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Study Objectives: To explore and analyze diversity and abundance of oropharyngeal microbiota in patients with obstructive sleep apnea (OSA).

Methods: This was a cross-sectional study. Middle-aged men, suspected to have OSA, referred to full-night polysomnography, and willing to provide
oropharyngeal swab samples, were consecutively enrolled. OSA severity was assessed by apnea-hypopnea index (AHI) as non-OSA (AHI < 5 events/h) and OSA
(AHI = 15 events/h). Bacterial DNA of oropharyngeal samples was extracted and quality test performed. Oropharyngeal microbiota was analyzed using 16S
ribosomal DNA (rDNA) sequencing, and bioinformatic analysis carried out after sequencing.

Results: Samples from 51 men (25 in the non-OSA group and 26 in the OSA group) were sent for examination. Of these, 40 samples were found to have sufficient
concentration of DNA and were analyzed for bioinformatics. In alpha diversity analysis, the OSA group exhibited significantly lower sobs (198.33 £ 21.71 versus
216.57 £26.21, P=.022), chao (221.30 £ 26.62 versus 243.86 + 26.20, P=.014), ace (222.17 + 27.15 versus 242.42 + 25.81, P=.028) and shannon index (3.14 +
0.23 versus 3.31+£0.26, P=.035), suggesting a reduction in microbial species diversity. We further divided participants into non-OSA, moderate OSA, and severe
OSA groups and observed a significant decrease in the bacterial biodiversity of OSA groups compared with the non-OSA group, with the most significant decrease
occurring in the moderate OSA group. Principal coordinate analysis showed two extremely different oropharyngeal microbial communities in non-OSA and OSA
groups. More interestingly, proportion of Neisseria was slightly higher in the severe OSA group (20.64%), followed by the moderate OSA and non-OSA groups
(12.57% and 9.69%, respectively). Glaciecola was not detected in the OSA groups compared to the non-OSA group (0 versus 0.772 + 0.4754, P <.001).
Conclusions: Middle-aged men with OSA showed less oropharyngeal species diversity and altered abundance, on which further confirmation is warranted.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: The underlying mechanism of obstructive sleep apnea (OSA) is not fully understood yet, although the role of airway
inflammation in OSA was widely discussed. Recent studies suggest that changes in local microecology, especially local microbial diversity, can cause local
immune system imbalance. It is still not clear in the pharyngeal inflammation whether there is a dissonance of local microbiota.

Study Impact: We found that oropharyngeal microbiota is disturbed in conditions of OSA, characterized by lowered diversity and abundance. The findings
may shed new light on a possible association between oropharynx microbiota and OSA. We hope the results could provide useful information for further

understanding the microbiological mechanism of OSA.

INTRODUCTION

Obstructive sleep apnea (OSA) is a common disorder of re-
petitive pharyngeal collapse during sleep, which is a risk fac-
tor of cardiovascular, metabolic, and neurocognitive diseases.
Moderate to severe OSA has an estimated prevalence of
23.4% in women and 49.7% in men.'” Although craniofacial
abnormalities play a clear role in the pathogenesis of OSA,
these defects may only account for one-third of the variability
in OSA and its severity,’ leaving neuromuscular responses
accounting for much of the balance of OSA variability. Ele-
vations in circulating inflammatory chemokines may account
for the decreases in neuromuscular activity in some patients
with OSA.* Similarly, mucosal inflammation may blunt local
afferents and neuromuscular responses to upper airway ob-
struction, leading to worsening of upper airway obstruction
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during sleep.’ Nonetheless, the pathogenesis behind this airway
inflammation is partially comprehended, although the sug-
gested mechanisms include mechanical stress damage, and the
pharyngeal cavity fat accumulation due to obesity, smoking,
and esophageal reflux.’ !¢

In the past two decades, the relationship between immu-
nity and microbiota has attracted considerable attention in the
field of systemic and local inflammation. The oral cavity,
harboring trillions of microorganisms with numerous functions
and capabilities closely aligned with human health,'' is one
of the main ecological habitats of the human body. Interaction
of variable oral microorganisms helps the human body against
invasion of undesirable stimulation outside. Imbalance of
microbial flora contributes to oral diseases such as dental
caries, periodontitis,'*** oral mucosal diseases,'® and sys-
temic diseases, such as gastrointestinal and nervous systemic
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diseases.'®'® However, whether there is microbiome imbal-
ance in OSA is still unknown. The oropharynx, as the middle
part of the upper airway, is the site of repeated collapse
during sleep in patients with OSA, and is also confirmed to
have a wide range of inflammation.>*'® Observing the re-
lationship between OSA and local flora, measuring the diversity
and abundance of local flora, may provide a new dimension for
the analysis of local inflammation in OSA, and a new clue
and viewpoint for the pathogenesis of OSA. However, the
first step is to be able to accurately detect the oropharynx
flora and determine whether the diversity and abundance has
actually changed.

16S ribosomal DNA (rDNA) sequencing is a method that is
used to detect the abundance and diversity of microorganisms in
many environments efficiently and accurately.?*' Therefore, we
used 16S rDNA sequencing method to detect the diversity and
abundance of local flora in patients with OSA and those without
OSA, in order to determine whether the oropharynx flora of
patients with OSA has been altered.

METHODS

Participants

This was a cross-sectional study. Males aged 30 to 65 years,
in whom OSA was suspected and who agreed to full-night
attended polysomnography (PSG) and to provide oropha-
ryngeal swab samples, were consecutively enrolled as part
of a previous study,* at the People’s Hospital of Xinjiang
Uygur Autonomous Region China from April to December
2013. The people included are permanent residents in
the same area, who have relatively similar living envi-
ronments and diet. Exclusion criteria of the current study
was consistent with the previous study,” encompassing
history of atherosclerotic disease (myocardial infarction or
stroke < 6 months), congestive heart failure, diabetes, thyroid
disease, acute and chronic respiratory diseases, systemic in-
fections, and with therapy for 4 weeks prior to study entry
with inhaled, oral, or nasal steroids or usage of other anti-
inflammatory drugs and central sleep apnea. Patients who
had productive dust, poisonous gas, and substance abuse
were also excluded by personal history. In addition, alco-
hol abusers and those in whom mild OSA was diag-
nosed were also excluded from the current study. A complete
physical examination was performed, including neuro-
logic, cardiopulmonary, abdominal, and ear, nose, and
throat examinations. For a flow chart of participants, see
Figure S1 in the supplemental material. The Ethics’ Com-
mittee of the aforementioned hospital approved the study
protocol. Written informed consent was obtained from
all participants.

OSA Evaluation

All participants underwent full-night attended PSG. As in a
previous study,? all participants were required to refrain from
coffee, alcohol, and sedative hypnotic drugs prior to sleep study.
PSG evaluation included airflow monitoring with thermocou-
ple and/or nasal pressure, respiratory effort using piezo belts
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at the chest and abdominal positions, oxygen saturation using
pulse oximetry, surface electrodes attached using standard
techniques to obtain an electrooculogram, and electromyogram
ofthe chin. Sleep stages were defined according to Rechtshaffen
and Kales’ criteria by a professional polysomnographic tech-
nologist. For the current study, a reduction in the amplitude of
airflow of at least 30% for > 10 seconds followed by either a
decrease in oxygen saturation of 4% or a reduction in the
amplitude of airflow of at least 50% for > 10 seconds followed
by either a decrease in oxygen saturation of 3% or signs of
physiologic arousal compose the definition of hypopnea. OSA
severity was assessed by apnea-hypopnea index (AHI) as non
(AHI < 5 events/h) and OSA (AHI > 15 events/h). We first
compared the oropharyngeal microbial diversity of the two
groups; second, patients with OSA were grouped by severity
(moderate OSA, severe OSA) and compared with the non-OSA
group. The purpose was to further identify the diversity dif-
ferences in OSA levels and to determine whether there was
a dose-response relationship between these differences and
OSA severity.

Laboratory Assessment

Samples of peripheral venous blood were collected in the
morning after PSG. Biochemical evaluation was measured by
hospital laboratories using standard techniques.

Collection of Throat Swab Sample

Oropharyngeal swab samples were collected from all partici-
pants in the morning between 8:00-9:00 am (Beijing time) after
PSG by the same staff before oral washes, tooth brushing, and
breakfast. Microbial samples were obtained from the posterior
wall of the oropharynx using standard swabs. The swab samples
were immersed in phosphate-buffered saline, transferred to the
laboratory, shaken, and were stored at —80°C until use. The
sampling methods used in the current study were similar to that
of a recent study.?

DNA Isolation and Sequencing of 16S rDNA Genes

DNA was extracted from the swabs. A quality test was done
first. Detection of DNA sample concentration was performed
with Qubit Fluorometer (Thermo Fisher Scientific, Waltham,
Massachusetts, United States); agarose gel electrophoresis
was conducted for sample integrity and fragment distribution.
NanoDrop (Thermo Fisher Scientific) was tested for OD260/
280 and OD260/230, then all the qualified DNA is used to
construct a library. For polymerase chain reaction product, the
jagged ends of DNA fragment were converted into blunt ends
by using T4 DNA polymerase, Klenow fragment, and T4
polynucleotide kinase. Then an 'A’ base to each 3’ end was
added to make it easier to add adapters. Next, fragments too
short were removed by Ampure beads. For genomics DNA, we
used fusion primer with dual index and adapters for polymerase
chain reaction, and fragments too short were removed by
Ampure beads. In both cases, only the qualified library was used
for sequencing. In order to obtain more accurate and reliable
results in subsequent bioinformatics analysis, the raw data were
preprocessed to obtain clean data. Paired-end reads were
generated with Illumina platform, then the reads with
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sequencing adapters, N base, poly base, low quality etc., were
filtered out with default parameters. If the two paired-end reads
overlapped, the consensus sequence was generated by FLASH
(Fast Length Adjustment of Short reads, v1.2.11).>* The tags
were clustered into operational taxonomic units (OTUs) with a
97% threshold by using the software USEARCH (v7.0.1090),%
OTU representative sequences were taxonomically classified
using Ribosomal Database Project Classifier v.2.2 trained on the
Greengenes database. Alpha diversity was applied for analyzing
complexity of species diversity for a sample through several
indices,® including observed species, chao, ace, shannon, and
simpson. The complexity of sample is proportional with the first
four values, whereas with a negative correlation with simpson
value. Observed species value, chao value, and ace value can
reflect the species richness of the community. Shannon and
simpson values can reflect the species diversity of the com-
munity, affected by both species richness and species even-
ness, that is, the two values also consider the abundance of each
species. With the same species richness, the greater the species
evenness and the greater the community diversity. The calculation
formula of each indice can be found at http://www.mothur.org/
wiki/Calculators.

Relative abundance refers to the relative abundance of
OTU and species. The OTU were used for species diversity
indices (shannon, simpson), species richness (sob, ace, chao), the
indices were calculated by Mothur (v1.31.2), and one-way
analysis of variance was used for multigroup comparison.
Blotbox, Venn diagram, and rarefaction curve were drawn, the
the aforementioned analysis is done by R software version 3.0.3
(The R Foundation for Statistical Computing, Vienna, Austria).
Principal component analysis (PCA) was used to construct a two-
dimensional graph to summarize factors mainly responsible for
this difference. Based on the OTU abundance information, the
relative abundance of each OTU in each sample will be calcu-
lated, and the PCA of OTU was done with the relative abundance
value. The software used in this step was package 'ade4’ of R
software version 3.0.3. The OTU in different samples were
summarized in a histogram, and the histogram was drawn with
R software version 3.0.3. Kruskal-Wallis tests (Metastats;
http://cbcb.umd.edu/software/metastats) were used to deter-
mine which taxonomic groups were significantly different
between groups of samples. We adjusted the obtained P value by
a Benjamini-Hochberg false discovery rate correction (function
'p.adjust’ in the stats package of R software version 3.0.3).?’

Statistical Analysis

The measurement data were used to describe the central ten-
dency ofthe data, or median, (quartile spacing), which describes
discrete trends. Prior to analysis of all data, the normality test
was carried out, data were expressed as mean + standard de-
viation, and comparison among groups were performed using
analysis of variance. The quantitative data of the case and
control groups were tested for the homogeneity of variance
in the three groups, so as to decide whether to use variance
analysis or Wilcoxon rank sum test. Nonparametric tests were
used for nonnormal distribution of data. SPSS 22 software
(IBM Corp., Armonk, New York, United States) was used for
statistical analysis.
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RESULTS

Fifty-one middle-aged men underwent full-night attended
PSG and provided oropharyngeal samples; 40 of them were
classified to have quality samples. The 40 participants were di-
vided into a non-OSA group (n=14) and an OSA group (n =26).

As shown in Table 1, no significant differences were ob-
served in terms of cigarette consumption, body mass index,
abdominal circumference, total sleep time, sleep efficiency,
total cholesterol, triglyceride, fasting blood glucose and
C-reactive protein. The OSA group showed significantly higher
age than in the non-OSA group (46.5 = 11.0 years versus 40.3 =
10.8 years, P = .047). OSA assessed by AHI and lowest sat-
uration of oxygen were significantly worse in the non-OSA
group compared to the severe OSA group.

Sequencing Summary

A total of 1,307,037 high-quality reads were generated after
quality testing in 40 samples with a mean of 32,675 reads
persample. As shown in Figure 1, the mean number of observed
OTUs reached a plateau at ~10,000 sequence reads, and did
not increase with the number of sequencing samples. This in-
dicates that the result of sample sequencing is sufficient to
capture the diversity of microorganisms. The tags were clus-
tered into OTUs with a 97% threshold and 461 OTUs repre-
sentative sequences were generated for 40 samples.

The Alpha Diversity Analyses Between OSA and
Non-OSA Groups

The alpha diversity analyses between OSA and non-OSA
groups are outlined in Table 2 and Figure 2. Compared to
those in the non-OSA group, those in the OSA group were
observed to exhibit significantly lower bacterial biodiver-
sity, reflected in a lower diversity indexes such as sobs in-
dex (198.33+£21.71 versus216.57+26.21, P=.022), chao index
(221.30 £ 26.62 versus 243.86 £+ 26.20, P = .014), ace index
(222.17 £27.15 versus 242.42 £25.81, P=.028), and shannon
index (3.14 £ 0.23 versus 3.31 £ 0.26, P = .035). In order to
observe the changes in the microbial diversity with the
severity of OSA, we further divided participants into non-,
moderate, and severe OSA groups and compared the microbial
diversity, abundance of bacteria, and taxonomic differences in
each group.

Overall Structural Changes of Oropharynx

Microbiota Among Groups

As shown in Figure 3, a Venn diagram was generated to vi-
sualize the overlapped and unique OTUs in non-, moderate
and severe OSA groups. The number of total OTUs decreased
from 408 in non-OSA to 375 in moderate OSA and to 363
in the severe OSA group. There were 49 unique OTU in the
non-OSA group, 23 in the moderate OSA group, and 15 in
the severe OSA group. The two observations indicate that
the number of total and unique OTUs decreased from non-OSA
to moderate OSA and to severe OSA. As shown in Figure 4, the
number of detected bacteria also decreased from 78 in the
non-OSA group to 72 in the moderate OSA group, and to 64 in
the severe OSA group.
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Table 1—Anthropometric and clinical characteristics between non-OSA and OSA groups.

Non-0SA (n = 25) OSA (n = 26) P
Age (years) 40.3+10.8 465+ 11.0 047
Cigarette consumption, n (%) 12 (48.0) 15 (57.7) 488
Body mass index (kg/m?) 27333 218+32 606
Waist circumference (cm) 100.0 (91.0-109.5) 101.0 (97.0-106.0) 473
Apnea hypopnea index (event/h) 2.9 (1.1-4.0) 28.85 (20.3-48.2) <.001
Lowest saturation of oxygen (%) 89.0 (86.5-90.0) 76.0 (69.0-83.3) <.001
Total sleep time (min) 376.0 £41.3 381.7 £ 52.1 .668
Sleep efficiency (%) 70177 724 £105 .385
Total cholesterol (mmol/L) 4.36 (3.96-4.92) 4.93 (4.17-5.67) 103
Triglyceride (mmol/L) 1.85 (1.46-2.33) 1.99 (1.24-2.60) 828
Fasting blood glucose (mmol/L) 4.79 (4.48-5.12) 4.73 (4.44-4.99) .828
C-reactive protein (mg/L) 3.71 (2.86-5.31) 4.04 (2.62-4.99) .836
Data presented as mean + standard deviation, n (%) or median (range). OSA = obstructive sleep apnea.
Figure 1—Sample-based rarefaction analysis of the three groups.
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The alpha diversity analyses between non-OSA, moderate
OSA, and severe OSA groups are provided in Table 3 and
Figure 5. Compared to those in the non-OSA group, those with
moderate OSA were observed to exhibit significantly lower
bacterial biodiversity, reflected in lower diversity indexes such
as sobs index (195.20 £23.44 versus 216.57 +26.21, P=.018),
chao index (216.80 + 28.93 versus 243.86 + 26.20, P =.009),
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and ace index (217.53 £29.33 versus 242.42 +25.81, P=.016).
Those with severe OSA displayed a decreasing (not significant)
trend in bacterial biodiversity, reflected by lowering sobs, chao,
and ace index, compared to those with non-OSA.

As in Figure 6, PCA of non-OSA, moderate OSA, and se-
vere OSA groups was performed and two-dimensional scat-
terplots were generated to visualize whether the groups have
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Table 2—Comparison of alpha diversity between non-OSA and OSA groups.

Alpha Non-OSA OSA P

sobs 216.57 £ 26.21 198.33 + 21.71 022
chao 243.86 + 26.20 221.30 £ 26.62 014
ace 242.42 + 25.81 22217 £27.15 .028
shannon 3.31+£0.26 3.14£0.23 .035
simpson 0.078 (0.055-0.089) 0.091 (0.069—0.111) 074

Data presented as mean + standard deviation or median (range). OSA = obstructive sleep apnea.

Figure 2—Alpha diversity indices boxplot in NOSA and OSA groups.
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different microbial communities. This method allows us to
present dissimilarities of the data in terms of distance. Each axis
percentage describes the amount for which one dimension can
account. The composition of the oropharynx microbial com-
munities of the non-OSA and OSA groups were found to be
distinct, as presented in Figure 6. A clear separation was ob-
served between non-OSA and moderate and severe OSA in the
PCA between the two clusters (Adonis, Euclidean, P = .0635,
R? = .09821), representing the microbial compositions of
non-OSA and moderate and severe OSA groups and possibly
indicating two extremely different oropharynx environments.
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However, moderate and severe OSA groups were seen to have
similar oropharynx environment.

As shown in Figure 7 and Figure 8, the number of detected
bacteria in non-OSA, moderate OSA, and severe OSA groups
was 78, 72, and 64, respectively. The main detected bacteria
in three groups included Prevotella, Neisseria, Veillonella,
Fusobacterium, Streptococcus, and unclassified ones. The
unclassified bacteria accounted for about 10% of the bacteria
in each group. After excluding the unclassified bacteria, Pre-
votella, Neisseria, Veillonella, Fusobacterium, and Strepto-
coccus made up more than 70% of the bacteria in each group,
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whereas their distribution in each group was also different. The
main bacteria in the three groups were Prevotella, which
accounted for 31.61% in non-OSA and 37.11% in moderate

Figure 3—Venn diagram to visualize the shared and unique
out across NOSA, MOSA, and SOSA groups.

NOSA MOSA

SOSA

MOSA = moderate OSA, NOSA = non-OSA, OSA = obstructive sleep
apnea, SOSA = severe OSA.

Oropharyngeal Microbiome in OSA

OSA groups and 33.95% in the severe OSA group of the de-
tected bacteria. More interestingly, the proportion of Neisseria
was significantly higher in the severe OSA group (20.64%),
followed by the moderate OSA group (12.58%), and the lowest
in the non-OSA group (9.69%).

Comparison of Oropharynx Microbiota Between Non-,
Moderate, and Severe OSA Groups on Genus Level
While analyzing the detected bacteria at genus level, results
showed that Glaciecola was not detected in moderate and severe
OSA groups, compared to the non-OSA group (0.772 +£0.4754,
P < .001). In addition, distribution of Tannerella (9.9426 +
1.5577 versus 2.9283 + .5628, false discovery rate [FDR] =
0.027), Anaerovorax (3.73 £ 0.7971 versus 0.9486 + 0.3347,
FDR =0.027), and Halomonas (1.3922+0.3513 versus 0.2206 +
0.1, FDR = 0.040) in the severe OSA group was significantly
lowered, compared to the non-OSA group (Table 4).

DISCUSSION

To our knowledge, this is the first preliminary exploration to
explore the changes in oropharynx microbiota in OSA using a
currently accepted method (16S rDNA genes)*® in middle-aged
men with similar body mass index and other characteristics in
order to establish the role of OSA on the topic of interest.
The main results included a significant decrease in the
bacterial biodiversity of the OSA group compared with the
non-OSA group, with the most significant decrease occurring in

Figure 4—Changes in the number of detected bacteria and unique OTUs in the NOSA, MOSA, and SOSA groups.
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Table 3—Comparison of alpha diversity among non-, moderate, and severe OSA groups.

Alpha Non-OSA Moderate OSA Severe OSA P1 P2 P3

sobs 216.57 + 26.21 195.20 + 23.44 202.55 + 19.38 .018 140 439
chao 243.86 + 26.20 216.80 £+ 28.93 22744 + 22,97 .009 132 318
ace 24242 + 25.81 217.53 £ 29.33 228.51 £ 23.69 .016 203 .306
shannon 3.31+£0.26 3.14£0.23 313+£0.25 072 .068 .859
simpson 0.078 £ 0.028 0.090 + 0.029 0.099 + 0.036 292 .098 AT6

Data presented as mean + standard deviation. OSA = obstructive sleep apnea, P1=non- versus moderate OSA, P2 = non- versus severe OSA, P3=moderate

versus severe OSA.

Figure 5—Alpha diversity indices boxplot in NOSA, MOSA, and SOSA groups.
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the moderate OSA group. Total and unique OTUs decreased
from non-OSA to severe OSA. There were two extremely
different oropharyngeal microbial communities in the non-OSA
and moderate and severe OSA groups. More interestingly, the
proportion of Neisseria was the highest in the severe OSA
group, followed by the moderate OSA group. Glaciecola
was not detected in moderate and severe OSA. Distribution
of Tannerella, Anaerovorax, and Halomonas in the severe
OSA group was significantly lowered. These results may in-
dicate that oropharynx microbiota is disturbed in those with
OSA, characterized by lowered diversity and abundance.
Over 700 bacterial species have been identified in the human
mouth.?>*° In individuals with OSA, oral self-cleaning is
decreased and function of salivary glands is impaired.’'™*
Furthermore, dramatic changes in airway pressure at night
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and decreased air flow, moisture, and oxygen content and
changed pH are well established in OSA. Therefore, it is rea-
sonable to believe that the aforementioned changes in OSA
may explain the dysbiosis of oropharynx microbiota in mod-
erate to severe OSA. In terms of diversity, the diversity indexes
are lowered in OSA groups (moderate to severe). Indeed, low
diversity of microorganisms is associated with a plethora of
diseases, including diabetes, obesity, and chronic respiratory
diseases such as asthma and chronic obstructive pulmonary
disease,>>** some of which are risk factors for or coexist with
OSA.* In fact, lower bacterial diversity in asthma is asso-
ciated with airflow obstruction,***° which is also a hallmark of
OSA.*” A decrease in the diversity of bronchial microbiome
is paralleled by advanced chronic obstructive pulmonary
disease.*®*' Similarly, low diversity in gut microbiota is
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Figure 6—Principal coordinate analysis in NOSA, MOSA, and SOSA groups.
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Figure 7—The taxonomic composition distribution in samples of genus level.
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associated with or cause obesity and inflammatory bowel disease.>>*’
In the present study, the different patient groups were designed
with the hypothesis that there is a “dose-dependent relationship”

between the detected microorganisms and the severity of OSA,
but in reality, this may not be the case. With the aggravation of
OSA, only moderate OSA showed a statistically significant
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Figure 8—The distribution of five main bacteria in NOSA, MOSA, and SOSA groups.
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Table 4—Difference in the composition of bacteria at genus level among groups.
Genus Non-OSA Moderate OSA Severe OSA P FDR
Glaciecola 0.772 £ 0.4754 00 00 <.001 0.0272/0.042°
Tannerella 9.9426 + 1. 5577 3.6941 £ 0.00914 2.9283 £ 0.5628 <.001 0.027°
Anaerovorax 3.73£0.7971 2.5764 +0.008614 0.9486 + 0.3347 <.001 0.027°
Halomonas 1.3922 + 0.3513 1.4121 £ 0.00873 0.2206 + 0.1 <.001 0.040°
Cloacibacterium 0.4046 £ 0.2559 00 0.0386 + 0.00039 <.001 0.042°

Data presented as mean + standard deviation.  Non-OSA versus severe OSA. ®Non-OSA versus moderate OSA. FDR = false discovery rate, OSA =

obstructive sleep apnea.

decrease in diversity, whereas severe OSA showed no signif-
icant decrease. We speculate that there may be a compensation
mechanism in patients with severe OSA. When the degree of
OSA is very serious, the self-protection of the body makes the
harmful bacteria such as Tannerella and Cloacibacterium
decrease, and then makes the diversity index of the OSA
population increase slightly, which reduces this difference. This
result may also be due to the study’s small sample size or in-
clusion of smokers. A larger sample size may show a greater
difference. The influencing factors of flora in the oral cavity
have not yet been clarified as well as in the intestinal tract.
There may be some unknown confounding factors that
affectthe changes of oral microorganisms. The confounders
we considered in the design of our study had no effect on
our results.

With the aggravation of the severity in OSA, the species
of detected microbiota decreased from 78 species of non-OSA
to 72 species of moderate OSA, and then to 64 species of
severe OSA. The changes of total OTU and unique OTU
shown in the Venn diagram showed the same downward
trend. These changes may cause local immune disorders to
induce inflammation.*

Another interesting observation is that Glaciecola was not
detected in the moderate and severe OSA groups. Glaciecolais a
Gram-negative, aerobic, nonmotile and ovoid or rod-shaped
bacterial strain isolated from marine environments.** Glaciecola

Journal of Clinical Sleep Medicine, Vol. 15, No. 12

polaris, acting as an antioxidant, protects oxidatively injured
mouse macrophages from oxidatively modified low-density
lipoprotein,®® which is a marker for atherosclerosis®' and is
increased in OSA and decreased after continuous posi-
tive airway pressure treatment.>* Furthermore, the presence of
airway and systemic inflammation in OSA is confirmed.**™’
Therefore, we speculate changes in local microenvironment
make the oropharyngeal stabilization of Glaciecola gradually
decline, or the local microenvironment of oropharyngeal loses
its protection from oxidative damage, thus inducing or aggra-
vating local inflammation of the upper airway in OSA.
Specific sites in the respiratory tract contain specialized
bacterial communities.**>® When in equilibrium, the airway
microbiome can restrict the growth of multiple invading
pathogens, whereas when disrupted, it can have adverse
consequences.” The oropharynx is characterized by strepto-
coccal species, Neisseria spp, Rothia spp. and anaerobes, in-
cluding Veillonella spp., Prevotella spp., and Leptotrichia
spp.°%%°%2 In the current study, Neisseria is increased dra-
matically with the worsening of OSA, which may have adverse
effects on the dynamic balance of local microenvironment.
Overgrowth of pathogenic bacteria Neisseria flavescens in
ex vivo duodenal mucosal explants of healthy control patients
and in the oral cavity®® and duodenum® of adult patients with
celiac disease could lead to aberrant activation of the immune
system to induce inflammation in dendritic cells. Therefore,
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it may be feasible that the inflammatory conditions occurring
in the oral cavity of patients with OSA may favor the coloni-
zation of Neisseria strains and promote the maintenance of a
proinflammatory status. However, our results in this aspect are
suggestive and warrant further confirmation.

Currently, there is no relevant report about Tannerella in an
OSA population. Previous studies reported that Tannerella
forsythia is a Gram-negative anaerobic organism with proin-
flammatory effects that increases in the presence of periodon-
tal disease, and in those who smoke.®>*” We observed that
Tannerella was lower in the OSA group. This also suggests that
Tannerella involvement in OSA may be a mechanism other than
proinflammatory action, whereas the results need to be con-
firmed in larger samples.

No studies have been reported for Anaerovorax regarding
human disease or health.

Halomonas species are Gram-negative, catalase-positive
bacteria. A novel lipid A fraction from the lipopolysaccha-
ride of Halomonas magadiensis can significantly inhibit the
synthesis of tumor necrosis factor alpha (TNF-a) by human
monocytes activated, which may play an anti-inflammatory
role.®® Although TNF-a was not involved in this study, nu-
merous studies have demonstrated increased circulating TNF-a
levels in patients with OSA.%%"° Therefore, we speculate that
the abundance of Halomonas may be lower as the severity of
OSA increases. However, few studies have been conducted
on the relationship between Halomonas and health or disease,
and further studies are required to confirm our findings.

Cloacibacteria is Gram-negative bacteria that had recently
been shown to be more abundant in inflamed sites than non-
inflamed sites in patients with irritable bowel disease, which
may act as proinflammatory property when microbial diversity
is low.”"”> However, it shows a declining trend in oropharynx
microbiota in patients with OSA, was not detected in the
moderate OSA group, and the difference was statistically sig-
nificant compared with the non-OSA group. There was no
significant difference between the non-OSA and severe OSA
groups. We speculated that the upper airway environment is
different from the intestinal in terms of anatomy, epithelial cell
type, and oxygen content.”*’* These microbes play a proin-
flammatory role in the development of intestinal diseases,’”® but
are not necessarily suitable for the upper airway. These taxa
may require further investigation using animal models to de-
termine whether these bacteria can actually induce inflamma-
tion under specific conditions of OSA.

Nevertheless, the current study contains several limitations.
First, the cross-sectional nature precludes investigations of
the underlying mechanisms and of causal association. Sec-
ond, the low power of this study due to the small sample size,
and exclusion of patients with mild OSA and female patients
may hamper the generalization of the current observation and
may also account for the smaller number of genera identified
as differing between groups in the analyses. However, strict
inclusion and exclusion criteria to generate the sole effects of
OSA, strict sampling procedure by the same staff, and data
analysis by blinded staff may have powered our results and it
is at least sufficient for hypothesis generation. Third, we did
not exclude smokers. There was no statistical difference in
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smoking rate among the three groups, which may indicate
that our results were not disturbed by smoking. Nonetheless,
the smoking factor needs to be taken seriously in future
studies. Finally, we failed to assess microbial metabolic and
functional pathways of these communities to determine the re-
lationship between microorganisms and local microenvironment
and metabolites, and thus some of the conclusions are based
on speculations.

CONCLUSIONS

The current study provides evidence that changes in oral
microbiota are associated with OSA, which may shed new
light on explanation for the pathogenesis. The associations
between distinct taxa and OSA require further longitudinal,
interventional, and experimental investigations to evaluate
causal relationships.

ABBREVIATIONS

AHI, apnea-hypopnea index

FDR, false discovery rate

OSA, obstructive sleep apnea
OTU, operational taxonomic unit
PSG, polysomnography

PCA, principal coordinate analysis
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