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Systemic inflammation is important in obstructive sleep apnea (OSA) pathophysiology and its comorbidity. We aimed to
assess the levels of inflammatory biomarkers in a large sample of OSA patients and to investigate any correlation between
these biomarkers with clinical and polysomnographic (PSG) parameters. This was a cross-sectional study in which 2983
patients who had undergone a polysomnography for OSA diagnosis were recruited. Patients with known comorbidities
were excluded. Included patients (n = 1053) were grouped according to apnea-hypopnea index (AHI) as mild, moderate,
and severe. Patients with AHI< 5 served as controls. Demographics, PSG data, and levels of high-sensitivity C-reactive
protein (hs-CRP), fibrinogen, erythrocyte sedimentation rate (ESR), and uric acid (UA) were measured and compared
between groups. A significant difference was found between groups in hs-CRP, fibrinogen, and UA. All biomarkers were
independently associated with OSA severity and gender (p < 0 05). Females had increased levels of hs-CRP, fibrinogen, and
ESR (p < 0 001) compared to men. In contrast, UA levels were higher in men (p < 0 001). Our results suggest that
inflammatory markers significantly increase in patients with OSA without known comorbidities and correlate with OSA
severity. These findings may have important implications regarding OSA diagnosis, monitoring, treatment, and prognosis.
This trial is registered with ClinicalTrials.gov number NCT03070769.

1. Introduction

Obstructive sleep apnea (OSA) is a highly prevalent sleep
disorder and may soon be among the most common
chronic diseases in industrialized countries [1]. Recent
data from the United States and Europe suggest that
between 14% and 49% of middle-aged men has clinically
significant OSA [2]. Furthermore, it represents an evolving
public health challenge, due to the associated impairment
in quality of life (QOL) and functional capacity, alongside
with the increased risk of medical comorbidities and mor-
tality [3]. In particular, the relationship of OSA with car-
diovascular comorbidity is among the areas of interest.
The periodic upper airway collapse occurring during sleep
in OSA patients induces chronic intermittent hypoxia,
which is thought to promote cardiovascular disease through

oxidative stress, sympathetic activation, and systemic and
vascular inflammation [4–6].

Recent data have focused on the association between
inflammatory biomarkers and OSA severity, as well as the
prediction of cardiovascular events in patients with OSA
[3]. Fleming et al. suggested that various clusters of bio-
markers have an even greater association with OSA, repre-
senting physiologic signatures of the disorder that may have
value in initial screening for OSA as well as for follow-up of
therapy response [7]. There are variable biomarkers that are
indices of systemic inflammation such as C-reactive protein
(CRP), fibrinogen, erythrocyte sedimentation rate (ESR),
and uric acid (UA) [8–14].

CRP, a major circulating marker of inflammation, mainly
produced in the liver, is one of the best predictors for future
cardiovascular morbidity [6, 15, 16]. CRP has been extensively
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studied in OSA and is often found elevated in OSA patients,
especially in association with obesity, dyslipidemia, diabetes,
and cardiovascular diseases [6, 17–19]. Fibrinogen, a major
coagulation protein associated with inflammation, seems to
be an important biomarker for cardiovascular risk [20], and
its levels have been found to be directly related to apnea-
hypopnea index (AHI) and arousal index (AI) and inversely
related to mean and lowest oxygen saturation during sleep
[21]. ESR which measures the tendency of red blood cells to
aggregate is a widely used laboratory test of inflammation
and directly associated with atherosclerosis [22, 23]. How-
ever, there have been only few reports on the correlation
between the severity of OSA and plasma ESR levels. The
results of a small retrospective study suggested that there
may be a positive association between the plasma ESR level
and nocturnal oxygen desaturation in obese patients [24].
Moreover, levels of ESR, high-sensitivity CRP (hs-CRP),
and fibrinogen have been all found significantly higher in
OSA patients compared to controls [25]. Additionally, other
studies [12, 26, 27] indicated an association between serumUA
levels, which is another inflammatory marker, with the
presence of OSA. However, all the abovementioned markers
have been studied mainly in a small number of OSA patients,
in the presence of comorbidities, potentially affecting the
above results.

The aim of this study was to investigate possible relation-
ship between OSA and biomarkers of inflammation in a large
number of OSA patients without comorbidities. Specifically,
we aimed to assess the circulating levels of four inflammatory
markers, hs-CRP, fibrinogen, ESR, and UA, in a large popu-
lation of consecutively enrolled, untreated and otherwise
healthy OSA patients. A secondary objective was to investi-
gate potential correlation between these markers and clinical
and polysomnographic (PSG) parameters of OSA patients.

2. Materials and Methods

2.1. Study Population. We conducted a single-center, cross-
sectional study of patients who had undergone a PSG study

for OSA diagnosis. Between June 2012 and June 2016,
2983 consecutive patients, who were admitted to the Sleep
Disorders Center, Department of Thoracic Medicine, Med-
ical School, University of Crete, for evaluation of suspected
sleep-disordered breathing, were considered as potential
recruits for this study. The exclusion criteria were as follows:
refusal to participate, previous OSA diagnosis and treatment,
subjects younger than 18 years, central sleep apnea syndrome
(CSAS) diagnosed with PSG, known comorbidities (malig-
nancy; diagnosis of chronic obstructive pulmonary disease;
interstitial lung disease; asthma; diabetes mellitus; hyper-
lipidemia; hypertension; cardiovascular disease, such as
coronary artery disease and heart failure; cerebrovascular
disease; renal or hepatic dysfunction; hematological or
inflammatory diseases; endocrine disease; and liver and
gastrointestinal disorders), pregnancy, and history of narco-
lepsy or restless leg syndrome. We also excluded patients
having active infections and those currently using steroids,
testosterone supplements, DHEA, or pain medications.

On the basis of the above criteria, 1940 patients were
excluded (Figure 1). Included patients (n = 1053) were
grouped according to AHI as mild, moderate, and severe.
Patients with AHI< 5 served as the control group. All
subjects provided written informed consent, and ethical
approval was provided by the University Hospital Ethics
Committee (approval number: 7370).

2.2. Initial Visit/Evaluation Data Collection. All patients
underwent a detailed clinical evaluation that included age,
body mass index (BMI), medical history focused on sleep-
related symptoms, associated conditions and comorbidities,
smoking history, and alcohol intake. Subjective daytime
sleepiness was assessed by the Epworth sleepiness scale
(ESS) [28]. Spirometry and arterial blood gas analyses were
within the normal range in all participants, and blood
pressure measurements were below 130/80mmHg.

2.3. Polysomnography (PSG). All patients underwent a single-
night full diagnostic PSG study (Alice 5, Diagnostics System,

(i) Chronic obstructive pulmonary

(ii) Idiopathic pulmonary fibrosis: 20
(iii) Asthma: 92
(iv) Diabetes: 255
(v) Hypertension: 751

(vii) Heart failure: 5
(viii) Atrial fibrillation: 5

(ix) Cerebrovascular disease: 13
(x) Hyperlipidemia: 445

(xi) Inflammatory disease: 22
(xii) Malignancy: 6

(vi) Coronary heart disease: 25

Assessed for eligibility
(n=2983)

Participated (n=1053)

Mild OSA
(n=240)

Moderate OSA
(n=233)

Excluded
(n=1940)

Severe OSA
(n=385)

Controls
(n=190)

disease: 263

Figure 1: Study flow chart.
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Respironics, USA) according to standard techniques, with
monitoring of the electroencephalogram (EEG), electro-
oculogram (EOG), electromyogram (EMG), flow (by orona-
sal thermistor and nasal air pressure transducer), thoracic
and abdominal respiratory effort (by respiratory induction
plethysmography), oximetry, and body position. Snoring
was recorded by a microphone placed on the anterior
neck. Based onmanufacturer’s recommendations, equipment
maintenance and calibration prior to each patient’s polysom-
nography was performed. Polysomnographic recordings
were manually interpreted over 30-second periods, by skilled
staff, in accordance with the current American Academy of
Sleep Medicine (AASM) guidelines [29]. The scorer was
always the same person, who was blinded to the origin of
the data. The determination of sleep stages and arousals
was performed according to the AASM 2012 criteria, using
EEG montages including frontal, central, and occipital
leads. The definition of apnea and hypopnea followed the
AASM standard criteria [29]. The apnea-hypopnea index
(AHI), calculated as the number of apneas and hypopneas
per hour of sleep, was used to diagnose OSA and assess
its severity. OSA was considered mild if ≥5AHI≤ 15 per
hour, moderate if >15AHI< 30 per hour, and severe if
AHI≥ 30 per hour.

2.4. Blood Collection and Analysis. Venous blood was col-
lected in all subjects for biomarker measurements between
8:00 and 9:00 AM, following an overnight fast, shortly after
the conclusion of the overnight PSG. All venous samples
were centrifuged, and serum was separated into multiple
aliquots and stored at −80°C until assay. CRP levels were
measured by means of particle-enhanced immunonephelo-
metry using BN Systems (Dade Behring Inc., Newark, USA).
Fibrinogen levels in plasma were measured by coagulation
method. The ESR was determined by the classic Westergren
method. Additionally, in the sample of blood serum, UA
was measured (enzymatic colorimetric method).

2.5. Statistical Analysis. Results are presented as mean±
standard deviation (SD) for continuous variables if nor-
mally distributed and as median (interquartile range) if
not. Qualitative variables are presented as absolute number
(percentage). For comparisons between groups, a two-tailed
t-test for independent samples (for normally distributed
data) or a Mann–Whitney U test (for nonnormally distrib-
uted data) was utilized for continuous variables and the
chi-square test for categorical variables. Correlation coeffi-
cients were calculated using the Pearson or Spearman (for
nonnormally distributed data) correlation test. As indepen-
dent variables, we included clinically relevant variables: age,
gender, BMI, ESS, smoking history, AHI, oxygen desatura-
tion index (ODI), AI, mean and minimum SaO2, and sleep
time spent with SaO2 less than 90% (TST90). These
variables associated with the four biomarkers at a statistical
level of 0.10 were included in multivariable analysis. Multi-
variate linear regression analysis was used to examine any
association of OSA severity (defined by AHI) with the four
biomarkers, after controlling for the potential confounders
that were found to be significant. Results were considered

significant when p values were <0.05. Data were analyzed
using PAWP 17.0 software (SPSS Inc., Chicago, IL).

3. Results

3.1. Patient Characteristics and Polysomnographic Findings.
One thousand and fifty-three subjects (792 males, 261
females) participated in the study. Using AHI scores for
classification of severity resulted in 190 controls (18%),
240 subjects with mild OSA (22.8%), 233 with moderate
(22.1%), and 385 with severe OSA (36.6%). The clinical
variables collected for the four severity groups are summa-
rized in Table 1. Age, gender, BMI, and ESS score were signif-
icantly different between the four groups (p < 0 001).
Smoking was not different between all groups although it
was more prevalent in the severe OSA group compared to
control and mild OSA groups (p = 0 036 and p = 0 028,
resp.). As expected, AHI, ODI, mean SaO2, min SaO2, and
TST 90 were worsened as the severity of OSA increased.

3.2. Inflammatory Biomarkers. There was a statistically
significant difference between groups in median hs-CRP
and fibrinogen levels (p = 0 002 and p = 0 009, resp.). This
seemed to be principally driven by the severity of OSA, since
hs-CRP and fibrinogen were found elevated only in severe
OSA (AHI> 30) compared to mild OSA (0.4 versus 0.2,
p < 0 001 and 314.5 versus 296, p = 0 003, resp.) (Figure 2).
Furthermore, UA levels were significantly different between
all groups (p < 0 001), apart from mild versus moderate
group (p = 0 12). There were no significant differences
between all groups for ESR (p > 0 05).

To further analyze the relationship between biomarkers
levels and OSA, we categorized these variables into high
or low levels (Table 2). Hs-CRP was elevated (≥1mg/dL)
in moderate and severe compared to mild OSA patients
(p = 0 02 and p = 0 008, resp.), fibrinogen was elevated
(>400mg/dL) in severe compared to moderate (p = 0 016),
and UA was elevated (>7mg/dL) in severe compared to con-
trol and mild (p = 0 001 and p = 0 008) as well as in moderate
compared to controls (p = 0 036). There were no significant
differences in the percentages of subjects with elevated ESR
(>30mm/hr) between all groups (p > 0 05).

3.3. Correlations and Multivariate Regression Analysis.
Across all subjects, significant correlations were observed,
with all biomarkers showing the strongest association with
gender, BMI, and measures of OSA severity (AHI, ODI,
and minimum andmean sleeping SaO2) (p < 0 001). Further-
more, all biomarkers, apart from fibrinogen (p = 0 12), were
correlated with TST90 (p < 0 001). Fibrinogen was correlated
with active smoking (p = 0 001), ESR with age (p < 0 001),
and UA with AI (p < 0 001). No correlation was noted
with active smoking and hs-CRP (r = 0 02, p = 0 6), ESR
(r = −0 05, p = 0 17), and UA (r = −0 05, p = 0 2) levels.

Using stepwise multiple linear regression models, the
effect of OSA severity on levels of inflammatory markers
was measured after adjusting for the potential confounders
that were found to be significant (such as gender, BMI, and
active smoking). Significant associations between hs-CRP
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(p = 0 035), ESR (p = 0 005), UA (p = 0 008), and AHI were
sustained even after adjusting for confounders. Although
AHI did not remain a statistically significant predictor for
fibrinogen, a significant association was still found between
fibrinogen and ODI (p = 0 01). Moreover, ESR was still
associated with ODI (p = 0 001) and min SaO2 (p = 0 01)
and UA with ODI (p = 0 001) and mean (p = 0 042) and
min SaO2 (p = 0 005) after adjusting for confounders.

3.4. Subgroup Analysis by Gender. Since gender was among
the strongest correlated factors in all four biomarkers, we
divided the patients into male and female groups to eliminate
this confounding factor. Females were older (43.7± 13.3

versus 41.6± 12.1, p = 0 017) with higher BMI (34.3 (15)
versus 30.1 (6), p < 0 001) compared to males; meanwhile,
no difference was noted in the percentage of active smokers
(34.5% versus 40%, p = 0 11) between these two groups. In
the entire cohort, females had increased levels of hs-CRP
(0.69 versus 0.25, p < 0 001), fibrinogen (333.0 versus 299.1,
p < 0 001), and ESR (18 versus 6, p < 0 001) compared to
men. In contrast, UA levels were elevated in males compared
to females (5.6 versus 4.2, p < 0 001). Then, patients’ results
were divided into 4 groups according to the OSA severity
(Figures 3 and 4). Statistically significant changes in all
biomarkers between groups were noted in both males and
females (p < 0 05). Importantly, hs-CRP, fibrinogen, and
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Figure 2: Serum high-sensitivity CRP (hs-CRP), fibrinogen, erythrocyte sedimentation rate (ESR), and uric acid (UA) are elevated in OSA
patients. (a) Serum hs-CRP is found elevated only in severe compared to mild OSA patients but not in control, mild, or moderate OSA
patients. ∗p < 0 05 versus mild group. (b) Serum fibrinogen is found elevated only in severe compared to mild OSA patients but not in
control, mild, or moderate OSA patients. ∗p < 0 05 versus mild group. (c) There were no significant differences between all groups for ESR
(p > 0 05). (d) UA levels are significantly different between all groups, apart from mild versus moderate groups. ∗p < 0 05 versus mild,
moderate, and severe groups. ∗∗p < 0 05 versus control and severe groups. #p < 0 05 versus control and severe groups. §p < 0 01 versus
control, mild, and moderate groups.
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ESR were significantly elevated in women compared to men
in almost all OSA groups (p < 0 05), in contrast with UA
which was significantly elevated in men in all OSA groups
(p < 0 001) (Figure 5).

Finally, we evaluated the relationship between the four
biomarkers and demographics and PSG parameters sepa-
rately for men and women. Significant correlations were
observed, with all biomarkers still showing a strong associa-
tion with BMI (p < 0 001), AHI, ODI, and mean and min
SaO2 (p < 0 01) in both gender groups. In males, stepwise
multiple regression showed that after adjustment for con-
founders hs-CRP was still associated only with TST90

(p < 0 001), fibrinogen with AHI (p = 0 013) and ODI
(p < 0 001), and ESR with ODI (p = 0 006) and mean
SaO2 (p = 0 04). In females, hs-CRP (p < 0 001), fibrino-
gen (p < 0 001), and ESR (p < 0 001) were associated only
with BMI. UA was still associated with ODI (p = 0 042)
in men and min SaO2 (p = 0 042) in females.

3.5. Subgroup Analysis by BMI. Of the 1053 subjects, 116
(11%) had normal BMI, 363 (34.5%) were overweight, and
574 (54.5%) were obese. As BMI was also among the stron-
gest correlated factors in all four biomarkers, we analyzed
separately and according to OSA severity the subgroup of
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Figure 3: Serum high-sensitivity CRP (hs-CRP), fibrinogen, erythrocyte sedimentation rate (ESR), and uric acid (UA) in males according to
OSA (obstructive sleep apnea) severity. (a) Serum hs-CRP is found elevated only in severe compared to mild OSA patients but not in control,
mild, or moderate OSA patients. ∗p = 0 001 versus mild group. (b) Serum fibrinogen is found elevated in severe and moderate compared to
mild OSA patients but not in control and mild OSA patients. ∗p = 0 02, ∗∗p = 0 001 versus mild group. (c) ESR levels are significantly different
between all groups, apart from mild versus moderate (p = 0 98) and moderate versus severe groups (p = 0 06). ∗p < 0 05 versus mild,
moderate, and severe groups. ∗∗p < 0 05 versus control and severe groups. #p < 0 05 versus control. §p < 0 05 versus control and mild
groups. (d) UA levels are significantly elevated in severe compared to control, mild, and moderate groups. ∗p < 0 001 versus severe group.
∗∗p < 0 001 versus severe group. #p < 0 05 versus severe group. §p < 0 05 versus control, moderate, and severe groups.
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OSA patients with normal BMI in order to eliminate this
confounding factor. Using AHI scores for classification of
severity resulted in 66 controls (57%), 24 subjects with mild
OSA (21%), 15 with moderate (13%), and only 11 with severe
OSA (9%).

Age, gender, and BMIwere significantly different between
the four groups (p < 0 05), but no significant difference was
found in smoking status (p > 0 05). There were no signifi-
cant differences between all groups for hs-CRP, fibrinogen,
and UA (p > 0 05). However, there was a statistically sig-
nificant difference between groups in median ESR levels

(p = 0 002). Significant correlations were observed, with
hs-CRP showing association only with min SaO2 (p = 0 009)
and TST90 (p = 0 001); fibrinogen with AHI (p = 0 003),
ODI (p = 0 004), SaO2 mean (p = 0 008), and age (p = 0 022);
and UA with SaO2 min (p = 0 004), male gender (p < 0 001),
and BMI (p = 0 005). ESR was associated only with TST90,
but close to the margin of statistical significance (p = 0 076).
Stepwise multiple regression showed that after adjustment
for confounders hs-CRP was still associated only with
TST90 (p = 0 001), fibrinogen only with AHI (p = 0 003),
and UA only with male gender (p < 0 001).
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Figure 4: Serum high-sensitivity CRP (hs-CRP), fibrinogen, erythrocyte sedimentation rate (ESR), and uric acid (UA) in females according to
OSA (obstructive sleep apnea) severity. (a) Serum hs-CRP is found elevated in severe compared to control and mild OSA patients. ∗p < 0 001
versus severe group, ∗∗p < 0 05 versus severe group, #p < 0 05 versus control and mild groups. (b) serum fibrinogen is found elevated in severe
compared to control and moderate OSA patients. ∗p = 0 01 versus severe group, ∗∗p = 0 026 versus severe group, #p < 0 01 versus control and
moderate groups. (c) ESR levels are significantly elevated in controls compared to moderate and severe groups. ∗p < 0 05 versus moderate and
severe groups. ∗∗p = 0 02 versus controls. #p < 0 001 versus controls. (d) UA levels are significantly different between all groups, apart from
mild versus moderate group (p = 0 15). ∗p < 0 05 versus mild, moderate, and severe groups. ∗∗p < 0 05 versus control and severe groups.
#p < 0 05 versus control and severe groups. §p < 0 01 versus control, mild, and moderate groups.
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4. Discussion

OSA has been increasingly implicated in cardiovascular
and cerebrovascular diseases [30–32]. The pathophysiologic
mechanisms underlying these relationships remain unclear,
but there is evidence to implicate vascular inflammation.
Low-grade inflammation as a mechanism of cardiovascular
alteration has been largely studied in OSA patients, with
inflammatory biomarkers as particular targets. In order to
investigate how early inflammatory mechanisms may be
altered in OSA, we evaluated the association between OSA

and levels of four circulating inflammatory biomarkers in a
large population of consecutively enrolled subjects with a
clinical suspicion of OSA. The current study recruited only
those OSA patients who were newly diagnosed, treatment
naive, and without any chronic or acute comorbidities;
therefore, the elevated levels of plasma hs-CRP, fibrinogen,
and UA in severe OSA patients reported were not caused
by their presence. Interestingly, our results indicate that
females diagnosed with OSA had higher levels of hs-CRP,
fibrinogen, and ESR than men; conversely, men had higher
UA levels than females in all groups of OSA severity.
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Figure 5: Serum high-sensitivity CRP (hs-CRP) (a), fibrinogen (b), erythrocyte sedimentation rate (ESR) (c), and uric acid (UA) (d)
according to gender and OSA severity.
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We subsequently demonstrated important associations
between biomarker levels and gender, BMI, and measures
of OSA severity such as AHI, ODI, and mean and min
SaO2. As inflammation is now recognized to be a character-
istic of OSA [33], our finding of increased plasma levels in
hs-CRP, fibrinogen, and UA in severe OSA patients was
not unexpected. In addition, these biomarkers along with
ESR were strongly correlated with AHI, independently of
confounding factors, such as gender, BMI, and age, reinforc-
ing findings from other studies that demonstrate a robust
relationship between these biomarkers and OSA severity.

Hs-CRP has been the most studied inflammatory protein
to date and a frequently used marker to predict the
occurrence of cardiovascular diseases (CVDs). A number of
studies have demonstrated that hs-CRP is a significant risk
factor for atherosclerosis, and higher hs-CRP levels, even in
the high normal range (0.2 to 1.5mg/dL), are associated with
high cardiovascular morbidity and mortality in individuals
without known CVD [34–37]. Several authors have studied
the relationship between AHI and hs-CRP levels in OSA
patients, but the results are contradictory, possibly due to
the role of obesity [6, 17, 33, 38–42]. Obesity indeed repre-
sents a strong confounding factor that makes difficult to
study the respective implications of OSA severity in inflam-
matory biomarker alterations. However, in a recent meta-
analysis, patients with OSA had a statistically significant
higher level of CRP and this effect was positively influenced
by OSA severity [43]. We found a relationship between
OSA severity and hs-CRP concentrations in OSA patients
without comorbidities. This relationship, although attenu-
ated, remained significant after adjusting for BMI and
gender. Furthermore, we analyzed separately the subgroup
of OSA patients with normal BMI in order to eliminate the
effect of BMI. Although, there were no significant differences
between all groups for hs-CRP, fibrinogen, and UA, these
results should be interpreted with caution because of the
small sample size in the OSA severity subgroups in normal
BMI subjects (probably due to losing power, β-error).
Nevertheless, hs-CRP was still associated with TST90 and
fibrinogen with AHI.

OSA-induced hypoxic conditions as well as sleep archi-
tecture disturbances due to repeated arousals may be also
factors contributing to elevated levels of plasma fibrinogen
in OSA patients. Fibrinogen, an acute-phase protein syn-
thesized from the liver in response to infection and
inflammation, is emerging as an important biomarker for
cardiovascular risk [44, 45]. A recently published systemic
review has confirmed the significance of elevated fibrinogen
for prediction of future cardiovascular risk even in the
healthy, middle-aged population [46]. Fibrinogen levels are
increased in OSA patients [25, 47, 48], even after adjusting
for comorbidities such as arterial hypertension or coronary
artery disease, implicating hypercoagulability as a specific
underlying OSA mechanism [20]. In a recent study, AHI
was associated with CRP and fibrinogen, but these associa-
tions were substantially attenuated after adjustment for
BMI and comorbidities [11]. In our study, OSA severity,
as evidenced by oxygen desaturation index during sleep,
was associated with increased plasma fibrinogen level

independent of age, BMI, and active smoking, which is
in accordance with a previous study [21]. By contrast, in
one small study, hs-CRP and fibrinogen were not altered
in OSA patients [42].

Other markers of inflammation, such as ESR are less well
studied. The ESR, a cheap and widely used test, measures the
tendency of red blood cells to aggregate. It is elevated in many
of the acute and chronic inflammatory diseases [23] and has
a possible predictive value for cardiovascular disease [49].
However, there are not enough data concerning the correla-
tion between the severity of OSA and plasma ESR levels.
Levels of ESR, hs-CRP, and fibrinogen were all found to be
significantly higher in OSA patients compared to controls
[25]. Min and colleagues suggested that there may be a posi-
tive association between ESR levels and nocturnal oxygen
desaturation, although profound only in obese OSA patients
[24]. In the current study, the linear regression model pre-
sented showed important correlation between AHI, ODI,
and minimum SaO2 with ESR levels, even after controlling
for confounders such as gender and BMI.

Finally, UA has been linked to OSA mainly through
oxidative stress as a common pathway. Recurrent hypoxia,
associated with OSA, leads to an increase in the degrada-
tion of adenosine triphosphatase into xanthine, which in
turn increases uric acid concentrations [50]. Hyperuricemia
is strongly associated with cardiovascular disease in OSA
patients [51]. Previous studies observed an association
between the presence of OSA and increased serum uric acid
levels [26, 27, 52–54]. In a representative, large sample of
the population of Sao Paulo, a strong association was found
between UA levels and OSA, an association that remained
significant even after adjustment for confounding factors
such as gender, age, and BMI [12], in accordance with our
results. Furthermore, AHI shows a significant linear relation-
ship with UA [55]. It is worth noting that recently Kosacka
and colleagues found that OSA patients with increased UA
concentration have a higher risk of atherosclerosis, as indi-
cated by a higher level of soluble proatherogenic ligand
CD40, and a higher prevalence of cardiovascular adverse
events [56].

Previous studies that evaluated the association of OSA
with markers of inflammation were more prone to selection
bias than the current study, and most of them included few
or no women. The current study evaluates the association
between treatment naive OSA patients, without comorbidi-
ties and markers of inflammation. Furthermore, we included
a relatively large number of women. Gender differences in
systemic inflammation in relation to OSA have been previ-
ously reported. Higher CRP levels have been found in women
compared to men [57], probably due to a greater degree of
adiposity in women. Importantly, we also found that in
females, hs-CRP, fibrinogen, and ESR were significantly
elevated in women compared to men in almost all OSA
groups, in contrast with UA which was significantly elevated
in males. In males, hs-CRP, fibrinogen, and ESR were associ-
ated with indices of OSA severity, after adjustment for
confounders; however, in females, the same biomarkers
were associated independently only with BMI. UA was still
associated independently with OSA severity in both males
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and females. Previously, we have shown that female patients
with moderate to severe OSA had higher although not statis-
tically significant CRP values compared to matched males
[58], and Min et al. showed increased ESR in female OSA
patients [24]. More recently, Yardim-Akaydin et al. [59]
showed statistically significant increased values of CRP,
fibrinogen, and ESR in female OSA patients. In the present
study, although there were more males in our patient group,
the female gender seems to be more connected with increased
values of inflammatory biomarkers.

There are some limitations of the current study that
deserve comment. Firstly, the nature of cross-sectional
design could not allow us to draw causal relationship between
OSA and inflammatory biomarkers. Secondly, there were
differences between the OSA patients and control subjects,
as the OSA patients were older, mostly male and more obese;
nevertheless, we performed adjustment for these significant
clinical variables in our analysis. However, despite exten-
sively adjusted for potential confounding variables, unrecog-
nized biases regarding our findings still could not be ruled
out. Thirdly, the study population consisted of patients with-
out comorbidities; thus, the study results should be inter-
preted with caution in patients beyond this particular group.

Given the high prevalence of individuals with OSA and
the serious health consequences of untreated OSA, it is likely
that detection of OSA-induced subclinical disease, such as
vascular inflammation revealed in our study, before the
appearance of symptoms, may be of value in initial screening
for OSA adding to pretest probability and therefore to refer-
rals for evaluation. Furthermore, inflammatory biomarker
levels may be involved in OSA severity and its cardiovascular
comorbidities and should be considered in sleep apnea man-
agement in the future. As healthcare providers should be
more aware of the significant health issues associated with
OSA, a simple, timely blood test to identify individuals with
suspected OSA and related cardiovascular consequences is
of critical importance.

5. Conclusion

In conclusion, increased values of systemic inflammatory
markers and their correlation with OSA severity observed
in our study suggest the independent involvement of inflam-
mation in OSA. However, the influence of gender should be
taken into account. These findings may have important
implications regarding OSA screening, diagnosis, treatment
monitoring, and prognosis.
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