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Background: Obstructive sleep apnea syndrome (OSAS) is characterized by cyclic episodes of hypoxemia and reoxygenation.
It has been suggested that OSAS is associated with chronic inflammation within the microvasculature. This
low-grade inflammation may play a role in the pathophysiology of OSAS-related comorbidities. Evaluation of
the inflammatory markers may predict the degree of the systemic inflammation and this may be a prognostic
factor for future adverse events such as cardiovascular risks. Proinflammatory cytokines have been extensively
studied in sleep-disordered breathing. Neutrophil-to-lymphocyte ratio is a recently described indicator of sys-
temic inflammation, but it has not been studied in OSAS patients. In this study we aimed to evaluate the eas-
ily measurable parameters of systemic inflammation in these patients. We conducted this study to examine
the association among OSAS and C- reactive protein, erythrocyte sedimentation rate, and neutrophil-to-lym-
phocyte ratio.

Material/Methods: OSAS patients who underwent overnight polysomnography were studied retrospectively. They were divided
into 4 groups: control, mild, moderate, and severe OSAS patients. Blood test results and inflammatory mark-
ers were compared between the groups. One-way ANOVA and Kruskall-Wallis H test were used for statistical
analysis.

Results: A total of 147 patients were included in the study. No differences in evaluated inflammatory markers were ob-
served among the 4 groups.

Conclusions: Evaluation of the OSAS-related systemic inflammation is not likely to be possible by CRP, ESR, or neutrophil-
to-lymphocyte ratio measurements. These markers do not seem to be associated with the degree of the up-
per airway obstruction.
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Background

Obstructive sleep apnea (OSA) is characterized by repetitive
pauses in breathing and subsequent hypoxia episodes. Chronic
airway collapse and recurrent hypoxia contribute to the de-
velopment of altered metabolic, immune, and inflammato-
ry system responses [1]. There is some evidence suggesting
that OSA is associated with low-level systemic inflammation
and oxidative stress [1].

Reports in the literature suggest that obstructive sleep apnea
syndrome (OSAS) is the most likely risk factor for the occur-
rence of renal pathologies, lung diseases, cardiovascular prob-
lems, endocrine diseases, diabetes mellitus, and neuropsy-
chiatric diseases [2-4]. Low-level systemic inflammation and
subsequent vascular damage has been implicated as the un-
derlying mechanism responsible for these comorbidities [5-8].

Detection of altered inflammatory markers in OSAS patients
may predict the degree of nocturnal sleep disturbance and as-
sociated systemic inflammation and presence of comorbidities
such as cardiovascular diseases and hypertension. Evaluation
of inflammatory markers in OSAS patients may be useful for
predicting the risk for future comorbidities.

Sleep disturbance-related systemic inflammation alterations
can be demonstrated by assessing the level of the inflamma-
tory markers in blood. Repetitive hypoxia-reoxygenation cycles
have been shown to be associated with activation of the pro-
inflammatory factors IL6, C-reactive protein (CRP), and TNF-o
[6,9-13]. Elevated IL6 and TNF-o. have been shown to be re-
lated to increased cardiovascular morbidity [14,15]. CRP and
erythrocyte sedimentation rate (ESR) are widely used inflam-
matory markers. Recently, novel inflammatory biomarkers such
as neutrophil-to-lymphocyte ratio (NLR) have been proposed
as indicators of systemic inflammation [16]. NLR is an easily
measurable laboratory marker affected by both innate immune
response (mediated by neutrophils) and adaptive immune re-
sponse (mediated by lymphocytes) [17]. Several studies have
suggested that an altered NLR has prognostic value in coro-
nary arterial disease, hypertension, diabetes mellitus, cerebro-
vascular diseases, peripheral arterial disease, chronic kidney
disease, and various malignancies [18-24]. To the best of our
knowledge, NLR has not been studied in OSAS.

We conducted the present study to evaluate the association be-
tween OSAS and the inflammatory markers CRP, ESR, and NLR.

Material and Methods

This multicenter retrospective study was approved by our local
ethics committee (OMU-KAEK; 592/2014). Subjects who were
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referred for polysomnography (PSG) testing and performed the
test were included. We reviewed the medical files of patients
recorded during 1 November 2012 and 31 December 2013.
Venous blood samples were collected from the antecubital
vein after 8 to 12 hours of overnight fasting, 1 day before PSG
testing. We used Becton Dickinson Vacutainer tubes. Total and
differential leukocyte counts were measured within 30 min-
utes of sampling by an automatic blood counter (Abbott Cell-
Dyne Ruby; IL 60064 USA). PSG testing was performed with
the Compumedics E series 44 channel PSG device. The PSG re-
cordings included electrocardiography, chest excursions, elec-
troencephalography, and pulse oximetry and leg electromy-
ography. The apnea-hypopnea index (AHI) was defined as the
average number of apneas and hypopneas per hour of sleep.
PSG data were manually scored. All the patients who under-
went overnight PSG testing with available blood sample test-
ing were recruited to the preliminary evaluation. Patients were
excluded from the study if they had any malignancy, diabetes
mellitus, dyslipidemia, cardiovascular disease or hypertension,
chronic inflammatory processes, thyroid dysfunction, chronic
hepatic disease, renal failure, or any acute-subacute infectious
disease within the past 2 months, and if data such as blood
sample testing results were incomplete or if they were unable
to undergo complete PSG testing. Data variables included pa-
tient age, sex, body- mass index (BMI), apnea-hypopnea index
(AHI) score, blood serum variables such as glucose, cholester-
ol, triglyceride, white blood cell (WBC) count, hemoglobin (Hb),
mean corpuscular hemoglobin concentration (MCHC), neutro-
phil and lymphocyte counts, and inflammatory biomarkers CRP
and ESR. NLR was calculated as the ratio of neutrophil count
to lymphocyte count. Patients were divided into 4 groups ac-
cording to PSG results. Group 1, 2, 3, and 4 consisted of pa-
tients with AHI scores 0-4, 5-15, 16-30, and more than 30,
respectively. Group 1 was considered as not having any sleep-
disordered breathing (SDB) problem and they were the con-
trol group. To increase the number in the control group, addi-
tional subjects were recruited from the hospital records. These
subjects were people who applied to the hospital to undergo
routine blood screening tests. They were included randomly
if they were aged 40 to 50 years and if they did not have any
pathology listed in our exclusion criteria. Groups 2, 3, and 4
were mild, moderate, and severe OSAS patients, respectively.

All the data analyses were performed using the Statistical
Package for Social Sciences (SPSS) Version 20. The Shapiro-
Wilk test was used to evaluate whether data variables were
normally distributed. Normally distributed continuos data are
expressed as sample size and mean values with standard devi-
ation, and were analyzed by using one-way ANOVA. The Tukey
HSD test was used for multiple comparisons. CRP and ESR val-
ues were analyzed by using the Kruskall-Wallis H test. P<0.05
probability value was considered as significant.
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Tablel. Baseline characteristics of the study groups.

Control Mild OSAS Moderate OSAS Severe OSAS

Age 43.30 (11.14) 44.96 (9.25) 47.24 (9.12) 49.35 (9.79)
Gender am2eF sW9F AMeF 6MITF
e 027 015 7 260

OSAS - obstructive sleep apnea syndrome; BMI — body mass index; M — male; F — female.

Table 2. Serum laboratory parameters and NLR values of the study groups. The data represent mean values with standard deviations.

Control Mild OSAS Moderate OSAS Severe OSAS p
Glucose 98.71 (18.25) 93.15 (11.59) 96.33  (9.61) 99.81 (12.25) 0.190
CCholesterol 19464 (4838) 20673 (3922) 20676 (29.97) 20074 (4582 0646
Trigyceride 14584 (90.99) 13835 (5822) 16144 (86.86) 16080 (78.04) 0602
wee 6999 (1566) 7751 (270) 7039 (1550) 7194 (1491 0293
W 1394 (177) 1478 (149 1443 (14) 1473 (144) 0078
mewc 352 (12) 3379 (122 3344 (108) 346 (119) 0632
Neutrophil 3977 (1172 4363 (1698) 735 (1115) 3865 (1086) 0240
Clympocyte 2300 (600) 2488 (598 a8 (587) 2520 (641) 0429
MR 180 (064 178 ©057) 157 (054 161 (056) 0223
R 031 (018 040 (026 | 081 (194 | 052 (069) 0135
CER 1423 (1067) 069 (B04) 1991 (2232 1502 (1077) 0433

OSAS - obstructive sleep apnea syndrome; WBC — white blood cell; Hb — hemoglobin; MCHC — mean corpuscular hemoglobin
concentration; NLR — neutrophil to lymphocyte ratio; CRP — C-reactive protein; ESR — erythrocyte sedimentation rate; p — probability

value.

Results

Discussion

There were 279 patients, including 150 men and 129 wom-
en, with a mean age of 51.91 (+9.82) (range: 25-83) who had
blood sample values and completed the PSG testing. Based
on our exclusion criteria, 161 of them were discarded. The re-
maining 118 patients were divided into Groups 1 to 4 (accord-
ing to AHI results), respectively as follows: 11, 27, 37, and 43
patients (Table 1). Additional, 29 healthy subjects were add-
ed to the control group as described. Our study group com-
prised 147 subjects (79 male and 68 female).

Mean blood sample values of the 4 groups and their level of
significance are provided in Table 2. The calculated mean val-
ues of biochemical markers and complete blood count values
listed in Table 2 did not show statistically significant among
the 4 groups. Additionally, the mean values of NLR did not
show statistically significant levels among the 4 groups. There
was no statistically significant difference among groups with
respect to median values of other 2 inflammatory markers
(ESR and CRP).

SDB is characterized by repetitive episodes of upper airway
collapse, which causes low-level systemic inflammation [1].
OSAS has been associated with a variety of comorbidities such
as cognitive impairment, cardiovascular diseases, pulmonary
diseases, endocrine dysfunctions, and neuropsychiatric prob-
lems [25-28]. Although the exact mechanism underlying these
health problems remain unclear, chronic inflammation has been
implicated in their pathogenesis [29-31]. It is not clear if the
inflammation is the result or cause of these pathologies, but
there seems to be a bidirectional relationship [8]. Detection of
inflammatory factors in OSAS patients may help us to predict
the risk and severity of the comorbid diseases.

Several inflammatory factors have been studied in SDB patients
[32]. In this study, we have evaluated the most widely used
and most suitable inflammatory markers in clinical practice.

CRP is an acute-phase protein. It is a nonspecific biomarker of
inflammation that is considered as the potential biomarker of
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cardiovascular morbidity. The association between OSAS and
CRP levels is inconsistent in the literature. Some studies in-
dicate a relationship between OSAS severity and CRP levels
[7,33], while others were unable to demonstrate such a rela-
tionship [11]. In our study, there was no correlation between
CRP level and AHI scores. There was no statistically significant
difference between the control group and the groups of pa-
tients with mild, moderate, and severe OSAS.

ESR is a classical inflammatory marker. Its lower sensitivi-
ty and specificity and usage of newer inflammatory markers
have reduced its value in clinical practice. We have evaluated
the variation of ESR in OSAS patients because it is an inexpen-
sive, simple, and widely available parameter. There were no
statistically significant difference in ESR values between the
control group and mild, moderate, and severe OSAS patients.

The NLR of peripheral blood has been shown to be a marker of sys-
temic inflammation [34]. Evaluation of the NLR in these diseases
may help us to predict the progression and prognosis of the dis-
ease processes [18,35,36]. Since a variety of diseases, metabolic
syndromes, and drugs may affect the NLR, we excluded patients
with these comorbidities. We aimed to investigate the associa-
tion of NLR and OSAS and demonstrate its usability in predicting
biochemical alterations. To the best of our knowledge, NLR has
not been studied in patients with SDB. Our data revealed that
NLR does not show statistically significant alteration in OSAS pa-
tients. NLR values did not differ with respect to severity of the
SDB and it was similar between control group and OSA patients.

To identify the degree of inflammation in OSAS patients, other
inflammatory markers and cytokines (IL6, IL8, TNF-o) can be
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considered. They are widely studied markers in the literature
and generally yield more promising results [1,6]. Additionally,
investigation of novel anti-inflammatory markers such as ghre-
lin can help to predict the pathophysiology and prognosis of
the OSAS [37].

Although our study population was large enough to obtain
adequate sample size, investigation of the selected parame-
ters in a prospective study with well-designed sampling crite-
ria would be beneficial. A prospective study evaluating CRP,
ESR, and NLR levels before and after CPAP application could
minimize confounding factors.

Conclusions

The inflammatory markers CRP, ESR, and NLR cannot help us
to predict the severity of the level of systemic inflammation in
OSAS patients. For this reason, these 3 markers cannot dem-
onstrate the detrimental consequences of OSAS-associated
comorbidities, because systemic inflammation and resul-
tant vascular insult is an important underlying mechanism in
these diseases. These markers cannot be considered as use-
ful diagnostic and prognostic parameters in clinical practice
in OSAS patients.
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