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Abstract

Purpose This study aimed at investigating the association of severity of obstructive sleep apnea with the markers of inflam-
mation as fibrinogen to albumin ratio and C-reactive protein to albumin ratio.

Methods We included 126 patients admitted to sleep disorders outpatient clinic. We constituted four groups by reference to
the apnea—hypopnea index (mild-moderate-severe sleep apnea and control group). We investigated the difference of white
blood cell, fibrinogen to albumin ratio, C-reactive protein to albumin ratio, neutrophil to lymphocyte ratio, platelet to lym-
phocyte ratio, and hemoglobin among the groups.

Results Neutrophil to lymphocyte ratio, platelet to lymphocyte ratio, and hemoglobin did not significantly differ among
four groups (p=0.39, p=0.06, and p=0.31, respectively). A significant difference of fibrinogen to albumin ratio and
C-reactive protein to albumin ratio was evident among four groups (p <0.001). Fibrinogen to albumin ratio and C-reactive
protein to albumin ratio did not significantly differ between the mild sleep apnea and control groups (p =0.65, and p=0.85,
respectively), but were significantly greater in moderate sleep apnea group compared with the control group (p <0.001 and
p=0.001, respectively). Also, fibrinogen to albumin ratio and C-reactive protein to albumin ratio were significantly greater
in the severe sleep apnea group compared with the control group (p <0.001). Fibrinogen to albumin ratio and C-reactive
protein to albumin ratio did not significantly differ between the severe sleep apnea and moderate sleep apnea groups (p =0.49,
and p =0.58, respectively).

Conclusion Higher fibrinogen to albumin ratio and C-reactive protein to albumin ratio may be predictive of inflammation
in patients with moderate-to-severe sleep apnea.
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Introduction

Obstructive sleep apnea syndrome (OSA), the most com-
mon sleep disorder, is characterized by recurrent episodes
of apnea and hypopnea that bring about temporary oxy-
gen desaturation. OSA influences approximately 4% of the
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population, also 35-45% of humans with obesity, and consti-
tutes an important health hazard posing an additional risk for
cardiovascular disorders like arrhythmias, arterial hyperten-
sion, coronary heart disease, and stroke [1]. Repetitive peri-
ods of hypoxia caused by transient respiratory interruption
increases the oxidative stress and systemic inflammation that
promotes the formation of tissue and cell damage in patients
with OSA [2]. OSA-related systemic inflammation may con-
tribute to the risk of development of various autoimmune
diseases like systemic lupus erythematous, Sjogren syn-
drome, rheumatoid arthritis, and ankylosing spondylitis [3].

C-reactive protein (CRP), a well-known acute phase
reactant, has been associated with a variety of diseases
thus far, including acute coronary syndrome, ischemic
stroke, and facial paralysis [4, 5]. In addition, a significant
association between CRP levels and some types of cancer
was reported [6]. Although levels of albumin, a negative
acute phase protein, decrease in cases of acute inflamma-
tion, it decreases mainly in chronic inflammation and bad
nutritional conditions. The evaluation of CRP to albumin
ratio (CAR) may have a prognostic significance in short-
and long-term inflammation. Another acute phase reactant,
plasma fibrinogen, is one of the most important coagulation
proteins increasing in inflammatory diseases [7]. Fibrinogen
to albumin ratio (FAR) was reported as a predictive marker
for the severity of various type of diseases [7-9].

Although several studies have evaluated the association of
some inflammatory markers with OSA [10, 11], no previous
study investigated the association of FAR and CAR with the
severity of OSA, to the best of our knowledge.

The goal of this prospective, controlled, clinical study
was to investigate the association of severity of OSA with
the markers of chronic inflammation including FAR, CAR,
Neutrophil to lymphocyte ratio (NLR), Platelet to lympho-
cyte ratio (PLR), and white blood cell (WBC). We included
these blood parameters in our analysis because of their
potential association with the systemic inflammatory base
of OSA. Additionally, providing the cut-off values of sig-
nificant inflammation markers was the secondary goal of
this study.

Materials and methods
Patients, groups* and study design

This prospective, controlled, clinical study was conducted
in line with the dictates of the World Medical Association
Declaration of Helsinki and approved by the local ethic com-
mittee (IRB Number: 90139838-000-E.44913). We included
126 patients from two different institutions who were admit-
ted to sleep disorders outpatient clinic. We took a detailed
medical history of all patients, performed a comprehensive
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otolaryngologic and rhinologic examination, a laboratory
analysis and a whole-night PSG (type 1) (Alice® 5 Diag-
nostic Sleep System, Respironics, Murrysville, PA, USA,
linked to the Alice® Sleepware™ software). Excluded from
the study were the patients with any systemic, autoimmune,
inflammatory and/or nutritional disease that might affect the
level of blood parameters, pregnancy, acute trauma, and a
history of malignancy. We recruited the data of the patients
who were admitted to outpatient clinic of sleep disorders
with any compliant related to sleep disorders including
snoring, witnessed apnea, daytime sleepiness, insomnia
and periodic leg movements, etc., and those patients that
had undergone PSG for the anxiety of having OSA (without
any symptom of OSA). Among these patients, the patients
of who we were sure that they did not have OSA [those with
apnea—hypopnea index (AHI) under 5] were included in the
control group. Thus, we ensured that our control group did
not contain any patient with OSA. The study groups con-
sisted of the patients with the diagnosis of OSA (those with
AHI over 5). For the comparison of blood test parameters,
we constituted four groups by reference to the AHIs of the
patients: The control group (AHI <5), the mild OSA group
(AHI=6-15), the moderate OSA group (AHI=16-30) and
the severe OSA group (AHI > 30).

Laboratory evaluation

We used an automated blood cell counter for complete blood
count (Mindray BC-6000, Shenzhen, China). We analyzed
Serum albumin levels using Abbott C8000i (Abbott Park, IL,
USA) automatic photometry commercial kits. We measured
Serum CRP levels using nephelometric method (AU5800
System; Beckman Coulter Inc, Brea, CA, USA) and fibrino-
gen levels by Clauss method using a BCS Analyzer (Mul-
tifibren U; Siemens Healthcare, Erlangen, Germany). We
noted the blood test parameters including hemoglobin (Hgb),
fibrinogen, CRP, neutrophil count, lymphocyte count, plate-
let count, WBC and albumin. Then, we calculated FAR,
CAR, NLR and PLR values of the groups.

First, we compared the FAR, CAR, NLR, PLR, Hbg and
WBC values of the groups. Then, we investigated the most
significant indicator parameter associated with the severity
of OSA.

Statistical analysis

Results are presented as mean =+ standard deviation for nor-
mally distributed data and median (min-max) for abnor-
mally distributed data. To investigate the distribution pattern
of the data, we used Kolmogorov—Smirnov normality test.
We used One-way analysis of variance (ANOVA) to com-
pare the mean WBC values of the groups and Kruskal-Wal-
lis test to compare the median FAR, CAR, NLR, PLR and
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Hbg values of the groups. For advanced comparisons of FAR
and CAR, we used Mann—Whitney U test, as post-hoc test.
To detect the most significantly associated parameter with
the severity of OSA, and to determine the cut-off values, we
used receiving operator characteristics (ROC) curve analysis
test. For statistical analysis of all data, we used SPSS 16.0
software for Windows (SPSS Inc., Chicago, IL, USA). We
considered a p value less than 0.05 as statistically significant.
Additionally, for post-hoc comparison tests, we used Bonfer-
roni correction of four groups (hexed combination) and a p
value less than 0.008 (0.05/6) was considered statistically
significant.

Results

One hundred twenty-six patients were eligible for the study.
The mild OSA group consisted of 39 patients (20 males
and 19 females, mean age: 48 + 12), the moderate OSA
group consisted of 33 patients (17 males and 16 females,
mean age: 49 +10), the severe OSA group consisted of 26
patients (13 males and 13 females, mean age: 50+ 10) and
the control group consisted of 28 patients (13 males and
15 females, mean age: 48+ 11). The groups were age and
gender- matched (p=0.9).

The mean WBC values and the median FAR, CAR,
NLR, PLR and Hgb values of the groups are presented in
Table 1. One-way ANOVA analysis revealed that the mean
WBC values did not significantly differ among four groups
(p=0.24). According to the Kruskal-Wallis test, median
NLR, PLR and Hgb values did not significantly differ among
four groups (p=0.39, p=0.06, and p=0.31, respectively).
However, a statistically significant difference of median FAR
and CAR was evident among four groups (p <0.001).

Advanced comparisons revealed that both median FAR
and CAR values did not significantly differ between the
mild OSA group and the control group (p =0.65, and
p=0.85, respectively). On the other hand, both median
FAR and CAR values were significantly greater in the

moderate OSA group compared with the control group
(p<0.001, and p=0.001, respectively). Additionally, both
median FAR and CAR values were significantly greater
in the severe OSA group compared with the control group
(p<0.001). However, median FAR and CAR values did
not significantly differ between the severe OSA and mod-
erate OSA groups (p =0.49, and p=0.58, respectively).
Thus, we found that moderate to severe OSA was signifi-
cantly associated with elevated FAR and CAR levels.
Figure 1 represents the graph of ROC analysis in which
FAR and CAR were included as an indicator of moderate
to severe OSA. The area under curve of FAR was greater
(0.856) than of CAR (0.766). The cut-off value of FAR for
moderate to severe OSA was found as 70.76, with a sensi-
tivity of 79% and specificity of 72%. In addition, the cut-
off value of CAR for moderate to severe OSA was found
as 0.81, with a sensitivity of 74% and specificity of 72%.
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Fig.1 The graph of ROC curve analysis

Table 1 The mean WBC values and the median FAR, CAR, NLR, PLR and Hgb values of the groups

WBC (K/pL) FAR CAR

NLR PLR Hgb (g/dL)

Control

Mild OSA
Moderate OSA
Severe OSA

p value

7.40+1.78
7.72+1.26
7.94+09
7.718+0.84
0.24%

65.2 (38.6-120.9)
61.5 (41.8-90.9)
93 (49.8-139.8)
93.4 (53.2-140.4)

<0.001° <0.001°

0.59 (0.21-1.38)
0.64 (0.01-1.47)
1.09 (0.21- 2.5)

1.16 (0.21-2.24)

1.74 (1.36-3.14)
1.76 (1.11-3.48)
1.56 (0.82-3.29)
1.86 (1.19-3.2)
0.39°

134.3 (72.4-186.9)
130.9 (69.6-228.1)
108.3 (49.2-182)
107.4 (87.6-178.9)
0.06°

14 (11.5-15.5)
14.2 (13.1-16.4)
14.1 (13.2-15.2)
14 (13.1-16.3)
0.31°

OSA Obstructive Sleep Apnea Syndrome, WBC white blood cell, FAR fibrinogen to albumin ratio, CAR C- reactive protein to albumin ratio,
NLR neutrophil to lymphocyte ratio, PLR platelet to lymphocyte ratio, Hgb hemoglobin

2One-way ANOVA
YKruskal-Wallis test

@ Springer



854

European Archives of Oto-Rhino-Laryngology (2021) 278:851-855

Discussion

Increased levels of inflammatory parameters as FAR and
CAR might have a clinical implication as markers of the
severity of OSA. In this study, the FAR and CAR levels
of the patients with moderate-to-severe OSA were signifi-
cantly greater compared with the control patients. On the
other hand, FAR and CAR levels were not associated with
mild OSA. These results suggest the FAR and CAR as the
predictors of moderate-to-severe OSA.

OSA is caused by repetitive upper respiratory collapse
that occurs during sleep and might have a significant
association with the increase in systemic inflammatory
markers. Hypoxia, caused by obstruction in the upper res-
piratory tract, might be the main cause of this increase in
inflammatory process and markers. In addition, a posi-
tive correlation was found between OSA and cardiovas-
cular/cerebrovascular diseases [12]. In patients with OSA,
oxygen desaturation caused by apnea periods, along with
increased negative intrathoracic pressure and sympathetic
system activation, triggers a series of humoral, neural,
metabolic and thrombotic events that may cause ather-
osclerosis, and many of these conditions are associated
with inflammation [13]. Previous studies investigated the
association of several inflammatory markers like WBC,
NLR and PLR with OSA. Wu et al. [14] published a meta-
analysis about the hematological parameters used to deter-
mine the severity of OSA. Koseoglu et al. [15] reported
decreased PLR levels in patients with OSA, but NLR lev-
els of OSA patients were not different from the NLR levels
of the controls. In our study, no statically significant dif-
ference of WBC, NLR and PLR was evident between OSA
groups and control group. Our results suggest that WBC,
NLR and PLR might be insufficient for prediction of the
severity of OSA.

CRP, an acute phase reactant, is produced by hepato-
cytes in the liver in response to cytokines during inflam-
matory events and significantly increases due to inflam-
mation and infection. In the prior literature, a positive
correlation was reported between inflammation/infection
severity and CRP levels [16]. Albumin, a negative acute
phase protein, helps interpret the prognosis of related
events in inflammation and infection processes and is also
closely associated with the oxidative stress. In our study,
we found significantly greater CAR values in moderate
to severe OSA patients compared with the control group.
Increased incidence of cardiovascular and autoimmune
diseases related to chronic inflammation in patients with
OSA might be associated with higher CAR values. Based
on our results, we can assume that greater CAR values
in moderate-to-severe OSA patients might be predictive
of inflammation and the complications that may develop.

@ Springer

Many previous studies reported that patients with OSA
had an increased risk of cardiovascular and cerebrovascu-
lar events [17]. Fibrinogen, another acute phase reactant, is
the main plasma coagulation factor synthesized by hepato-
cytes. On the other hand, there is a reverse relationship
between serum levels of albumin and inflammatory condi-
tions. Additionally, OSA may cause a decrease in serum
albumin levels due to an increased inflammatory process.
An association of hypoalbuminemia with endothelial dys-
function, another possible cause of cardiovascular events
in OSA patients, was found; and decreased albumin levels
was reported to cause an increase in blood viscosity, and
thence endothelial dysfunction [18]. Thus, increased FAR
was identified as a potential risk factor for cardiovascular
diseases [8]. We determined that the FAR values were sig-
nificantly greater in moderate to severe OSA group com-
pared to the controls (p <0.001). Thus, we can hypoth-
esize that greater FAR values in patients with moderate
to severe OSA might be an indicator of cardiovascular
complications. Moreover, our comprehensive literature
review revealed that no previous study investigated the
association of FAR with OSA.

In the ROC curve analysis to test the capacity of FAR
and CAR in demonstrating the severity of OSA, the area
under curve of FAR was greater than of CAR. The cut-off
value of FAR for moderate to severe OSA was found as
70.76, with a sensitivity of 79% and specificity of 72%. In
addition, the cut-off value of CAR for moderate to severe
OSA was found as 0.81, with a sensitivity of 74% and
specificity of 72%. These results suggest that both FAR
and CAR are associated with moderate to severe OSA;
however, FAR has a higher predictive value for severity
of OSA. Nonetheless, physicians may use both parameters
for prediction of OSA severity, since the sleep- disordered
patients with FAR value over 70.76 and CAR value over
0.81 carry the risk of having moderate to severe OSA.
However, no inflammatory marker (including FAR and
CAR) can be replaced to polysomnography, because whole
night polysomnography is the gold standard method for
diagnosing and classifying (based on the severity) the
patients with OSA. FAR and CAR cannot be an alter-
native of polysomnography but might be used by sleep
physicians to determine the priority of OSA patients for
polysomnography. A priority for polysomnography (as an
earlier appointment) might be given to the patients with
increased FAR and CAR because of the increased risk of
having moderate-to-severe OSA.

Our study provided the predictive blood parameters of
moderate to severe OSA, however, the major limitation was
the relatively small sample size, leading the lack of gener-
alization. Thus, our results need a confirmation by further
prospective-multicenter investigations utilizing larger study
populations.



European Archives of Oto-Rhino-Laryngology (2021) 278:851-855

855

Conclusion

In conclusion, higher FAR and CAR values may be predic-
tive for inflammation in patients with moderate-to-severe
OSA. Both FAR and CAR might be considered as the novel
potential parameters to predict the severity of OSA. The
sleep-disordered patients with FAR value over 70.76 and
CAR value over 0.81 have the risk of having moderate-to-
severe OSA.
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