circulating endothelial progenitor cells found in
OSA patients free of any other known CRF [45, 46].

A few previous studies examined the impact of cPAP
therapy on inflammatory markers with controversial results.
Reductions in serum C-reactive protein, TNF-α, IL-6, IL-8,
and markers of oxidative stress were demonstrated after
cPAP therapy in OSA [34, 40, 47]. However, in most of
the studies, the recruited OSA patients did not have
any concomitant diseases nor ongoing pharmacological
treatments. Only 10% [33] and 17% [41] of the OSA
patients who respectively showed a reduced monocyte
production of IL-6 and TNF-α when treated with cPAP had
concomitant hypertension treated with calcium channel
blockers. Phillips and colleagues [38] could demonstrate
that 7 days withdrawal of cPAP in OSA patients resulted in
an immediate return of OSA clinical condition but
interestingly it was not possible to observe a change in
measured cytokines and systemic markers of inflammation.
Recently serum inflammatory markers did not change
after 4 weeks of either therapeutic or sub-therapeutic
cPAP treatment in a comprehensive study in men with
moderate–severe OSA [48].

In our OSA patients, most of whom were treated with
cardio-metabolic therapy, cPAP was not able to modify the
cellular cytokine production by PBMCs and PMNs.
Therefore, the contribution of cPAP in treated patients
seems to be less relevant than observed in OSA subjects
presenting with milder CRF and less intensely treated.
However, our controls, who did not undergo any change in
treatment, showed increased stimulatedTNF-α after 12weeks,
possibly reflecting a progression in atherosclerosis-related
micro-inflammation. Therefore, it cannot be excluded that our
OSA patient population presenting with high prevalence of
CRF and poly-pharmacological treatment could have been
worsened during follow-up without adding cPAP to the
current drug therapy. It has to be acknowledged that we
studied a relatively small patient population which was not
randomized for cPAP to avoid a delay of ventilatory treatment
when clinically indicated and that compliance to cPAP was
verified according to subjective reports. Moreover our
findings obtained in moderate to severe OSA may not apply
to higher degrees of the sleep disorder and suggest a lack of
primary role of inflammation in OSA patients when compared
with subjects presenting with similar clinic characteristics.

In conclusion, our study indicates that distribution and
treatments of CRF act as potent confounders when the
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relationship between sleep disorders and inflammation is
focused on. Moreover, our results suggest that anti-
hypertensive and hypolypemic-metabolic treatments seem
to prevail over the potential pro-inflammatory effect of
OSA and that, in patients treated for CRF, the role of cPAP
in reducing cellular cytokine production is not a major one.

In our opinion, our study prompts the need for future
studies to take into account CRF and cardiovascular
treatments when drafting a study protocol designed to
disentangle the role of OSA in determining cytokine
imbalance and the response to cPAP in terms of modulation
of the pro-inflammatory state.
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