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Abstract
Aim: To investigate the association between Helicobacter pylori cytotoxin-associated gene-A (CagA)
status and the severity of OSA syndrome in infected patients.
Methods: Ninty-six patients with obstructive sleep apnea syndrome (OSAS) and 30 age- and sexmatched control subjects with no history of OSA or gastrointestinal complaints were included in the
study. Patients’ apnea-hypopnea index (AHI) was determined by polysomnography (PSG), and serum
H. Pylori IgG and cytotoxin-associated gene-A IgG was assayed by enzyme-linked immunosorbent assay
(ELISA). Based on their AHI score, subjects were assigned to one of three groups: a control group
(AHI<5), a mild-moderate OSAS group (AHI ≥ 5 and <30), and a severe OSAS group (AHI ≥ 30).
Results: The prevalence of H. pylori IgG seropositivity was significantly higher in the severe OSAS
group compared to the mild-moderate OSAS group [29 (90.6%) patients versus 41 (64%) patients,
(p=0.007)]. In addition, CagA seropositivity was present in 10 control patients (58.8%), 23 mildmoderate OSAS patients (56%), and 25 severe OSAS patients (86.2%). There was a significantly higher
prevalence of CagA seropositivity in the severe OSAS group compared to mild-moderate OSAS group
(p=0.027). There was no significant difference in CagA seropositivity between the mild-moderate OSAS
group and the control group (p=0.059).
Conclusion: Our findings suggest that H. pylori strains expressing CagA may be considered a risk factor
in the severity of OSAS.
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Introduction
H. pylori is a slow growing, spiral shaped, microaerophilic,
gram negative bacterium that colonizes the human stomach and
establishes long-term infection of the gastric and duodenal
mucosa [1]. Long-term infection with H. pylori causes various
gastro-duodenal diseases, such as chronic gastritis, peptic
ulcer, mucosa-associated lymphoid tissue lymphoma (MALT),
and gastric cancer [2].
H. pylori synthesizes numerous virulence factors, such as
CagA, VacA, IceA, which are related to its pathogenicity.
Cytotoxin-associated antigen (CagA), a “pathogenicity island”
encoded by genes of H. Pylori, is one of the main H. Pylori
virulence factors and results in clinically important outcomes
[3,4]. CagA-positive H. pylori strains are associated with
higher frequencies of duodenal ulcer, precancerous lesions, and
gastric cancer compared to CagA-negative strains [5,6].
Further, H. pylori strains producing CagA cause more intense
tissue inflammation and induce cytokine production [7,8]. In
recent years, H. pylori has been reported with increasing
prevalence in patients with some extragastric inflammatory
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diseases, such as autoimmune, cardiovascular, and skin
diseases [9]. Helicobacter pylori is also associated with many
respiratory disorders, including chronic obstructive pulmonary
disease (COPD), bronchiectasis, asthma, lung cancer, and
chronic nonspecific pharyngitis [10-14].
Obstructive sleep apnea syndrome is a very common disorder
caused by complete or partial upper airway obstruction during
sleep and decreasing oxyhemoglobin saturation. Obstructive
sleep apnea syndrome is characterized by the cardinal
symptoms of disrupted sleep, consequent excessive daytime
sleepiness, and snoring [15]. Increased seroprevalence of H.
pylori in patients with OSAS has been reported in the past
decades [16].
Ye et al. found an association between increased severity of
OSAS and higher seroprevalence of H. pylori [17], but CagA
positive H. Pylori-infected patients with OSAS have not been
evaluated. In this study, we evaluated the relationship between
CagA positivity and the severity of disease in OSAS patients
infected with H. pylori.
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Material and Methods
Patients
One hundred twenty-six sequential patients (84 M, 42 F)
diagnosed with OSAS by PSG and 30 control subjects without
any clinical OSAS or gastrointestinal symptoms were taken for
polysomnographic evaluation in a neurology clinic between
July 2014 and March 2015. The mean age of patients was 51.9
± 12 years (range18–81 years). Patients who had previously
received H. pylori eradication treatment, antibiotics, and antiinflammatory or acid suppresive treatment in last 2 months,
and those with a history of systemic inflammatory and
autoimmune disorders, gastroesophageal reflux disease, were
excluded. Body mass index (BMI) was measured for each
patient. Index values were calculated by dividing weight in
kilograms by the square of height in meters. The study was
planned according to the ethics guidelines of the Helsinki
Declaration, informed consent was obtained from all
participants and was approved by the Institutional Research
Ethics Board of our hospital.

Polysomnography examination
An all-night polysomnography was performed using a
computerized
system
(EmblaN7000;
Somnologica,
Broomfield, Colorado) that recordings were analyzed
manually, based on standard criteria in our center [18]. The
neurological variables were the electroencephalogram, electrooculogram and electromyogram. Flow tracing was measured
using a nasal cannula and thermistor, while thoraco-abdominal
movement was measured with thoracic and abdominal bands.
Oxygen saturation was assessed with a pulse oximeter. Cardiac
parametries such as heart rate, were analyzed automatically.
Apnea was defined as cessation of airflow for ≥ 10 seconds,
and hypopnea was defined as oxygen desaturation of ≥ 3% or a
reduction in thoracic excursion of ≥ 50%. The number of apnea
and hypopnea events per hour of sleep were measured as the
apnea hypopnea index (AHI). There are three levels of OSAS:
mild (AHI ≥ 5 and <15), moderate (AHI ≥ 15 and <30), and
severe (AHI ≥ 30) [8]. In this study, the lowest oxygen
saturations were obtained for each subject during the PSG.
Those with an AHI score of ≥ 5 were included in the study.
Patients were divided into three groups according to their AHI
score. Those with an AHI ≥ 5 and <30 were assigned to the
mild-moderate OSAS group; those with an AHI ≥ 30 were
assigned to the severe OSAS group, and subjects with an AHI
<5 served as controls.

Blood samples
Peripheral blood was collected from each patient after PSG.
Sera obtained by centrifugation were stored at −20°C and
analyzed simultaneously by technicians who were blind to
group allocation. IgG antibodies against H.pylori were
analyzed by ELISA (DIA.PRO Diagnostic, Bioprobes S.r.l,
Milan, Italy). All subjects with positive H. pylori antibodies
underwent a serologic assay for specific IgG antibodies against
CagA protein, which was analyzed by enzyme immunoassays
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(DIA.PRO Diagnostic, Bioprobes S.r.l, Milan, Italy). CagA
antibody titers ( ≥ 8 U/mL) were classified as positive, per
manufacturer instructions.

Statistical analysis
Data were analyzed using Predictive Analytics Soft Ware
(PASW) statistics version 18 for Windows (SPSS Inc.,
Chicago, IL, USA). Data normality was analyzed using the
Kolmogorov-Smirnov test. Variance analysis (Anova) was
used for the comparison of three or more independent groups.
Independent group comparisons were performed with Mann
Whitney U test for variables with non-normal distribution, with
independent sample t test for variables with normal
distribution. Categorical variables were analysed with the χ2
test. A p-value <0.05 was considered to be statistically
significant.

Results
The study involved 126 patients, 96 of whom were included in
the OSAS groups, with the remaining 30 in the control group.
In the OSAS groups, 64 patients (66%) were in the mildmoderate group, and 32 patients (33%) were in the severe
group. There were no significant differences between all
different groups in terms of age or sex (p>0.05).
Table 1. Clinical and biochemical variables in the controls and
different severity in OSAS patients.
Controls

Mild-moderate Severe

(n=30)

(n=64)

(n=32)

Male n (%)

20 (66.6)

42 (65.6)

22 (68.7)

0.987*

Age(years)

53,30 ± 11,35

51,92 ± 11,59

50,59 ± 13,79

0.681*

BMI(kg/m2)

29.52 ± 3.98

31.01 ± 3.88a

33.79 ± 5.54

0.004**

Lowest SaO2

89.73 ± 2.93

86.03 ± 4.68a

78.68 ± 9.04

0.000**

41(64)b

29(90.6)

0.007**

H.pylori IgG 17(56.6)
(+) n (%)

P-value

BMI, Body mass index; SaO2, arterial oxygen saturation; H.pylori, helicobacter
pylori.
Data presented as the mean and SD (±), comparison made using ANOVA.
Data presented as the absolute frequency and relative frequency (%),
comparison performed using Chi-square test.
**P <0.05 Severe vs. Mild-moderate
*P >0.05 Between all groups
aP <0.05 Mild-moderate vs. controls
bP >0.05 Mild-moderate vs. controls

There was no significant difference between the mild-moderate
and control group in BMI (p>0.05), while it was observed to be
significantly higher in the severe OSAS group compared to
control and mild-moderate groups (p=0.01). See Table 1 for
comparisons. The average lowest oxygen saturation (SaO2)
was significantly low in the mild-moderate and severe groups
compared to controls (p<0.05). When the two OSAS groups
were compared, the average SaO2 in the severe group was
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significantly lower than in the mild-moderate group (see Table
1).
H. Pylori incidences were 56.6% (17/30) in the controls, 64%
(41/64) in the mild-moderate group, and 90.6% (29/32) in the
severe group. There was significant difference between the
severe and mild-moderate groups (p=0.007), while there was
no significant difference between the mild-moderate and the
controls (p>0.05 Table 1).
Helicobacter pylori IgG (+) OSAS patients were examined as
CagA (+) and CagA (-). Ten patients in the control group
(58.8%), 23 patients in the mild-moderate group (56%), and 25
patients in the severe group (86.2%) were found to be CagA
(+). The difference in CagA (+) incidence between the mildmoderate and control group was not significant (p=0.059).
However, comparing the OSAS groups, CagA (+) was
significantly higher in the severe group compared to the mildmoderate group (p=0.027) (Figure 1).

Figure 1. CagA (+/-) levels in the control, mild-moderate and severe
OSAS patients infected with H.pylori. Comparisons of groups were
analyzed with Chi-square test.

Discussion
We found a significant relationship between H. pylori infection
and OSAS, and also between severe OSAS and CagA-positive
H. pylori infection. As far as we know, no previous study has
demonstrated a relationship between CagA positive H. pylori
infection and OSAS. In the literature, the data demonstrating a
relationship between H. pylori infection and OSAS is limited
[16,17]. The results of our study confirm those of two previous
studies in this regard. First, a preliminary study by Unal et al.
found H. pylori seropositivity in 17 of 19 OSAS patients
(89.5%). This result indicated a strong relationship between H.
pylori and OSAS [16]. The second study, conducted on 155
patients, found a statistically significant difference in H. pylori
seropositivity between OSAS patients and a control group
(75.5%, p=0.000) [17]. Additionally, the study found a
significant relationship between disease severity and an
increase in H. pylori seroprevalance in moderate and severe
OSAS groups compared to the control group.
Several factors have been associated with an increased risk of
OSAS, including age, male gender, obesity and alcohol abuse
[19,20]. Our study results confirms previous findings that
obesity is a major risk factor for OSAS. However, there was no
significant difference regarding age and sex. Other risk factors
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such as alcohol use and smoking are not included in our study.
Sufficient information for alcohol consumption and smoking
could not be obtained because patients did not provide
consistent information. And also recent studies showed that
alcohol and smoking are not related risk factors with the
increasing prevalence of H.pylori infection [21,22]. A previous
study has found CagA seropositivity 69.5% in dyspeptic
patients and a case-control study in a Turkish population
showed all subjects were positive for CagA gene in patient
groups including gastric cancer and duodenal ulcer while it
was 62.5% in controls with no gastrointestinal symptoms [5,6].
Also our study results corroborates previous findings.
The main finding of our study was a positive relationship
between CagA-positive H. pylori infection and OSAS severity.
We found that CagA positivity was significantly increased in
H. Pylori-infected patients in the severe OSAS group
compared to those in the control group. The potential
pathogenic mechanism underlying this relationship is strong
systemic inflamation caused by the CagA(+) H. pylori
infection. Various studies have shown the relationship between
H. pylori infection and systemic inflammation. As a result of
chronic H. pylori infection, cytokines such as CRP, TNF-α,
IL-8, IL-1, and IL-6, which signal systemic inflamation, are
induced [23-26]. Additionally, CagA gene-positive strains are
more virulent than CagA gene-negative strains and lead to
significant increases in polimorfo nuclear leukocytes (PNL)
and mononuclear cells, thus triggering inflammation in distant
organs through the bloodstream [27]. Determining the role of
systemic inflammation in OSAS etiology is important. A metaanalysis of 51 studies found the prevalence of systemic
inflammatory markers was higher in OSAS patients than in
control group patients [28]. Local and systemic inflammatory
processes may cause stenosis and collapse in the upper airway
in relation to disease severity and lead to oropharyngeal muscle
disfunction [29,30]. IL-6 and TNF-α increases have been
shown to have a role in OSAS pathogenesis and have been
linked to the cardinal symptoms of OSAS, such as sleepiness
and fatigue [31]. These two cytokines also have been found to
increase in vitro in H. pylori-related gastritis subjects.
Increased H. pylori-related inflammatory mediators thus may
play a pivotal role in OSAS development.
Another potential pathogenic mechanism is that H. pylori
colonizes in the upper respiratory tract [32]. In an extensive
cohort study, the incidence of gastroesophageal reflux disease
was reported to have increased notably in OSAS patients [33].
Gastroesophageal reflux into the laryngopharynx may cause
inflammation-related upper airway disorders by directly
exposing the pharynx and larynx to H. pylori [34]. This
relationship suggests H. pylori infection may lead to airway
stenosis, which also plays a role in OSAS etiology.
This study has some limitations. Although the specificity of the
H. Pylori antibody test is lower than methods such as
endoscopical biopsy, the urea-breath test, and the stool antigen
test, its specificity is still very respectable at nearly 95% [35].
Additionally, the H. pylori antibody test is convenient because
it is noninvasive, inexpensive, easily administered, is not
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affected by PPI or antibiotic usage, and can easily be used with
OSAS patients. The failure to quantify alcohol consumption
and smoking may have been a limitation to the study.
However, these limitations are not a mitigating factor and do
not affect the result of our study because we found a high
prevalence of CagA seropositivity in the study population.
In conclusion, we identified high CagA seroprevelance in
patients infected with H. pylori who were diagnosed with
severe OSAS. CagA-gene positive H. pylori strains may be a
risk factor in increasing the severity of OSAS.
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