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Abstract Obstructive sleep apnoea syndrome (OSAS) is
associated with inXammatory processes and elevated
plasma cytokines. This study assesses the eVect of surgery
in cytokine levels of OSAS patients. A total of 24 male
patients with mild to moderate OSAS, conWrmed with poly-
somnography underwent septoplasty and uvulo-palato-pha-
ryngoplasty in a period of a year. Control group consisted
of 12 overweighted subjects and 15 obese subjects. Periph-
eral venous blood was collected from each patient 1 week
before surgical treatment and 6 months postoperatively.
Spontaneous production of tumour necrosis factor (TNF-a)
by monocytes and serum levels of IL-1� and IL-6 were
investigated. Control subjects were also examined for the
same pro-inXammatory cytokines. Production of TNF-a
and IL-6 were signiWcantly elevated in OSAS patients and
obese controls compared with overweighted control sub-
jects (p < 0.05). Serum levels of IL-1� did not diVer among
the study groups. Preoperative cytokine values were signiW-
cantly correlated with the preoperative body mass index
(BMI) and the apnoea/hypopnoea index (AHI) in OSAS
patients. Surgery resulted a signiWcant reduction in the
TNF-a and IL-6 values of the study group. Decrease in
cytokine level was strongly correlated with the AHI
decrease. The postoperative relative percentage change of
IL-6 values was signiWcantly higher than this of TNF-a

(p < 0.001). Surgical management of mild to moderate
OSAS leads to a signiWcant reduction in TNF-a and IL-6
values. Our data indicate that AHI is an independent risk
factor of systemic inXammation; however it aVects cyto-
kines to a lesser degree compared with the BMI.
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Introduction

Obstructive sleep apnoea syndrome (OSAS), characterized
by cessation of air Xow for a minimum of 10 s despite con-
tinuous respiratory eVort, is a prevalent condition in our
society. Recent studies demonstrate that OSAS is associ-
ated with increased cardiovascular morbidity and mortality
[1, 2]. These co-morbidities are even consistently found in
patients with mild OSAS [3, 4]. Hypoxia causes oxidative
stress and may be involved in inXammatory processes
resulting elevated pro-inXammatory cytokine levels. Cyto-
kines such as IL-1, IL-6 and TNF-a, have an important role
in sleep regulation [5, 6] and some of them have been found
to be increased in patients with OSAS [5, 7]. Although
there is a strong link between sleep apnoea and cardiovas-
cular morbidities such as atherosclerosis, the underlying
mechanisms of this relation are not clariWed yet.

Studies of OSAS patients treated with nasal continuous
positive airway pressure (nCPAP) showed a reduction of
the IL-6 and TNF-a concentrations and decrease of cardio-
vascular mortality [7, 8].

However, the eYcacy of surgical treatment of OSAS
patients in cytokine levels has not been extensively
assessed. The purpose of the study is to evaluate the inXu-
ence of surgery in pro-inXammatory cytokine levels in
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correlation with the body mass index (BMI) and the
apnoea-hypopnoea index (AHI) changes in the long term.

Materials and methods

A total of 24 male OSAS-patients (mean age 45.1, range
26–54 years) diagnosed with polysonmography were evalu-
ated in this study. The study group was divided into two
subgroups according to their BMI. SpeciWcally, the Wrst
subgroup included 13 obese patients (mean BMI
33.4 § 1.5) and a second subgroup included 11 over-
weighted patients (mean BMI 26.1 § 1.1). The control
group consisted of 12 overweighted subjects (mean BMI
27.4 § 0.8) and 15 obese control subjects (mean BMI
34.9 § 1.8) of similar age and sex distribution with the
study group. Polysomnography conWrmed the absence of
OSAS in all subjects of the control group and BMI was
used to identify obese subjects among control and OSAS
group. SpeciWcally a BMI value ¸30 means obesity and a
value between 25 and 29.9 indicates overweight. Exclusion
criteria of OSAS patients were prior surgery for OSAS,
chronic inXammation (e.g. chronic tonsillitis), systemic dis-
ease and acute infection within the previous 2 weeks. None
of the patients had been under steroidal, anti-inXammatory,
sympatheticomimetic or sympatheticolitic medications in
the course of this study. Patients over 55 years old were
also excluded from the study to avoid any potential age
eVects on the plasma cytokines [9]. The study was
approved by the Ethics Committee of Aristotle University,
Medical School, and all the patients signed informed con-
sent after detailed description of the study.

At the baseline visit, all the patients underwent detailed
ear, nose and throat examination and Xexible endoscopy in
which Mueller’s maneuver was performed. All the patients
had an at least two-level airway obstruction with signiWcant
septal deviation causing nasal congestion symptoms and
prolonged soft palate (Mallampati III to IV) with signiWcant
oropharyngeal obstruction during Mueller’s maneuver. The
clinical assessment was followed by a polysomnographic
evaluation (Compu Medic, Abbotsford, Australia) of one
night with at least 8 h of sleep in the sleep laboratory. Elec-
trocardiography, electrooculography and electromyography

recordings were obtained with surface electrodes according
to standard methods [10]. Nasal and mouth airXow were
measured with thermistors. Ventilatory movements of chest
and abdomen were also monitored.

The diagnosis of OSAS was based on the AHI results.
AHI was calculated as the total number of episodes of
apnoea and hypopnoea per hour of sleep. SpeciWcally an
AHI >5 was diagnostic of OSAS. An AHI ¸5 to <20 indi-
cated a mild OSAS, ¸20 to <30 indicated moderate OSAS
and ¸30 indicated severe OSAS. The OSAS group con-
sisted of patients with mild to moderate OSAS with a mean
AHI of 23.2 § 3.6 without signiWcant diVerence between
weight subgroups. The control group had a mean AHI of
3.5 § 0.4. All AHI values of the study subgroups are pre-
sented in Table 1.

Surgical management included a two-level procedure
including the nose and the palate: septoplasty and uvulo-
palato-pharyngoplasty (UPPP) in one stage. Key steps of
UPPP included bilateral tonsillectomy, partial resection of
the anterior pillar of the soft palate, sutures between poster-
ior and anterior pillar with the posterior pillar pulled for-
wards away from the posterior pharyngeal wall, closure of
the tonsillar fossa, and maximized lateralization of the pos-
terior pillar, partial removal of the uvula greater than
1.5 cm, to reduce the uvula to approximately 1 cm.

Postoperative complications included a primary bleeding
from the uvula controlled with cauterization in operating
theatre. Two more patients had excessive pain resulting
poor feeding. Oral morphine solution was given in cases of
excessive pain with immediate improvement of food intake.
One patient presented a transient palatal insuYciency with
complete recovery within a month. In a follow-up appoint-
ment 6 months postoperatively a second polysomnography
performed.

Peripheral venous blood was collected from each patient
at 8 o' clock in the morning, 1 week preoperatively and
6 months postoperatively. Blood samples were stored at
¡72°C until assay. Serum IL-1� and IL-6 were measured
by ELISA (R & D Systems, Minneapolis, MN, USA).
Peripheral blood mononuclear cells were isolated with a
Ficoll-Hypaque gradient. Monocytes (1 £ 105/ml) were
cultured for 24 h and counted. TNF-a measured with an
enzyme linked immunosorbent assay kit.

Table 1 AHI and cytokines 
levels in control group and 
OSAS patients preoperatively

Controls OSAS patients

Obese Overweighted Obese Overweighted

(n = 12) (n = 15) (n = 13) (n = 11)

AHI 23.6 § 3.5 22.9 § 3.8 3.4 § 0.3 3.6 § 0.4

TNF-a (pg/ml) 78.8 § 50.1 48.5 § 36.7 124.64 § 96.7 105 § 88.7

IL-6 (pg/ml) 0.42 § 0.08 0.05 § 0.09 0.84 § 0.08 0.45 § 0.07

IL-1� (pg/ml) 0.66 § 0.21 0.35 § 0.17 0.28 § 0.11 0.37 § 0.15
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Results were analyzed using SPSS version 12.0 for Win-
dows (SPSS Inc., Chicago, IL, USA). Descriptive statistics
are presented within the body of the text as mean
values § standard deviation (SD). The alpha level was set
at 0.05. The signiWcance of diVerences within groups was
analyzed with a Student paired t test and the signiWcance of
diVerences between groups was performed by analysis of
variance Wrst followed by t tests with Bonferroni correction.
Correlation analysis between cytokines and AHI or BMI
was based on Spearman rank correlation. The impact of the
possible contributing factor of cytokine serum levels such
as BMI and AHI was assessed with a multiple regression
analysis with serum level of cytokine as dependent vari-
ables.

Results

The TNF-a from monocytes and serum IL-6 concentrations
were signiWcantly increased in OSAS-patients (63.8 § 22.2
and 0.21 § 0.08 pg/ml respectively) compared with the
control group (115.4 § 23.7 pg/ml, p = 0.032 and
0.64 § 0.09 pg/ml and p < 0.001 respectively). No diVer-
ence was found regarding the IL-1� values between the two
study groups. Further analysis of cytokine results after divi-
sion of the two groups in subgroups of obese and over-
weighted subjects showed that obese subjects had
signiWcantly elevated TNF-a and IL-6 cytokines compared
with overweighted subjects in both groups. Obese—OSAS
patients had the higher values of the above cytokines fol-
lowed by the obese control subjects, overweighted OSAS
patients and the lower values found in overweighted control
subjects (Table 1). Interestingly the obese control subjects
presented slightly higher values than overweighted OSAS
patients, but this diVerence was not signiWcant (p = 0.07).

Spearman correlation analysis showed a positive correla-
tion between cytokine plasma levels and variables like BMI
and AHI (Table 2). Multiple regression analysis showed
that the strongest predictor of TNF-a production in mild to
moderate OSAS was the BMI (p = 0.005) followed by AHI
(p = 0.022). Similarly IL-6 serum level had as independent
predictors Wrst the BMI (p = 0.003) followed by AHI
(p = 0.011).

Postoperatively the AHI was signiWcantly improved in
20 patients, however 4 patients presented slight or no

improvement. The mean preoperative value presented a sig-
niWcant reduction from a mean of 23.2 § 3.6 to a mean of
9.8 § 1.5 (p = 0.004). Postoperatively TNF-a and IL-6 val-
ues were also signiWcantly reduced in the study group
(Fig. 1a, b), however IL-1� values did not signiWcantly
diVered from the preoperative results. The relative percent-
age change of AHI after surgical treatment was correlated
with the relative percentage changes in TNF-a and IL-6 lev-
els (r = 0.56, p = 0.044 and r = 0.67, p = 0.021, respec-
tively). The mean of BMI did not diVered signiWcantly
postoperatively. A change in BMI was noted only in four
patients and this number does not allow correlation analy-
sis. However, their improvement in cytokine levels was
higher than the mean percentage change of the patients
without BMI change. Comparison between TNF-a and IL-6
relative percentage change revealed a more signiWcant
reduction for IL-6 values (p < 0.001) (Fig. 2).

Discussion

Considering that a signiWcant percentage of the general
population (2% for females and 4% for males) suVers from
OSAS [11] and that levels of TNF-a and IL-6 are increased
in OSAS patients; it is necessary to assess whether a surgi-
cal treatment of OSA aVects the blood levels of the above
cytokines.

Table 2 Correlation coeYcients between cytokines levels and the
variables of BMI and AHI in OSAS patients preoperatively

Spearman rank correlation coeYcients, signiWcance level 0.05

Variables TNF-a p value IL-6 p value

BMI r = 0.71 p < 0.001 r = 0.85 p < 0.001

AHI r = 0.47 p = 0.019 r = 0.62 p = 0.004 Fig. 1 Postoperative reduction of a IL-6 values and b TNF-a values in
obese and overweighted OSAS patients
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Our study conWrmed the fact that TNF-a and IL-6 levels
are signiWcantly higher in patients with mild to moderate
OSAS than in healthy overweighted subjects. However,
OSAS overweighted patients appeared to have similar cyto-
kine levels in comparison with obese control subjects.
These results suggest that both OSAS and obesity increase
cytokine level acting as independent factors and TNF-a and
IL-6 levels are aVected in mild OSAS equally by obesity
and hypoxia. Limitations on this conclusion are that we did
not assess patients with severe OSAS and that our sample
size is considerably small.

Other authors suggest that in patients with severe OSAS,
TNF-a serum level was mainly aVected by the severity of
hypoxia during sleep rather than the BMI [7]. It is possible
that elevation of cytokine level is accelerated from mild to
severe OSAS with hypoxia being the predominant factor
only in patients with severe disease.

The OSAS treatment remains controversial. Although
the clinical eYcacy of nCPAP is widely accepted, its com-
pliance is actually much lower for patients with mild dis-
ease than patients with severe disease [3]. It is important to
note that in patients who discontinued the nCPAP-therapy
symptoms recurred [1, 12]. Moreover nCPAP-therapy is
the cause of other morbidities especially in nasal functions
[13, 14]. Surgical management in patients with mild to
moderate OSAS and marked anatomical structures causing
airway obstruction still has a place. This is supported by
studies suggesting surgical treatment as a sensible alterna-
tive to nCPAP therapy [15–17]. For some patients surgical
improvement of nasal respiratory passage or pharyngeal
walls collapse increases nCPAP tolerance. Thus the assess-
ment of surgical treatment of OSAS in a cytokine level is
useful as surgery usually oVers permanent results.

Postoperative results in our study showed a signiWcant
reduction of the TNF-a and IL-6 values after surgical inter-
vention in OSAS-patients. This was accompanied by a sig-
niWcantly decreased AHI postoperatively. In addition we
found a strong correlation between AHI changes and cyto-
kine plasma level changes. The reduction of the TNF-a and
IL-6 values as a result of improvement of sleep parameters

is already suggested by other authors [7, 8]. Moreover an
opposite interaction is reported where pharmaceutically
decreased cytokine levels result improvement of sleep
parameters [18]. Kataoka et al. [19], showed a signiWcant
TNF-a reduction 1 week after UPPP, tonsillectomy and
adenoidectomy in OSAS-patients, results which are in
agreement with our study. However this study presented
short term results and did not correlated cytokine changes
with the BMI. In our study the reduction of TNF-a and IL-6
values seem to be permanent as our assessment was
6 months after surgical treatment. BMI decrease in the
early postoperative period after UPPP can be related with
painful food intake. This is the reason why cytokine level
immediately after surgery cannot predict the long term
result as often BMI reaches the preoperative values in a
period of a few months. This is in agreement with our study
as only four patients presented signiWcant BMI decrease
postoperatively. However, their cytokine values presented a
remarkable decrease and this fact indicates a positive eVect
of weight loss in postoperative cytokine level. In any case
obesity has a signiWcant role in the regulation of plasma
cytokine level and it should always be included in the
assessment of any OSAS treatment modality.

It is important to note that both TNF-a and IL-6 cytokines
presented similar behaviour pre- and post-surgery a fact
which indicates a common triggering factor, and probably an
interaction as shown in a study in which a neutralizing factor
of TNF-a resulted a reduction of the IL-6 values [18].

The fact that IL-6 values showed a higher relative
improvement compared with the changes in TNF-a values
is an indication that IL-6 seems to respond better in surgical
management of OSAS.

Based on the Wndings of this study, we can suggest that
surgical management of mild to moderate OSAS is indi-
cated for the reduction of pro-inXammatory cytokines,
which are related to cardiovascular complications of the
disease.
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