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An Evaluation of the Relationship Between Disease
Severity and the Hematological, Biochemical and
Hormone Values in Adult Patients with Obstructive Sleep
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Abstract

Objective: The aim of this study was to assess the effect on various
systems of increased Obstructive Sleep Apnea syndrome (OSAS) severity,
defined with the Apnea-hypopnea index (AHI).

Materials and Methods: The study was conducted on 245 patients
who met the inclusion criteria. A total of 8 non-obese obese and obese
non-obese groups were formed. There were the non-obese control
group [AHI<5, Body Mass index (BMI) <29.9 kg/m? (n=32)], obese
control group [AHI<5, BMI>30 kg/m? (n=28)], non-obese mild OSAS
group [AHI 5-15, BMI<29.9 kg/m? (n=33)], obese mild OSAS group
[AHI 5-15, BMI>30 kg/m? (n=26)], non-obese moderate OSAS group
[AHI 15-30, BMI<29.9 kg/m?(n=41)], obese moderate OSAS group [AHI
15-30, BMI>30 kg/m? (n=24)], non-obese severe OSAS group [AHI>
30, BMI<29.9 kg/m? (n=38)], and obese severe OSAS group [AHI>30,
BMI>30 kg/m?(n=23)].

Results: A statistically significantly greater difference was determined
between the groups in respect of the monocyte HDL cholesterol ratio
(MHR), monocyte LDL cholesterol ratio (MLR) and uric acid excretion
(UAE) values together with an increase in the severity of OSAS (p<0.001,
p<0.001 and p=0.006, respectively).

There was a positive correlation of OSAS severity with MHR (r=0.671,
p=0.001), UAE (r=0.467, p=0.001) and triglyceride (r=0.304, p=0.001)
values and a negative correlation with MLR (r=-0.213, p=0.001) and
HDL cholesterol (r=-0.285, p=0.001) values. Linear regression analysis
identified that triglycerides (mg/dL), UA excretion (mg/dL), neutrophil
lymphocyte ratio, MHR and MLR significantly contributed to OSAS
severity.

Conclusion: The increasing severity of OSAS, which has a multifactorial
etiology, affects many systems, primarily the inflammatory and cardiac
systems.

Keywords: Obstructive sleep apnea, hematological parameters,
monocyte HDL ratio, monocyte LDL ratio, uric acid excretion

Oz

Amag: Bu calismada, Apne-hipopne indeksi (AHI) ile tanimlanan
Obstriiktif Uyku Apne sendromu (OSAS) siddetindeki artisin farkl
sistemler Uzerine olan etkilerinin degerlendirilmesi amaclanmistir.
Gereg ve Yontem: Calisma, dahil edilme sartlarini karsilayan toplam 245
hasta Uzerinde yapildi. Hastalar, hastalik siddeti ve Vicut Kitle indeksi
(VKI) degerleri géz 6niinde bulundurularak obez ve non-obez toplam 8
gruba ayrildi. Non-obez kontrol grubu [AHI<5, VKi<29,9 kg/m?(n=32)];
obez kontrol grubu [AHI<5, VKi>30 kg/m? (n=28)]; non-obez hafif OSAS
grubu [AHI 5-15, VKi<29,9 kg/m? (n=33)]; obez hafif OSAS grubu [AHi
5-15, VKI>30 kg/m? (n=26)]; non-obez orta siddette OSAS grubu [AHI
15-30, VKi<29,9 kg/m? (n=41)]; obez orta siddette OSAS grubu [AHI
15-30, VKi>30 kg/m? (n=24)]; non-obez ciddi OSAS grubu [AHi>30,
VKi<29,9 kg/m? (n=38)]; obez ciddi OSAS grubu [AHI>30, VKi>30 kg/
m? (n=23)].

Bulgular: Gruplar arasinda monosit HDL kolesterol orani (MHRs),
monosit LDL kolesterol orani (MLRs) ve rik asit ekskresyon (UAE)
degerlerindeki farkin, OSAS siddeti artisi ile anlamli oranda arttigi
gorildi (sirasiyla p<0,001, p<0,001 ve p=0,006). OSAS siddeti ile
biyokimyasal ve hemotolojik parametreler arasindaki iliski korelasyon
analizleriyle degerlendirildiginde MHRs (r=0,671, p=0,001) ve UAE
(r=0,467, p=0,001) ve trigliserid (r=0,304, p=0,001) degerleri ile pozitif
korelasyon oldugu, MLRs (r=-0,213, p=0,001) ve HDL kolesterol (r=-
0,285, p=0,001) degerleri ile de negatif korelasyon oldugu gorildi.
Lineer regresyon analizlerinde trigliserid (mg/dL), UA ekskresyon (mg/
dL), notrofil lenfosit orani, MHRs ve MLRs degerlerinin OSAS siddetine
anlaml katki sagladigi tespit edildi.

Sonug: Multifaktoriyel etiyolojiye sahip olan OSAS, artan siddetiyle
birlikte basta enflamatuvar ve kardiyak olmak (izere pek ¢ok sistemi de
etkilemektedir.

Anahtar Kelimeler: Obstriiktif uyku apnesi, hematolojik parametreler,
monosit HDL orani, monosit LDL orani, urik asit ekskresyonu
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Introduction

Obstructive Sleep Apnea syndrome (OSAS) is a very common
disease affecting nearly 17% of the adult population (1).
OSAS is known to cause increased morbidity and mortality
related to many systems and diseases such as cardiovascular
disease, obesity, dyslipidemia, coronary artery disease, arterial
hypertension, type 2 diabetes, congestive heart failure and
cerebrovascular events (2). Recent studies have suggested that
various inflammatory mediators (3-5), biochemical markers
(6-8) and hormonal parameters (9-11) are associated with the
disease or disease severity. However, it is not clear whether
the increase in disease severity in OSAS patients affects other
systems or whether disorders of other systems cause OSAS. It
is most likely that this is a two-way process and both situations
cause increases in the severity of the other. For example, the
underlying mechanisms of cardiovascular system pathologies
are considered to be sympathetic nervous system hyperactivity,
oxidative stress, vascular endothelial dysfunction and metabolic
dysregulation. However, disrupted cardiac functions cause an
increase in OSAS severity (12). Previous studies in literature,
have generally focused on the disruption of various parameters
increasing OSAS severity, but there is no study which has
assessed the effects of increased OSAS severity on different
systems and diseases, or which system is most affected. The
aim of this study was to assess the effect on different systems
of increased OSAS severity, defined with the Apnea-hypopnea
index (AHI).

Materials and Methods

Setting and Patients

Approval for this prospective study was granted by the
Local Ethics Committee (decision no: 2018-15/105) and all
procedures were applied in accordance with the 1975 Helsinki
Declaration. The study included a total of 245 consecutive
patients, aged 18-65 years, with complaints of daytime napping
and/or snoring who presented at the clinic between 01.02.2018
and 15.12.2018. Written consent was obtained from all the
study participants.

The patients included were those diagnosed with OSAS, aged
18-65 years, with no comorbid systemic disease, had no history
of psychotropic drug use or illegal drug use and/or consumed
<5 g units of alcohol, and had not been engaged in shift work
in the previous 4 weeks or taken a transmeridian flight.
Exclusion criteria for the study were (1) other sleeping disorders
such as Central Sleep Apnea syndrome, narcolepsy, Upper
Airway Resistance syndrome, or Restless Legs syndrome, (2)
hypertension, thyroid replacement treatment, diabetes mellitus,
history of medical treatment for hyperlipidemia or any active
infection or any inflammatory disease, (3) administration
of continuous positive airway pressure or previous surgical
intervention due to OSAS, (4) any hepatic, pulmonary, renal
or cardiac failure, (5) surgical upper respiratory tract pathology
causing Sleep Apnea syndrome, (6) those with endothelial
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functions, systemic inflammation or oxidative stress parameters
which could affect the results, those who smoked, drank >5 g
units of alcohol and/or used illegal drugs, (7) those who had
been engaged in shift work or taken a transmeridian flight in
the previous 4 weeks, which could change the sleep parameters
and the hematological parameters evaluated in the study, and
(8) patients not wishing to participate in the study.

Anthropometric and Blood Pressure Measurements

Body Mass index (BMI) was calculated by dividing the body
mass by the square of height (kg/m?). Daytime systolic and
diastolic blood pressure was measured with a mercury blood
pressure device at 8.00 in the morning after 5 minutes rest
in a sitting position. The mean value of three measurements
was recorded. Detailed physical examination was performed
to assess anatomic variations that may cause Sleep Apnea
syndrome.

Biochemical, Hematologic, Urine and Hormone Parameter
Measurements

Many studies have used hemocytic parameters shown to be
associated with disease severity such as neutrophil lymphocyte
ratio (NLR), platelet lymphocyte ratio (PLR) (2-5), monocyte
count/high density lipoprotein (HDL) cholesterol ratio (MHR) (7)
and monocyte count/low density lipoprotein (LDL) cholesterol
ratio (MLR) to assess inflammatory status. Lipid panel [LDL
(mg/dL), HDL (mg/dL), triglyceride (mg/dL), total cholesterol
(mg/dL)] was used to assess the cardiovascular system (6,7).
The effects on the liver were assessed by examining glutamyl
transferase (GGT) (U/L) and alkaline phosphatase (ALP) (U/L)
levels (8). Serum thyroid stimulating hormone (TSH) (u 1U/mL)
levels were assessed to evaluate the effects on the thyroid. The
1.25 (OH)D, (nmol/L) levels were examined as they are known
to affect different systems in OSAS patients including increased
systemic inflammation, dyslipidemia and bone deformation,
in addition to cardiovascular diseases (13). With the aim of
assessing cellular hemostasis levels the potential marker of tissue
hypoxia of the ATP degradation product of uric acid excretion
(UAE) (mg/dL) was assessed. UAE was calculated using the
uric acid (UA) serum creatinine and urine creatinine levels with
the formula “UAE= (urinary UA/urinary creatinine) X serum
creatinine” (14).

Before taking blood and urine samples from the patients,
detailed systemic questioning and a physical examination
were performed to assess the presence of infection. Patients
considered to have infection on physical examination and with
high white cell counts were called for check-up at least 1 month
after treatment and if no infection was detected, fasting blood
and urine samples were taken at 08:00 -10:00 hours following
a 10-minute rest from 8-10 in an environment at mean +20 °C.
Routine clinical chemistry and immunoassay parameters were
measured using standard laboratory methods (Cobas 8000;
Roche Diagnostics®, Germany). Hematological parameters
were determined using a Sysmex XN-1000 automated blood
cell counter (Sysmex Corporation, Kobe, Japan).
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Epworth Sleepiness Scale and Polysomnography Monitoring

To assess the patient’s tendency to sleepiness, the Turkish
version of the Epworth Sleepiness scale was used. The scale
comprises eight items, each scored from 0 to 3 points, giving a
total score of 0-24.

To objectively assess the night sleeping status of each participant,
the in-laboratory Philips Respironics Alice 5, 2016, USA device
was used according to the American Academy of Sleep
Medicine 2007 criteria. The assessment parameters in brief are
nasal and oral air flow (using both nasal oral thermocouple and
nasal pressure cannula), snoring sounds, thoracic/abdominal
movements, oxygen saturation, leg movements and body
position, AHI and Oxygen Desaturation index (ODI). Scoring
is automatically calculated by the computer software and was
later manually checked by a technician.

Apnea is defined as more than 90% of air flow being stopped
for at least 10 seconds. Hypopnea is defined as >50% reduction
in airflow for 10 seconds or longer related to >3% oxygen
desaturation or stimulus. Stimuli are defined as sudden slides in
electroencephalographic frequency lasting at least 3 secs. AHI
is defined as the number of apnea and hypopnea events and
severity of OSAS is assessed according to AHI. It is categorized
as normal (<5), mild (5-14.9), moderate (15-29.9) or severe
(=30).

The patients were divided into 8 groups according to disease
severity and BMI values; the non-obese control group [AHI<5,
BMI<29.9 kg/m? (n=32)], obese control group [AHI<5, BMI>30
kg/m? (n=28)], non-obese mild OSAS group [AHI 5-15,
BMI<29.9 kg/m? (n=33)], obese mild OSAS group [AHI 5-15,
BMI>30 kg/m? (n=26)], non-obese moderate OSAS group [AHI
15-30, BMI<29.9 kg/m? (n=41)], obese moderate OSAS group
[AHI 15-30, BMI>30 kg/m? (n=24)], non-obese severe OSAS
group [AHI> 30, BMI<29.9 kg/m? (n=38)] and OSAS group [AHI
>30, BMI>30 kg/m? (n=23)]. The age, gender, BMI (kg/m?),
Epworth, Mller, Mallampati scores, NLR, PLR, MHR, MLR, LDL
(mg/dL), HDL (mg/dL), triglycerides (mg/dL), total cholesterol
(mg/dL), GGT (U/L), ALP (U/L), serum TSH (u 1U/mL), UAE
(mg/dL), 25(OH)D (nmol/L), systolic blood pressure (mm/Hg),
diastolic blood pressure (mm/Hg), mean O, saturation, minimal
O, saturation and O, ODI of all the patients were prospectively
recorded.

Statistical Analysis

Data obtained in the study were analyzed statistically using IBM
SPSS for Windows, version 17.0 software (IBM Corporation,
Armonk, NY, USA). Results were stated as mean + standard
deviation values. The ANOVA test (ANOVA with Tukey HSD)
was applied to the comparisons of multiple groups. A value
of p<0.05 was accepted as statistically significant. Linear
regression models were used to assess factors related to OSAS.
Optimal cut-off values for the diagnosis of OSAS for each
variable were determined with receiver operating characteristic
(ROC) curves. The area under the curve (AUC) represents the
95% confidence interval (Cl). Combinations of biomarkers
were determined again with ROC curves and the AUC values

were re-assessed in terms of prognostic determination of
the multiple multi-marker approach. Re-classification analyses
using net reclassification improvement (NRI) and integrated
discrimination improvement (IDI) were used to assess the
added value of the multi-marker approach to (LDL cholesterol,
HDL cholesterol, triglyceride, total cholesterol), (NLR,PLR,
MHRs, MLRs), (GGT and ALP) and [serum TSH, UAE, 25(OH)
D]. The NRI and IDI values were analyzed at 95% CI. For the
statistical analyses, MedCalc Software (version 15.8, MedCalc
Software, Mariakerke, Belgium) and R version 3.3.1 (The R
Foundation for Statistical Computing, Vienna, Austria) were
used. The p-values were not adjusted for multiple comparisons
and, therefore, were only descriptive.

Results

The clinical features of the patients included in the study are
summarized in Table 1. When the 245 patients were assessed in
terms of age, systolic blood pressure and diastolic blood pressure
values, no statistically significant difference was observed (all
p>0.05). A statistically significant difference was determined
between the patients in terms of gender (p=0.031). In the
intra-group comparisons, there was no significant difference
between the control groups and mild OSAS patient groups,
and male gender was found to be dominant in the severe and
moderate severity OSAS patient groups. When patients were
assessed in terms of biochemical, hematological and hormone
values that have been shown to be significantly associated with
increased OSAS severity in previous studies, no difference was
determined between the groups in terms of ALP and vitamin
D values (p>0.05 for all). The differences in MHR, MLR and UA
excretion values were found to be highly statistically significant
(p<0.001, p<0.001 and p=0.006, respectively) (Table 2).
When the correlation between OSAS severity and biochemical
and hematological parameters was assessed, MHR (r=0.671,
p=0.001), UA excretion (r=0.467, p=0.001) and triglyceride
(r=0.304, p=0.001) values were positively correlated and MLR
(r=-0.213, p=0.001) and HDL cholesterol (r=-0.285, p=0.00T1)
values were negatively correlated. When separate evaluations
were made of the obese and non-obese groups, the positive
MHR and the negative MLR correlations in the obese groups
were strengthened. The factors associated with OSAS severity
are shown in Table 3.

Linear regression analysis of the biochemical variables correlated
with OSAS severity was applied to assess the contribution of
multiple common variables to OSAS severity. First, all groups
were assessed together, as in the correlation analyses, and
triglycerides (mg/dL), UA excretion (mg/dL), NLR, MHR and
MLR values were determined to significantly contribute to
OSAS severity. The obese and non-obese groups were then
assessed separately and with the exception of triglycerides in
the obese group and MLR in the non-obese group, all variables
were observed to significantly contribute to OSAS severity. The
variables are shown in Table 4.
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Table 3. Correlation between OSAS severity with biochemical and hematologic parameters

OSAS severity

All patients (n=245) Non-obese patients (n=144) Obese patients (n=101)

r P r P r P
GGT (U/L) 0.186* 0.046 0.063 0.428 0.223* 0.045
ALP (U/L) 0.044 0.542 0.055 0.487 0.153 0.181
UA excretion (mg/dL) 0.467** 0.001 0.282** 0.001 0.482** 0.001
Total cholesterol (mg/dL) 0.059 0.364 0.017 0.831 0.187 0.102
Triglycerides (mg/dL) 0.304** 0.001 0.365** 0.001 0.233* 0.042
LDL (mg/dL) 0.249** 0.001 0.235** 0.008 0.293* 0.010
HDL (mg/dL) -0.285** 0.001 -0.361* 0.001 -0.135 0.239
25(0OH)D (nmol/L) -0.058 0.371 -0.143 0.069 0.101 0.377
TSH (uIU/mL) 0.230** 0.001 0.272** 0.001 0.170 0.141
MHRs 0.671** 0.001 0.629** 0.001 0.769** 0.001
MLRs -0.273** 0.001 -0.220** 0.005 -0.346** 0.002
NLR 0.295** 0.001 0.278** 0.001 0.426** 0.001
PLR 0.272** 0.002 0.134 0.097 0.352** 0.002

* Correlation is significant at the 0.05 level (2-tailed), ** Correlation is significant at the 0.01 level (2-tailed).

ALP: Alkaline phosphatase, GGT: Gamma-glutamyl transferase, HDL: High density lipoprotein cholesterol, LDL: Low density lipoprotein cholesterol, NLR: Neutrophil
lymphocyte ratio, MHRs: Monocyte count/high density lipoprotein cholesterol ratio, MLRs: Monocyte count/low density lipoprotein cholesterol ratio, PLR: Platelet
lymphocyte ratio, TSH: Thyroid stimulating hormone, UA: Uric acid, 1.25(OH)D,: Calcitriol

Table 4. Assessment of factors related to OSAS severity increase with logistic regression model

All patients (n=245) Non-obese patients (n=144) Obese patients (n=101)
Independent variables Odds p (95% ClI) Odds P (95% CI) Odds p (95% ClI)

ratio ratio ratio
Triglycerides (mg/dL) 0.146 0.006 (0.024-0.780) |0.212 0.002 | (0.002-0.314) | 0.046 0.527 (-0.003-0.063)
UA excretion (mg/dL) 0.261 0.001 (0.001-0.314) |[0.333 0.001 | (0.003-0.458) | 0.242 0.002 (0.041-0.553)
NLR 0.140 0.006 (0.057-0.851) | 0.114 0.014 | (0.034-0.324) | 0.159 0.030 (0.048-0.890)
MHRs 0.535 0.001 (0.488-1.113) | 0.448 0.001 | (0.422-1.985) | 0.595 0.001 (0.414-3.051)
MLRs -0.117 0.017 (0.013-0.228) |-0.118 | 0.062 | (-0.469-0.323) |-0.148 0.033 (0.003-0.804)

BMI: Body Mass index, Cl: Confidence interval, NLR: Neutrophil lymphocyte ratio, MHRs: Monocyte count/high density lipoprotein cholesterol ratio, MLRs: Monocyte

count/low density lipoprotein cholesterol ratio, OSAS: Obstructive Sleep Apnoea syndrome, UA: Uric acid

The cut-off values for the diagnostic parameters determined
with ROC analysis and the sensitivity and specificity for severe
OSAS diagnosis are shown in Figures 1-4.

Re-classification analyses demonstrated that the combinations
of hematological inflammatory parameters (NLR, PLR, MHR
and MLR) and biochemical lipid parameters (triglycerides, total
cholesterol, HDL and LDL) had high diagnostic correlation with
OSAS severity, and liver enzyme values (GGT, ALP) had a low
correlation (Figure 5).

Discussion

The aim of this study was to assess the effect on different
systems of an increase in OSAS severity defined by the AHI. The
biochemical, hematological and hormone values which have
previously been identified to be associated with OSAS severity
were used in these evaluations (3-5,7-13,15). With the aim of
not disrupting the homogeneity of the study results, groups
were formed according to BMI values. The MLR value, which

has not been used in any previous study, was examined for
the first time and this parameter was shown to have a negative
correlation with OSAS severity, similar to HDL. Multiple logistic
regression analysis was performed to determine the cut-
off values for each parameter showing an effect on OSAS
severity. Re-classification analyses were applied to all groups
together and separately to both obese and non-obese groups.
The hematological parameters were seen to have a higher
diagnostic correlation with OSAS severity compared to other
groups.

Conflicting results have been obtained from studies assessing
the correlation between OSAS severity and lipid profile (14).
Some authors have emphasized a correlation between lipid
levels and OSAS severity (16,17), while others have claimed
that dyslipidemia is linked to obesity rather than OSAS (18,19).
To the best of our knowledge, this is the first study to have
grouped patients according to OSAS severity and obesity. This
grouping aimed to differentiate clearly whether disruption of the
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Figure 1. ROC curves and cut-off values for lipid profile panel in determination of severe OSAS patients A) obese and non-obese
patient groups, B) obese patients, C) non-obese patients

ROC: Receiver operating characteristic, OSAS: Obstructive Sleep Apnoea sydrome
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Figure 2. ROC curves and cut-off values for inflammatory panel in determination of severe OSAS patients A) obese and non-obese

patient groups, B) obese patients, C) non-obese patients

ROC: Receiver operating characteristic, OSAS: Obstructive Sleep Apnoea syndrome

parameters was due to increased OSAS severity or obesity. When
both the obese and non-obese groups were compared with the
control groups, the lipid profile was seen to be significantly
disrupted, and this disruption was more pronounced in obese
patients. Correlation analyses demonstrated this correlation in
all groups together and in the separate groups. However, when
factors associated with OSAS severity were assessed with logistic
regression analyses, only the triglyceride level from the lipid
panel was identified as contributing to OSAS severity.

6

Elevated GGT has been shown to be associated with
hepatobiliary dysfunction and alcohol abuse in addition to
end-stage cardiac diseases, diabetes mellitus, hypertension,
stroke and OSAS. Although many studies have assessed the
correlation between OSAS and elevated liver enzymes, the
underlying mechanism remains unclear (8,20-22). However,
the etiopathogenesis is affected by many variables such as
cardiac and endothelial dysfunction, metabolic abnormalities,
increased vascular stiffness due to autonomic cardiovascular
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Figure 3. ROC curves and cut-off values for liver enzyme levels in determination of severe OSAS patients A) obese and non-obese

patient groups, B) obese patients, C) non-obese patients

ROC: Receiver operating characteristic, OSAS: Obstructive Sleep Apnoea syndrome
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Figure 4. ROC curves and cut-off values for uric acid excretion in determination of severe OSAS patients A) obese and non-obese

patient groups, B) obese patients, C) non-obese patients

ROC: Receiver operating characteristic, OSAS: Obstructive Sleep Apnoea syndrome

modulation, systemic inflammation and oxidative stress (8). In a
study of 270 patients, Bozkus et al. (8) assessed the correlation
between OSAS, hypertension and liver enzyme elevation and
stated that the increase in OSAS severity was associated with
increased GGT. Another study emphasized that probable liver
steatosis associated with obesity caused an increase in liver GGT

levels (22). In the current study, due to the large number of
groups and problems with interpretation of data, the groups
were not separated into those who were hypertensive and those
who were not. To evaluate the effect on the biliary system,
the ALP levels were examined as they are a good marker of
biliary epithelial cell destruction (23). In the comparison of

7
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Figure 5. Assessment of factors related to OSAS severity with multi-marker approach. Biomarkers were reclassified using NRI and IDI.

The rhombi mean values and lines are at 95% Cl

IDI: Integrated discrimination improvement, NRI: Net Reclassification index, OSAS: Obstructive Sleep Apnoea syndrome, Cl: Confidence interval

the current study obese group and non-obese group with the
control group, there was seen to be a significant increase in
GGT levels, and this GGT elevation was more pronounced in
obese patients. There was no difference between the groups
in respect of ALP levels and correlation analysis showed no
correlation between ALP levels and OSAS severity. The increase
in GGT was correlated with OSAS severity in the obese and non-
obese groups, in accordance with previous findings in literature,
although no correlation was observed in the non-obese group.
The increase in GGT can be considered to be associated with
obesity.

UA is a stable chemical among the ATP degradation products,
which is simple and cheap to measure, and has recently
been shown to be associated with hypoxia in OSAS patients
(15). Ozanturk et al. (15), evaluated 75 patients in respect
of the correlation between nocturnal normohypoxia and
nocturnal hypoxia with UAE and reported that UA excretion was
significantly higher in the nocturnal hypoxia group. Hirotsu et
al. (24) emphasized that it was not an appropriate biomarker,
as there was a strong relationship of hyperuricemia with OSAS
and therefore, UA metabolites should be considered in the
management of sleep apnea (24). In the current study, the
correlation between UAE and OSAS severity was assessed and
thyroid hormone levels and vitamin D levels in this panel. Some
previous studies have shown that both markers are associated
with OSAS severity. In the current study, no correlation was
identified between vitamin D and OSAS severity, while there
was a correlation between TSH levels and OSAS severity. Of

8

the parameters evaluated in this study, the parameter with
the second strongest correlation with OSAS severity was UAE.
Subgroup analysis identified this strong correlation in both
the obese groups and non-obese groups. Logistic regression
analysis demonstrated that UAE values contributed to OSAS
severity. These results were seen to be consistent with previous
findings reported in the literature.

Finally, the correlation between systemic inflammation and
OSAS severity was assessed in this study, using a panel which
included NLR, PLR and MHR. To the best of our knowledge,
MLR has not been assessed in any previous study, so this was
evaluated for the first time to determine whether it contributed to
OSAS severity. OSAS and OSAS-linked intermittent hypoxia are
known to cause inflammation, oxidative stress and endothelial
dysfunction, which are held responsible for cardiovascular
diseases associated with OSAS (8). In these types of conditions,
some studies have reported that HDL cholesterol contributes to
the body’s defence system (7,25). MHR is a new cardiovascular
prognostic marker that has recently been the focus of attention
as a consequence of an association with severe cardiovascular
diseases seen at an increased rate in the general population
(26,27). A recent study clearly revealed a correlation between
increased MHR and OSAS severity (7). LDL cholesterol, unlike
HDL cholesterol, is a well-known biochemical marker with
oxidant activity (7,25). However, to date there has been no
study in literature which has examined the correlation of OSAS
severity with monocyte and LDL cholesterol. The results of the
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current study showed that the biomarker with the greatest
correlation to OSAS severity when inflammatory markers are
assessed is the increase in MHR. Furthermore, both parameters
were observed to be significantly correlated in both obese
patients and non-obese patients. When logistic regression
analysis was applied to assess the impact of inflammatory
parameters on OSAS severity, the MHR level was identified as
making a highly significant contribution (p=0.001), while MLR
level showed a weak level of contribution (p<0.05).

When all the panels were compared with each other, the
parameters with the highest correlation with increased OSAS
severity were observed to be inflammatory system parameters.
The lipid panel was observed to be the other highly correlated
system (Figure 5). However, as there has been no similar study
in the literature, this topic could not be assessed on a literature
basis.

Study Limitations

Limitations of this study could be said to be that the patient
groups were not assessed in terms of conditions such as
hypertension or nocturnal hypoxia. However, considering the
grouping according to obesity and the large amount of data,
these parameters could be more appropriately assessed in
future studies.

Conclusion

OSAS has a multifactorial etiology and affects many systems as
disease severity increases. Therefore, to be able to improve the
quality of life of these patients, assessments should not just be in
terms of etiology, but the systems affected by OSAS should also
be kept in mind and diagnostic studies related to these systems
should be performed.
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