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Abstract. — OBJECTIVE: Systemic inflamma-
tion is important in pathophysiology of obstruc-
tive sleep apnea (OSA) and its comorbidity. Neu-
trophil to lymphocyte ratio (N/L ratio) is a novel
inflammation index that has been shown to inde-
pendently predict poor clinical outcomes. In this
study, we aimed to evaluate the role of N/L ratio
in OSA patients and comparing with other well-
known inflammatory marker, C-reactive protein
(CRP).

PATIENTS AND METHODS: We conducted a
retrospective analysis of 481 patients with mild,
moderate and severe OSA (163,158 and 160 pa-
tients, respectively) and leukocyte profiles of 80
sex-, age- and body mass index- matched
healthy controls. Patients were excluded if they
had underlying cancer, chronic inflammatory
disease, any systemic infection, uncontrolled hy-
pertension and diabetes mellitus, a known acute
coronary syndrome, valvular heart disease, a
known thyroid, renal or hepatic dysfunction.

RESULTS: We found that N/L Ratio in severe
OSA patients was significantly higher compared
with mild, moderate, OSA patients and healthy
controls (p < 0.001). However, there was no dif-
ference between mild and moderate OSA pa-
tients (p = 0.636). There was also no significant
difference between mild-moderate OSA patients
and healthy groups (p = 0.150). CRP levels were
not different in all OSA stages (p = 0.595). By
Spearman correlation, there was no correlation
between CRP and N/L ratio.

CONCLUSIONS: N/L ratio, which is quick,
cheap, easily measurable novel inflammatory
marker with routine complete blood count analy-
sis, is a surrogate marker of obstructive sleep
apnea severity.
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Introduction

Obstructive sleep apnea (OSA) is a common
disease that affects 3-7% of the middle-aged pop-
ulation (30-70 years) and becomes more preva-
lent with age'. OSA is characterized by repetitive
episodes of cessation or limitation of airflow
which result in intermittent nocturnal hypoxia
and sleep fragmentation>.

Systemic inflammation and oxidative stress
are both important in the pathophysiology of
OSA and its comorbidity. A potential mechanism
involved is intermittent nocturnal hypoxemia
produces a decline in oxygen levels followed by
reoxygenation when breathing resumes. The
cyclical episodes of hypoxia-reoxygenation,
analogous to cardiac ischemia/reoxygenation in-
jury causing ATP depletion and xanthine oxidase
activation, and increases the generation of oxy-
gen-derived free radicals and, therefore, cause lo-
cal and systemic inflammation*°. In a recent
study®, OSA patients showed a significant in-
crease in levels of systemic inflammatory media-
tors such as interleukin-8 (IL-8) and intercellular
adhesion molecule-1 (ICAM-1) in both plasma
and exhaled condensate. In addition, they showed
a higher neutrophil percentage in induced spu-
tum. These findings were significantly and posi-
tively correlated to AHI; however, CPAP-therapy
did have a significant effect’.

Systemic inflammation can be measured by
using a variety of biochemical and hematological
markers. Although novel disease-specific bio-
markers have been identified, most of which are
time consuming and expensive. Blood neutrophil
to lymphocyte (N/L) ratio is an easily accessible
and reliable marker of subclinical inflammation
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that can be easily obtained from the differential
white blood cell count. This ratio integrates in-
formation on two different immune pathways —
the neutrophils that are responsible for ongoing
inflammation and the lymphocytes that represent
the regulatory pathway®”.

In recent years, there have been some studies
investigating the potential role of leukocyte sub-
types’ ratios during the inflammatory process of
chronic diseases!'®'2. However, to the best of our
knowledge, the N/L ratio in OSA patients has not
been investigated so far. It has been demonstrated
in an animal model that apnea and hypoxemia
trigger systemic inflammation by inducing
changes in the leukocyte function in OSA pa-
tients and we assumed that a higher N/L ratio
may be found in OSA patients with more ad-
vanced disease'>!*. Therefore, the aim of the cur-
rent study is to clarify the role of the N/L ratio in
OSA patients and to evaluate whether this inex-
pensive, readily- measurable laboratory marker
can be used as a surrogate marker of systemic in-
flammation in this patient population.

Patients and Methods

Patient Population

A retrospective analysis of patients diagnosed
as OSA with level-1 polysomnography (PSG) at
two tertiary hospitals and a university hospital
from January 2013 through April 2014 was per-
formed. Differential blood count of healthy con-
trols- who were community residents presented
for their yearly physical examinations, and had
no specific complaints or illness requiring treat-
ment- were evaluated. Patients were excluded if
they had underlying cancer, chronic inflammato-
ry disease, any systemic infection, uncontrolled
hypertension and diabetes mellitus, a known
acute coronary syndromes, valvular heart dis-
ease, a known thyroid, renal or hepatic dysfunc-
tion and ongoing steroid or pegylated interferon,
nucleoside analogue therapy's. Smoker patients
were also excluded from the study!®. The pa-
tients’ clinical and demographic data, including
age, sex, body mass index (BMI), predisposing
factors, and comorbid conditions were noted.

Blood Samples

Data on blood cell counts were extracted in a
retrospective fashion from the medical records.
All white blood cell and differential counts were
taken prior to sleep study. Total leukocyte count

and its subtypes, including neutrophil, lympho-
cyte, and monocyte absolute counts, were ana-
lyzed using an automated blood cell counter
(cell-dyn 3700; Abbott Laboratories, abbott Park,
IL, USA and Sysmex XE-2100; Sysmex Corp.,
Kobe, Japan). Serum levels of C-reactive protein
(CRP) were measured by immunonephelometry
(IMMAGE Nephelometer; Beckman Coulter,
Fullerton, CA, USA). The N/L ratio was defined
as the absolute count of neutrophils divided by
the absolute count of lymphocytes determined
from the full blood count. Control blood samples
taken from healthy individuals at the time of the
study were also evaluated.

Sleep Study

All participants underwent full polysomnogra-
phy (Compumedics P-series sleep system; Com-
pumedics sleep, Melbourne, Victoria, Australia
and Somnosecreen plus; Somnomedics, Rander-
sacker, Germany). At least 6-h PSG data were
recorded. PSG recordings included 6-channel
electroencephalography, 2-channel electroocu-
lography, 2-channel submental electromyogra-
phy, oxygen saturation by an oximeter finger
probe, respiratory movements via chest and ab-
dominal belts, airflow both via nasal pressure
sensor and oro-nasal thermistor, electrocardiogra-
phy, and leg movements via both tibial anterolat-
eral electrodes. Sleep stages were scored in 30-s
epochs by a certified registered polysomnograph-
ic technologist according to the criteria of the
American Academia of Sleep Medicine!”. Apneas
were defined as decrements in airflow = 90%
from baseline for = 10 seconds using an oronasal
thermal sensor. Hypopneas were defined as a
30% or greater decrease in flow lasting at least
10 seconds using a nasal cannula pressure trans-
ducer and associated with a 3% or greater oxyhe-
moglobin desaturation or associated with an
arousal. The number of apneas and hypopneas
per hour of sleep was calculated to obtain the ap-
nea-hypopnea index (AHI). The oxygen desatu-
ration index (ODI) was defined as the total num-
bers of episodes of oxyhemoglobin desaturation
> 3% from the immediate baseline, = 10 s but < 3
min, divided by the total sleep time. OSA severi-
ty was assessed as mild, moderate, and severe ac-
cording to the AHI values of 5-14, 15-29, and
more than 30, respectively!”.

Ethical Committee

The study complied with the Declaration of
Helsinki and was approved by the Ethics Com-
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mittee of the Okmeydani Research Hospital Ethi-
cal Committee number = 2014 04.11.241 and
waived the requirement for informed consent.

Statistical Analysis

Descriptive statistics were computed for all
factors. Continuous variables were presented as
mean (standard deviation) or median (25", 75"
percentiles) and categorical variables as frequen-
cy (percentage). For comparisons among groups,
the chi-square test (or Fisher’s exact test when
any expected cell count was < 5 for a 2 x 2 table)
was used for categorical variables and the un-
paired Student’s ¢ test or the Mann-Whitney rank
sum test for continuous variables after testing for
normality which was performed using histograms
and the Shapiro-Wilk test). If tests of normality
were met, One way Analysis of Variance (ANO-
VA) were used to compare more than two
groups; the cutoff level of error was reduced to
0.05/(number of tests) (Bonferroni correction),
and the Kruskal-Wallis test was used when tests
of normality failed. Bivariate relationships be-
tween variables were determined by Pearson’s or
Spearman rank correlation coefficients (rho).

Receiver operating characteristics curve
(ROC) analysis was used to evaluate the role of
N/L ratio in distinguishing subjects with severe
OSA. Cutoff value that maximized both sensitivi-
ty and specificity were chosen. Two-sided p val-
ues <0.05 were considered statistically signifi-
cant. All statistical analyses were performed us-
ing the Statistical Package for the Social Sci-
ences for Mac version 20.0 (SPSS Inc., Chicago,
IL, USA; serial number = 10229569).

Table 1. Characteristics, laboratory findings of study groups.

Results

The hospital records of 481 patients with mild,
moderate and severe OSA (163,158 and 160 pa-
tients, respectively) and leukocyte profiles of 80
sex-, age- and BMI- matched healthy control
subjects were evaluated. The characteristics and
laboratory findings of involved subjects stratified
by OSA severity are given in Table 1. There was
no statistical difference between the groups with
respect to age, sex and BMI. As expected, AHI
and desaturation index increased progressively
with the severity of disease. The current findings
indicated that the N/L Ratio in severe OSA pa-
tients was significantly higher than in mild or
moderate OSA patients and healthy controls (p <
0.001). However, there was no significant differ-
ence between mild and moderate OSA patients
(p = 0.636). We created a new group (mild-mod-
erate group) by combining mild and moderate
groups, since there was no significant difference
between these two groups. However, N/L ratio in
severe OSA patients was also significantly higher
than the new mild-moderate group (p < 0.001).
N/L ratio in the new mild-moderate group was
not different from the healthy group (p = 0.150)
(Figure 1).

By Spearman correlation, there was no corre-
lation between CRP and BMI (r = 0.014, p =
0.757) or AHI (r = 0.046, p = 0.293). CRP levels
were the same in all OSA stages (p = 0.595)
(Table I).

Using an obstructive AHI =30 event/hour on
PSG as the cut-off"’, the best N/L ratio to find
patients with severe OSA was calculated with

OSA patients OSA patients OSA patients
Number Healthy control 5<AHI< 15 15 <AHI < 30 30 < AHI P

Number 80 163 158 160

Age, year, mean (SD) 47.3 (10.8) 48.9 (12.8) 48.3 (10.8) 48.9 (10.5) 0.709°
Sex, male, n (%) 56 (70) 90 (73) 111 (70) 110 (69) 0.880%
BMI, mean (SD) 32.5(7.8) 324 (7.3) 32.6(8.4) 34.3(7.5) 0.130°
Laboratory findings

Leukocyte, x 10° ul 3.34 (3.01-3.62) 3.37 (3.03-3.69) 3.32(2.96-3.67) 4.29 (4.05-4.48) <0.001*
Neutrophil, x103 ul 2.11 (1.84-2.41) 2.14 (1.87-2.45) 2.02 (1.72-2.31) 1.80 (1.59-1.97) <0.001*
N/L ratio 1.52 (1.16-1.78) 1.54 (1.25-1.84) 1.63 (1.30-2.05) 2.37 (2.01-2.86) <0.001*
CRP, mg/dl NA 5.62 (3.37-9.45) 5.43 (3.38-9.15) 5.63 (2.48-9.14) 0.595%
AHI, mean (SD) NA 9.83 (2.66) 21.44 (4.46) 62.80 (25.01) <0.001%
Desaturation index NA 3.45(2.30-5.95) 12.60 (9.5-17.4) 47.95 (26.59-84.48) <0.001*

BMI, body mass index; CRP, C-reactive protein; N/L ratio, neutrophil-lymphocyte ratio; AHI, apnea-hypoapnea index; NA,
Not applicable. Data are median (25%-75" percentiles) unless otherwise indicated. "One-way analysis of variance (ANOVA).
SChi-square test. *Kruskal-Wallis test.
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Figure 1. Neutrophil-lymphocyte ratio in the three study
groups; severe OSA group, combined mild-moderate OSA
group and healthy controls. OSA, obstructive sleep apnea.

the receiver operator curve analysis. The area
under curve (AUC) was 0.840 (95% confidence
interval 0.790-0.880, p < 0.001). The cut-off
level for N/L ratio with optimal sensitivity and
specificity was calculated as 1.85 with sensitivi-
ty, specificity, positive predictive value, nega-
tive predictive value, and diagnostic accuracy of
85%, T1%, 62%, 89%, and 76%, respectively
(Figure 2).
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Figure 2. Receiver operating characteristic curves of neu-
trophil-to-lymphocyte ratio (N/L ratio), for predicting severe
obstructive sleep apnea patients. AUC, area under the curve.

Discussion

The main findings of our study were as fol-
lows; severe OSA patients had a higher N/L ratio
than both mild, moderate OSA patients as well as
healthy controls. N/L ratio was not significantly
changed in mild or moderate OSA patients, or
healthy controls. Finally, CRP levels were the
same in all OSA severities.

The N/L ratio is a combination of two inde-
pendent markers of inflammation; neutrophils as
a marker of the ongoing nonspecific inflamma-
tion, and lymphocytes as a marker of the regula-
tory pathway'®. Recent evidence suggests that the
ratio of the neutrophil count-to-lymphocyte count
ensures a higher predictive value than the stand-
alone leukocyte differential, because by itself it
can reveal, in a synergetic manner, more about
disease severity'’.

Obstructive sleep apnea involves sleep frag-
mentation, tonic elevation of sympathetic neural
activity, oxidative stress and inflammation®. Ele-
vation of the plasma norepinephrine level reflects
activation of the sympathetic nervous system in
response to systemic stress. The stress response
is also manifested by an elevation of serum corti-
sol. However, the physiological diurnal variation
in plasma cortisol levels, their short half-life, and
their pulsatile pattern of secretion, render these
levels difficult to use in a clinical setting. In-
creased cortisol levels result in a decrease in the
relative concentration of lymphocytes®. Further-
more Horne et al?! reported that relatively low
lymphocyte count was associated with worse
clinical outcome.

It has been demonstrated in an animal model
that apnea and hypoxemia trigger systemic in-
flammation by inducing changes in the leukocyte
function'®. Neutrophils are the front-line defen-
sive cells of the immune system. However, un-
controlled release of their formidable array of
toxic substances (i.e. reactive oxygen metabo-
lites, inflammatory cytokines, lipid mediators,
antibacterial peptides, and tissue-damaging en-
zymes) may inflict damage to surrounding tis-
sues and propagate inflammatory responses®. An
increase of neutrophils was shown in OSA pa-
tients>. But the reason why neutrophils are in-
creased in airways of OSA patients remains un-
clear. However, even if different mechanisms
could be involved, the common hypothesis is that
this phenomenon is secondary to intermittent hy-
poxia?*. The combination of these two markers
(neutrophil count-to-lymphocyte count) has been
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proven to be the most powerful simple leukocyte
count predictor?!. Accordingly, in the current
study, neutrophil levels were increased; lympho-
cyte levels were decreased with disease severity
so that N/L ratio was significantly increased in
severe OSA patients. However N/L ratio re-
mained the same in mild, moderate and healthy
controls.

Obstructive sleep apnea is associated with a
variety of adverse consequences, including day-
time sleepiness, increased cardiovascular morbid-
ity and mortality, impairment of cognitive func-
tion, motor vehicle collisions, and reduced quali-
ty of life*>?. Despite adverse consequences, it is
estimated that most individuals with OSA neither
receive a diagnosis nor treatment, suggesting that
current resources may be inadequate to meet
growing demands?’. Therefore, predicting high-
risk patients and giving priority to them in sleep
laboratories could decrease morbidity. Neu-
trophil-to-lymphocyte ratio is an inexpensive,
readily available and reproducible test that has
prognostic and predictive values in systemic in-
flammatory diseases such as cardiovascular dis-
eases, kidney diseases, liver disease, inflammato-
ry bowel diseases and chronic obstructive pul-
monary disease (COPD)!%%2° To the best of our
knowledge, this is the first clinical study to
demonstrate the increased levels of N/L ratio in
severe OSA patients. In this study, we provided a
cut-off value of 1.85 for N/L ratio, derived from
receiver-operating characteristic curve analysis.
The ROC analysis indicated that the AUC of the
N/L ratio was significantly high in predicting se-
vere OSA patients with sensitivity, specificity,
PPV, NPV and diagnostic accuracy of 85%, 71%,
62%, 89%, and 76%, respectively. Therefore, our
results suggest that the N/L ratio at admission
may contribute additional data for early risk
stratification of patients with OSA.

In the study, N/L ratio was not significantly
different in mild and moderate OSA patients and
healthy controls. These findings suggest that a
more substantial or a different pattern of hypox-
emia might be necessary to activate systemic in-
flammation, that the system may need to be
primed before hypoxic exposure, or that increas-
es in inflammatory markers. OSA patients may
be more related to other factors such as nocturnal
arousal.

C-reactive protein is believed to be a biomark-
er of inflammation. The association between
OSA and CRP has been inconsistent, perhaps be-
cause CRP is also elevated in obese patients in-
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dependent of OSA*. Studies comparing other-
wise healthy obese men with and without OSA
have found that OSA is associated with increased
CRP levels after controlling for BMI in both
adults and children?'. On the other hand, another
study comparing groups with different OSA
severity matched for age and BMI and a fourth
group of obese subjects with OSA matched in
AHI to the severe OSA group found no increase
in CRP in the three BMI-matched groups, where-
as the obese group had higher CRP than the AHI-
matched group, suggesting that the elevation in
CRP was due to obesity and not OSA®. In the
current study, we did not find any correlation be-
tween CRP levels and OSA severity. We believe
that the strong relationship between CRP levels
and obesity might have biased the results of vari-
ous researches investigating CRP levels in adults
with OSA. We did not find an association be-
tween N/L ratio and CRP. It is likely that there is
a complex interaction of pro-inflammatory and
anti-inflammatory proteins.

Previous works**3* have shown that both obe-
sity and smoking are associated with chronic sys-
temic inflammation and increased white cell
count, and can induce migration of neutrophils
from the intravascular compartment to peripheral
tissue because of an increase in chemotactic and
adhesion molecule activities. In the current study,
smokers were excluded and patients were
matched according to their BMI so that the ef-
fects of smoking and BMI were eliminated from
the study, this is one of the powerful aspects of
this report. Furthermore, low levels of N/L ratio
in obese patients should be expected because
obesity can lead to an increase in lymphocyte
count compared with neutrophil count with the
end result being a deceptively low N/L ratio*.

This was a retrospective study and was subject
to bias. However, we included a relatively well-
characterized large group of patients from differ-
ent city centers, all of whom underwent level I
polysomnography. Moreover we used a cross-
sectional design for this study, which is not the
best design to investigate any causal relation-
ships, although we performed adjustment for sig-
nificant clinical variables, there remains the pos-
sibility of residual confounding from unmea-
sured variables. Our study was not designed to
elucidate the mechanistic pathways that lead to
higher N/L ratio in patients with OSA. Finally
we did not measure cortisol level to confirm its
elevation in association with a reduction of the
relative lymphocyte count.
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Despite these criticisms, we observed that in-
dividuals with severe OSA are significantly more
likely to have higher level of systemic inflamma-
tion and N/L ratio seems a reasonable measure to
detect this condition.

Conclusions

Neutrophil-lymphocyte ratio — which is calcu-
lated from complete blood count with differential
— is an inexpensive, easy to obtain, widely avail-
able marker of inflammation that might, in com-
bination with other markers, assist in identifying
patients with severe OSA. Future researches are
needed to show a significant fall in N/L ratio
with effective continuous positive airway pres-
sure (CPAP) therapy.
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