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Abstract

Objective: Our aim in this study was to compare the neutrophil to lymphocyte ratio (NLR) in rapid eye movement (REM) related obstructive
sleep apnea (RRO) syndrome (OSAS) and position related OSAS (SRO) to habitual snorers (HSN) and try to find out the phenotype that increases
the physical stress more.

Methods: The patient charts and polysomnograms of all subjects referred to Yedikule medical center for chest diseases sleep department
between June 2019 and January 2020 were reviewed and classified as RRO, SRO and HSN. Fasting blood tests were performed in the morning
following polysomnography. The phenotypes of OSAS were compared to each other by means of NLR.

Results: A total number of 147 cases were reviewed. Forty eight cases were SRO, 49 cases were RRO and 50 were simple snorer. The NLR in RRO
was statistically significant from those of SRO and HSN subgroups (p=0.001), whereas NLR in groups SRO and HSN were identical (p=0.650).
Apnea Hypopnea index and O, nadir in all groups were statistically significant from each other.

Conclusion: Our data suggests that the REM related OSAS increases NLR as a predictor of inflammation, but NLR stays constant in Position

related OSAS and simple snorers.
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INTRODUCTION

Obstructive Sleep Apnea syndrome (OSAS) is a sleep breathing
disorder that has potential cardiovascular and/or neurologic
complications. The most prominent feature of OSAS is apnea or
hypopneathat decreasesor blocksthe upperairway passage. OSAS
isa complex disease; recent studies suggested certain phenotypes
for OSAS; those phenotypes result from the combination of the
genotype of the susceptible individual and the environmental
effects. Up-to-date, the most common phenotypes of OSAS are
named to be rapid eye movement (REM)-related OSAS (RRO) as a
result of hyporesponsive genioglossal muscle activity that results
in hypopharyngeal blockage of the airway by the tongue base
during the REM period and secondly supine related OSAS (SRO)

phenotype that restricts patients sleeping in the supine position
(1).

OSAS may generally be attributed as an inflammatory disorder
because of its physical load of distress due to hypoxia/
hypoxemia and increased effort to breathe (2). Neutrophil to
lymphocyte ratio (NLR) isa frequently used marker for subclinical
inflammation. Basically, the blood drawn peripherally is used
and the number of neutrophils is divided by the number of
lymphocytes. Under physiologic stress, by the catalysing effect
of the endogenous cortisol and catecholamines, the neutrophils
increase and lymphocytes decrease. Normally, NLR in healthy
adults are between 1 and 3. However, a mild inflammatory
response increases the NLR to 6-9, whereas critically ill patients
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will often have an NLR of 9 or higher, occasionally reaching
values close to 100 (3,4).

NLR has been studied in vast areas of medicine including
sleep medicine. It has been shown that OSAS induces physical
stress that raises the inflammatory markers such as fibrinogen,
C-reactive protein (CRP) and NLR (5). However, to the best of
our knowledge the phenotypes of OSAS are not studied nor
compared to each other.

Our aim in this study is to compare the NLR in RRO and SRO to
habitual snorers (HSN) and try to find out the phenotype that
increases the physical stress more.

METHODS

This was a retrospective study performed in a tertiary care
referral center. The ethical approval was granted from the
Ethical Committee of Okmeydani Training and Research
Hospital on 21.01.2020 (48670771-514.10). Informed consents
were taken from each and every case. The patient charts and
polysomnograms of all subjects referred to Yedikule medical
center for chest diseases sleep department between June 2019
and January 2020 were reviewed and classified as RRO, SRO, HSN
or unclassified OSAS. Unclassified OSAS was referred to as OSAS
that has Apnea Hypopnea index (AHI) greater than 5 events/h but
not has any specific feature related to REM stage of the sleep nor
worsens due to supine position. For being beyond the scope of
this study, unclassified OSAS cases were excluded from the study.

Adequate sample size formulation for the study was calculated
as follows;

Nt’pq

d*(N-1)+t’pq
where;

N: Sample size in the universe (Frequency of patients been
treated in our clinic within one month)

n: The desired sample size

p: The frequency of occurrence (OSAS incidence was accepted
as 7%)

q: The frequency of non-occurrence
t: tvalue

d: Absolute precision or accuracy, normally set at 0.05

(8000)(1.96)2(0.07)(0.93)
n= =98
(0.05)2(8000-1)+(1.96)2(0.07)(0.93)

This equation showed that 98 cases or more were adequate for
sampling, and our cases were above this value.

Full-night attended polysomnograms including sixteen channel
electroencephalography, two electrooculography,
submental and left/right anterior tibial electromyography
(EMG), right/left biceps surface EMG, body position probe,
electrocardiography, oro-nasal 4 thermal sensor, nasal pressure
sensor, breath sound recording, thoracal and abdominal sensors,
pulse oxymeter and synchronous video recordings were recorded.
Wake-sleep patterns and sleep related abnormal breathing
events were scored with respect to the criteria of American
Academy of Sleep Medicine 2017 (AASM). All polysomnograms
were evaluated due to AASM-International Classification of
Sleep Disorders international sleep diseases 2014 criteria. PSG
recordings of all subjects were scored by a sleep expert who was
blinded to blood test results of the cases.

channel

As a routine, fasting blood tests were performed in the morning
following polysomnography. Detailed parameters included
complete blood count, blood glucose, urea, liver function tests,
fibrinogen, erythrocyte sedimentation rate, CRP, ferritin and iron
levels.

Exclusion criteria included as follow: pediatric age group,
subjects other than sleep disordered breathing problems
(i.e. insomnia, parasomnia, circadian rhythm disorders, etc.),
previous upper airway surgery, any kind of central sleep apnea,
upper airway neoplasm and acute rhinitis resulting in nasal
obstruction at the time of the study. Obstructive apnea was
defined as the total cessation of airflow for >10 s with continued
respiratory effort. Obstructive hypopnea was defined as an
event lasting >10 s that was associated with both a decrease in
airflow of 50% and an EEG arousal or oxygen desaturation >4%.
AHI was defined as the number of apneic and hypopneic events
per hour of sleep.

The predominance of disordered breathing during REM sleep
was accepted as: (a) an AHI of nonREM sleep stage fewer than 5
events/h and (b) an AHI of REM sleep stage of at least 5 events/h
with at least 30 minutes of REM sleep. If the amount of REM sleep
was less than 30 minutes, estimates of AHIrgy were considered
imprecise and the cases were excluded (6). The predominance of
disordered breathing during supine position sleep was accepted
as: (a) Overall AHI is greater than 5 events/h, (b) The supine AHI
is greater than two times the non-supine AHI and, (c) Non-supine
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AHL is less than 5 events/h (7). Habitual (simple) Snorers were
defined as snorers with an AHI <5 events/h.

Statistical Analysis

Statistical analyses were performed by SPSS 22.0 (IBM, Turkey).
A power analysis revealed our sample size to be adequate for
the study. A Shapiro-Wilks test was used to control the normal
distribution of the variables. Continuous variables were analyzed
by one-way variance analysis test and inter-group comparisons
were performed by Post-Hoc Bonferroni tests. Continuous
variables were expressed as mean, standard deviation,
minimum, maximum and categorical variables as frequency
and percentage. A p value of <0.05 was accepted statistically
significant.

RESULTS

A total number of 147 cases were reviewed. Forty eight cases
were SRO (32.65%; 36 male, 12 female), 49 cases were RRO
(33.33%; 28 male, 21 female) and 50 were simple snorer (34.01%;
27 male, 23 female). Descriptive variables are presented in
Table 1.

The NLR in RRO was statistically significant from those of SRO
and HSN subgroups (p=0.001); RRO had the highest value as

of 2.76, SRO had 1.53 and HSN had the lowest value as 1.37.
The Post-Hoc values between RRO and HSN was significant
(p=0.001), however NLR difference in HSN and SRO (p>0.005) or
SRO and RRO (p>0.005) were not significant. AHI and O, nadir
in all groups were statistically significant from each other as SRO
16.6; RRO 10.1 and HSN 2.3. Also the Post-Hoc values of AHI was
statistically significant between RRO and HSN being worse for
RRO (p=0.001), HSN and SRO, being worse for SRO (p=0.001),
and SRO and RRO, being worse for SRO (p=0.005) (Table 2,
Figure 1).
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Figure 1. Simple Boxplot of neutrophil to lymphocyte ratio by OSA type
OSA: Obstructive Sleep Apnea

Table 1. Descriptives according to OSAS phenotypes
One-way ANOVA n Mean Standard deviation Minimum Maximum
Age SRO 48 45.93 10.18 25.00 66.00
RRO 49 48.71 10.37 25.00 74.00
HSN 50 45.32 10.79 25.00 74.00
BMI SRO 48 30.79 3.93 25.00 41.00
RRO 49 31.95 7.03 22.00 50.00
HSN 50 30.20 4.79 21.00 41.00
NLR SRO 48 1.53 0.55 0.73 3.30
RRO 49 2.76 1.25 1.12 7.46
HSN 50 1.37 0.54 0.01 2.79
TST SRO 48 411.77 45.12 275.00 530.50
RRO 49 406.02 57.49 230.50 481.00
HSN 50 386.34 61.25 213.00 528.00
AHI SRO 48 16.61 9.58 5.70 39.50
RRO 49 10.10 4.01 5.40 21.70
HSN 50 2.30 133 0.00 4.90
Oxygen nadir SRO 48 88.33 4.83 77.00 97.00
RRO 49 84.75 7.49 56.00 96.00
HSN 50 92.58 3.16 85.00 97.00
OSAS: Obstructive Sleep Apnea syndrome, SRO: Position related OSAS, RRO: Rem related OSAS, HSN: Simple (habitual) snorer BMI: Body-mass index, NLR: Neutrophil to
lymphocyte ratio, TST: Total sleep time, AHI: Apnea Hypopnea index, N: Sample size in the universe
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Table 2. Multiple comparisons

Bonferroni
Variable p value
Age SRO RRO 0.579
RRO HSN 0.326
HSN SRO 1.000
BMI SRO RRO 0.872
RRO HSN 0.326
HSN SRO 1.000
NLR SRO RRO 0.001*
RRO HSN 0.001*
HSN SRO 1.000
TST SRO RRO 1.000
RRO HSN 0.234
HSN SRO 0.072
AHI SRO RRO 0.001*
RRO HSN 0.001*
HSN SRO 0.001*
0, Nadir SRO RRO 0.005*
RRO HSN 0.001*
HSN SRO 0.001*

*The mean difference is significant at the 0.05 level. BMI: Body-mass index, NLR:
Neutrophil to lymphocyte ratio, TST: Total sleep time, AHI: Apnea Hypopnea index,
SRO: Position related OSAS, RRO: Rem related OSAS, HSN: Simple (habitual) snorer

DISCUSSION

OSAS is a chronic disease that has repetitive episodes of
upper airway collapse and then relievement of the collapse
by gasping of the susceptible subject, which in turn causes
low-level systemic inflammation in a certain time period. It
has been linked to a diverse variety of comorbidities such
as cardiovascular diseases, pulmonary diseases, endocrine
dysfunctions, and neuropsychiatric problems. The disease,
furthermore, also causes hypoxia, asphyxia, respiratory
acidosis and hypercapnia, which are due to the reoccurring
sleep disruptions and leads to the development of local and
systemic inflammation. Chronic inflammation is thought
to be the underlying pathogenesis, although the exact
physiopathology to those health problems remains unclear.
However, the inflammation might be the result or the cause of
these pathologies; more commonly a bidirectional relationship
is frequently questioned (8).

It has been demonstrated in an animal model that apnea and
hypoxemia trigger systemic inflammation by inducing changesin
the leukocyte function (9). Under physiologic stress, the number

of neutrophils increases, while the number of lymphocytes
decreases. The NLR combines both of these changes.

Previous reports demonstrated that patients with OSAS have
higher levels of inflammatory markers such as CRP, neutrophil
counts, TNF-a, pro-inflammatory cytokines, interleukin 6, serum
amyloid A, and leukocyte adhesion molecules (10,11).

Obstructive sleep apnea repetitively fragments the sleep.
This fragmentation and inflammatory response increases
the sympathetic neural activity. Elevation of the plasma
noradrenaline activates the sympathetic nervous system and
elevates the serum cortisol. Once the plasma cortisol level
increases, a decrease in the relative concentration of lymphocytes
occurs and this low level of lymphocytes worsens the clinical
outcome. Neutrophils are the frontiers of the defensive cells
of the immune system but an uncontrolled release of toxic
substances such as inflammatory cytokines or tissue-damaging
enzymes may potentiate the damage to surrounding tissues
and increase the inflammatory responses. An increase in the
neutrophil count of OSAS patients were shown but the reason
why neutrophils are increased in the airways of OSAS patients
remains unclear. No matter how different mechanisms could be
involved, intermittent hypoxia is thought to be the major factor
for this phenomenon (12).

In this study, particular importance is attributed to REM sleep.
During the REM sleep; the electrical activity of the brain is
similar to being awake when measured by oxygen and glucose
metabolism being 11-40% lower in non-REM sleep. Areas of
the brain that are active during REM sleep are the opposite
of the ones activated during non-REM sleep. Especially, the
amygdala is active during REM sleep which is involved in
autonomic responses associated with fear and hormonal
secretions. Scientific studies of the amygdala have led to the
discovery of the location of neurons in the amygdala that are
responsible for fear conditioning. Body temperature is not
well-regulated which can cause to become uncomfortable with
more extreme temperatures. The inhibition of motor neurons
causes a complete paralysis of the body and REM sleep is the
part of sleep where dreams occur; the brain will often deploy
“safety measures” to ensure it isn’t disrupted. For example, the
sound of an alarm clock or phone may be incorporated into the
dream and transformed into something else. All those features
associated with REM sleep causes increased heart rate and
catecholamines and shallow breath. Additional inhibition of
the skeletal muscles increases the apnea/hypopnea events and
hypoxemia deepens (13). All abovementioned responses load
important stress level to the affected body and the stress levels
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gradually increase throughout the evolution of the disease.
Those mechanisms were in concordance with our study; the NLR
ratio of REM was significantly higher than the other two groups.
We accepted RRO to have a REM period equal or greater than 30
minute. However, the time variable was not a constant valid rule
for SRO. This might be an important clue to explain why RRO
NLR was higher than HSN but SRO was not statistically significant
than HSN. If the standardization of the time variable spent in
both REM sleep and supine position sleep should be set as 30
minutes, maybe the scores would change and NLR of both OSAS
phenotypes might be the same. We believe further researches in
the area illuminating this point could be of importance.

CONCLUSION

The literature reviews support the NLR increase in general OSAS,
but the phenotypes were not studied before. Our data suggests
that the REM related OSAS increases NLR as a predictor of
inflammation, but NLR stays constant in Position related OSAS
and simple snorers.
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