Received: 8 August 2022

Revised: 18 October 2022

Accepted: 25 October 2022

DOI: 10.1111/jch.14598

ORIGINAL ARTICLE

WILEY

Gut microbiota in hypertensive patients with versus without
obstructive sleep apnea

Dasheng LuMD%?3® | ShaodongXuMD*® | PingDaiMD® | Lijuan WuMD?® |
Hongxiang Zhang MD?%? | Birong Zhou MD*

1Department of Cardiology, The First

Affiliated Hospital of Anhui Medical Abstract

University, Hefei, Anhui Province, China

2Department of Cardiology, The Second
Affiliated Hospital of Wannan Medical College,
Wuhu, Anhui Province, China

3Vascular Diseases Research Center of
Wannan Medical College, Wuhu, China

4Department of Cardiology, The Third
Affiliated Hospital of Anhui Medical
University, Hefei, Anhui Province, China

5Department of Sleep medicine, The Second
Affiliated Hospital of Wannan Medical College,
Wuhu, Anhui Province, China

éDepartment of Otorhinolaryngology, The
First Affiliated Hospital of Wannan Medical
College, Wuhu, Anhui Province, China

Correspondence

Birong Zhou, MD, Department of Cardiology,
The First Affiliated Hospital of Anhui Medical
University, 218# Jixi road, Hefei 230032,
Anhui Province, China.

Email: zhoubirong1l@hotmail.com

Funding information

National Natural Science Youth Foundation of
China, Grant/Award Number: 81800445;
Scientific Research Project of Wannan Medical
College, Grant/Award Number: WK2018ZF 10

We investigated the alteration of gut microbiota and the associated metabolic risks in
hypertensive patients with obstructive sleep apnea (OSA) comorbidity. Fecal and blood
samples were collected from 52 hypertensive patients, who were divided into three
groups: A (controls, apnea-hypopneaindex[AHI] < 5,n = 15), B (mild OSA, 5 < AHI < 20,
n=17),and C (moderate-to-severe OSA, AHI > 20, n = 20). The composition of the gut
microbiota was studied through 16s RNA sequencing of variable regions 3-4. Analy-
sis of the results revealed that group C had a significant higher concentration of total
cholesterol, low-density lipoprotein, and IL-18 compared with group A. The Shannon
index showed that bacterial biodiversity was lower in OSA patients. At the phylum
level, the ratio of Firmicutes to Bacteroidetes (F/B) was significantly higher in group C
than in groups A and B. At the genus level, the relative abundance of short-chain fatty
acids (SCFA)-producing bacteria (e.g., Bacteroides and Prevotella) was lower while the
number of inflammation-related bacteria (e.g., Lactobacillus) was increased in patients
with OSA. We found that the IL-1f3 level was negatively correlated with Bacteroidetes.
The area under the receiver operating characteristic curve was .672 for F/B ratio in
determining hypertensive patients with OSA. In patients with hypertension, OSA was
associated with worse gut dysbiosis, as evidenced by decreased levels of short-chain
fatty acids-producing bacteria and increased number of inflammation-related bacteria.
The differences in gut microbiota discriminate hypertensive patients with OSA from
those without and may result in an enhanced inflammatory response and increase the

risk of metabolic diseases.
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1 | INTRODUCTION

The global burden of hypertension, also known as high blood pres-
sure, was projected to rise from 26.4% among the adult population in
2000 to 29.2% in 2025.1 Globally, hypertension is the leading mod-
ifiable cause of cardiovascular disease (CVD) and premature deaths.
Despite significant advances in the development of pharmacological
treatments globally, the control rates for hypertension remain low.2 In
hypertensive patients, the control of risk factors and appropriate appli-
cation of therapeutic options including diet and lifestyle changes have
been reported to yield promising results.? As a risk factor, obstructive
sleep apnea (OSA\) is strongly associated with an elevated risk of hyper-
tension and CVD. OSA is a common sleep disorder characterized by
repetitive collapse episodes in the upper airway during sleep, accompa-
nied by oxygen desaturation. The estimated global prevalence of OSA
ranges from 9% to 38% and it is significantly higher in men, the elderly
and obese individuals.* The OSA is now recognized as an identifiable
cause of hypertension. The prevalence of hypertension among patients
with OSA is as high as 42%.> Endothelial damage, sympathetic hyperac-
tivity, and proinflammation are among the physiological links between
OSA and hypertension. Studies suggest that gut dysbiosis plays an
important role in the development of OSA-induced hypertension.”~?
Durgan et al. applied a rat model to demonstrate that OSA and a
high-fat diet caused significant changes in the gut microbiota. In addi-
tion, transplanting dysbiotic cecal contents from hypertensive OSA
rats into normotensive subjects resulted to increased blood pressure.”
Liu et al. reported that gut dysbiosis developed in hypertensive rats
with OSA, and supplementation of probiotic Lactobacillus rhamnosus
contributed to reductions in inflammatory cytokines and hypertension
severity.10 These findings suggested the causal role of gut dysbiosis
in OSA-induced hypertension. However, the role of OSA-associated
gut dysbiosis in patients with pre-existing hypertension, specifically
whether gut microbiota varies between OSA-related hypertension
and hypertension without OSA, has not been sufficiently investigated
through clinical research. Because OSA-related hypertension is more
likely to be drug-resistant,!! it is necessary to identify this distinct
population. Clinically, OSA is frequently underdiagnosed by cardiolo-
gists and hence undertreated.!? To address this, we examined changes
in gut microbiota in patients with OSA-related hypertension in com-
parison to other forms of hypertension. Previous studies have linked
OSA, gut dysbiosis, and hypertension to the development of chronic
inflammation.? 13 Thus, we assessed the relationship between the gut

microbiota and inflammatory markers in OSA-related hypertension.

2 | METHODS

2.1 | Patients

This study was approved by the Institutional Review Board and Ethics
Committee of Wannan Medical College, China, and was performed
in line with the principles outlined in the Declaration of Helsinki.
An observational case-controlled research was conducted at the Vas-

cular Disease Centre of Wannan Medical College and the Third
affiliated hospital of Anhui Medical University, from August 2021
to December 2021. During this period, hypertension patients were
screened for inclusion. Hypertension was defined as blood pressure
>140/90 mmHg. Patients diagnosed with secondary hypertension, his-
tory of acute or chronic inflammatory diseases were excluded. Patients
who had recently (3 months) used antibiotics, probiotics, or onco-
logic treatment were also excluded. To evaluate the risk of OSA in
hypertensive patients, the NoSAS questionnaire, a well-validated tool
for differentiating OSA, was adopted.!* Patients suspected with OSA
underwent a full night of polysomnography (PSG). Fasting blood was
collected on the second day after hospitalization. The blood was cen-
trifuged at 3000 rpm for 10 min to obtain plasma. Fecal samples were
collected in sterile tubes. All samples were stored in the —80°C fridge

until use.

2.2 | OSA assessment and grouping

A standard PSG was used to diagnose OSA. After examination for
one night, apnea-hypopnea index (AHI) was computed as the average
number of episodes of apnea and hypoxia per hour, and the oxygen
desaturation index (ODI) was determined as the number of desatu-
ration episodes per hour. Patients were stratified into three groups
based on the value of AHI and the absence of snoring: A (controls, non-
snorers and AHI < 5, n = 15), B (mild OSA, 5 < AHI < 20,n = 17),C
(moderate-to-severe OSA, AHI > 20, n = 20). In a two-group analysis,
groups B and C were combined as the OSA group (AHI > 5), and group
A served as the control group (AHI < 5). The lowest oxygen saturation
and overnight mean oxygen saturation were also recorded.

2.3 | Cytokine analysis

Interleukin (IL)-18 (IL-18) and tumor necrosis factor a (TNF-a) levels
were measured using commercial ELISA kits (Yubo, Shanghai, China).
2.4 | Sampling and 16S RNA sequencing

Fresh fecal samples were collected in a sterile stool tube and immedi-
ately stored ina —80° refrigerator. The gut microbiota composition was
analyzed using 16s RNA sequencing of variable regions 3-4. Genomic
DNA was extracted from samples using the CTAB/SDS method. DNA
concentration and purity were determined through 1% agarosegels.
The barcode-specific primer was used to amplify the 16s rRNA genes.
All PCR reactions were carried out in 30 ul reactions with 15 ul of
PhusionHigh-Fidelity PCR Master Mix (New England Biolabs). The PCR
products were quantified, qualified, and mixed in equidensity ratios,
and then purified with the AxyPrepDNA Gel Extraction Kit (AXYGEN,
USA). Sequencing libraries were generated using NEB NextUItraDNA
Library Prep Kit for Illumina (NEB, USA) following the manufacturer’s
instructions. The library quality was evaluated on the Qubit@ 2.0 Flu-
orometer (Thermo Scientific) and Agilent Bioanalyzer 2100 system.

The library was then sequenced on an lllumina NovaSeq 600 platform
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FIGURE 1 Obstructive sleep apnea changes plasma total cholesterol, low-density lipoprotein, inflammation markers, and gut microbiota
composition. Group C (AHI > 20) had higher plasma levels of total cholesterol (A), low density lipoprotein (B) and IL-18 compared with group A
(AHI < 5). Group C was associated with decreased relative abundance of Bacteroidetes (E) and increased F/B ratio (F) compared with group A and
group B (5 < AHI < 20). Group C had lower relative abundance of Bacteroides (G) compared with group A, and decreased Prevotella (H) compared
with group B. Data are represented as mean + SEM.n= 15, 17, and 20 in group A, group B, and group C, respectively. *P < .05 versus group A,

#P < .05 versus group B. F/B, The ratio of Firmicutes to Bacteroidetes. AHI, apnea-hypopnea index; IL-18, Interleukin-18; SEM, standard error of the

mean; TNF-a, tumor necrosis factor a.

and 250 bp paired-end reads were generated. These experiments were
conducted in line with the manufacturer’s recommendations.

The UPARSE software package was used to analyze the sequences,
using UPARSE-OTU and UPARSE-OTUref algorithms. The Opera-
tional Taxonomic Unit (OTU) method was used to analyze alpha and
beta diversity. Quantitative analysis of biomarkers within various
groups was conducted using the LDA Effect Size (LEfSe) method.!>
The Phylogenetic Investigation of Communities by Reconstruction of
Unobserved States (PICRUSt) algorithm was used to predict the bac-
terial functional profiling,’® and the Kyoto Encyclopedia of Genes
and Genomes (KEGG) database was used as a functional reference
resource.'”

2.5 | Statistics

Data were presented as the mean + standard deviation (SD). Mann-
Whitney U-test and independent t-test were used to compare two
groups, and one-way ANOVA followed by Turkey post hoc analyses
were performed to compare differences among three groups. Pear-
son’s (two-tailed) correlation coefficients were calculated to estimate
correlations between gut microbial composition (relative abundance)

and inflammatory markers. The sensitivity and specificity of the rel-

ative abundance of various taxa in detecting OSA status were deter-
mined by analyzing the receiver operating characteristic (ROC) curve.
Statistical analyses were conducted using the SPSS Software version
22.0 (SPSS Inc., Chicago, IL, USA). P value less than .05 was considered
statistically significant.

3 | RESULTS

A total of 52 patients were enrolled after matching by age and gen-
der. They were classified into three groups based on the estimated
severity of OSA: A (controls, non-snorers and AHI < 5,n = 15), B (mild
OSA, 5 < AHI < 20, n = 17), C (moderate-to-severe OSA, AHI > 20,
n = 20). There were no significant differences in gender (P = .25),
age (P = .94), body mass index (BMI, P = .06) and ratio of diabetes
(P =.98). The three groups had similar blood pressure-lowering med-
ication as well as hypertension duration (Supplementary Table S1).
There was no difference in renal function among the three groups.
Notably, group C exhibited significantly higher concentrations of total
cholesterol (P =.017) and low-density lipoprotein (P = .014) compared
with group A (Figure 1A,B). The levels of triglyceride were comparable
among the groups (Table 1).
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TABLE 1 Characteristics of the participants

Group A
Gender (female/male) 3/12
Age (years) 51.73 + 11.09
BMI (kg/m?) 24.67 + 3.09
Percentage of diabetes [n (%)] 3(20.0)
AHI (events/h) 1.95 + 1.35
ODI (events/h) 1.24 + 1.29
Mean SpO, (%) 94.82 + 1.42
Lowest SpO, (%) 88.20 + 5.39
Total cholesterol (mmol/L) 4.15 + .82
Low density lipoprotein (mmol/L) 248 + .64
Triglyceride (mmol/L) 151 + .99
TNF« (pg/ml) 1149 + 2.28
IL-18 (pg/ml) 7.79 + 1.92

Group B Group C Pvalue
4/13 1/19 .25
51.12 + 10.76 52.35 + 10.43 .94
26.36 + 4.88 28.19 + 442 .06
3(17.6) 4(20.0) .98
11.10 + 5.53* 41.00 + 12.77* <.001
9.66 + 6.79 35.08 + 17.07* <.001
89.24 + 23.82 93.13 + 14.03 576
85.20 + 5.95* 77.35 + 11.79* .005
450 + .76 4.94 + 84* 022
271 + .62 3.16 + .75* 015
212 + 1.35 1.87 + .80 279
12.93 + 2.88 13.94 + 3.83 .186
8.34 + 1.94 9.78 + 2.35* .022

Data are mean + standard deviation or percentages. *Indicates P < .05 versus group A. AHI, apnea-hypopnea index; BMI, body mass index; IL-1f, interleukin

(IL)-1B; ODI, oxygen desaturation index; TNF-c, tumor necrosis factor a.

Analysis of the PSG showed that AHI was significantly higher in
groups C and B (P < .05 for all), than in group A. Group C exhibited
higher ODI and lower lowest SpO, compared with group A. However,
the mean SpO, was not significantly different among the three groups
(Table 1).

There were no significant differences in levels of TNFa (P = .186)
among the groups, but the plasma level of IL-13 was significantly higher
in group C compared with group A (P =.025) (Figure 1C,D) (Table 1).

3.1 | Gut microbiota analysis
3.1.1 | Richness and diversity

The richness and diversity as well as the structure of the gut micro-
biota in OSA (AHI > 5) and control patients (AHI < 5) were compared.
Notably, the specaccum curve was stable as the sample numbers
increased to 50, indicating that the 52 samples were adequate for the
evaluation of the gut microbial diversity (Figure 2A). Figure 2 depicts
the alpha diversity expressed by the Chao1 index, Observed species
index, Shannon index, and Simpson index. The Shannon index was
lower in the OSA group compared with the control group (P = .03)
(Figure 2D).

3.1.2 | Alterations in bacteria abundance

The structure of the gut microbiome varied between groups. Supple-
mentary Table S2 summarizes the most abundant phyla in each group.
The one-way ANOVA was employed to compare the top 10 taxa across
three groups. At the phylum level, we found that group C had a lower
relative abundance of Bacteroidetes than group A (P = .015) and B
(P=.014) (Figure 1E). The Firmicutes to Bacteroidetes (F/B) ratio was sig-

nificantly higher in group C than in groups A (P <.001) and B (P =.002)
(Figure 1F). Compared with the control group, OSA patients had a
higher value of F/B ratio (P = .025) (Figure 2F).

The most abundant genera are presented in Supplementary Table
S3. At the genus level, group C had a lower relative abundance of
Bacteroides than group A (P = .028) (Figure 1G). Prevotella relative
abundance was lower in group C than in group B (P =.042) (Figure 1H).

For further characterization, the LEfSe method®> was employed
to identify the main taxa determining differences between control
and OSA patients. As demonstrated in Figure 3A, OSA patients were
enriched with Megamonas, Lactobacillus, Megasphaera, and Coprococcus
at the genus level, while Alistipes, Eubacterium_coprostanoligenes, Blau-
tia, Roseburia, Fusobacteria, and Ruminococcus_gnavus were depleted
compared with control. Based on KEGG, these significant differencesin
the fecal microbiome suggested that group C had enhanced pathways
involved in cell motility and metabolic diseases (Figure 3B), whereas
group A had inhibited pathways including transport and catabolism,

cofactor and vitamin metabolism, and energy metabolism.

3.1.3 | Association between fecal microbiota and
plasma IL-1f3

Using Pearson'’s test, we found that Bacteroidetes (r = —.641) and Bac-
teroides (r = —.530) showed a moderate negative correlation with the
IL-18 level (Table 2).

3.1.4 | Discriminative value of gut taxa for OSA
Using ROC analysis, we attempted to discriminate OSA patients from

controls to identify predictive features of various taxa (Supplementary
Table S4). The ROC-area under the curve (AUC) value for the BMI was
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FIGURE 2 Alphadiversity indices in patients with obstructive sleep apnea. The specaccum curve (A) was stable as the sample numbers
increased to 50. Alpha diversity parameters including Chao1 (B), Observed species (C), and Simpson index (E) were not significantly changed in
obstructive sleep apnea (OSA) patients, while Shannon index (D) was reduced in OSA patients. Compared with control, OSA patients had a higher
value of F/B ratio (F).n = 15 and 37 in control and OSA group, respectively.
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TABLE 2 Relationship between taxa and plasma levels of
interleukin —1 obtained by Pearson’s test

Taxa Pvalue rvalue
Phyla Firmicutes 1101 232
Bacteroidetes .001 —.641
Proteobacteria .028 .309
Actinobacteria .580 .079
Fusobacteria .902 -.018
Verrucomicrobia .862 -.025
Tenericutes 430 -.113
Epsilonbacteraeota 459 —.106
Patescibacteria .945 -.010
Euryarchaeota .970 —-.005
F/Bratio 0.022 0.320
Genera Bacteroides .001 —.530
Faecalibacterium .875 .023
Escherichia .069 257
Blautia .848 .027
Roseburia .390 123
Prevotella9 .017 —.333
Klebsiella .093 .238
Subdoligranulum 237 -.114
Megamonas 297 —.149
Ruminococcus 811 -.034

The correlation r value more than .4 (less than —.4) is considered moderate
correlation.

.643, and two taxa were associated with a higher ROC-AUC value than
BMI (Supplementary Figure S1): Epsilonbacteraeota (.651) and Mega-
monas (.692). The AUC value of F/B in predicting OSA was .672. Gut
microbiota F/B value of more than 3.2 showed a 51.4% sensitivity and

93.3% specificity in detecting positive OSA status (Figure 3C).

4 | DISCUSSION

Majority of previous studies included both hypertension and non-
hypertension subjects. Because hypertension may interact with gut
microbiota, the confounding effects of hypertension could not be ruled
out. Contrary to previous studies, the current study investigated gut
microbiota alteration in hypertensive patients who also had OSA. The
gut microbial community of OSA patients showed alterations, includ-
ing a decrease in the relative abundance of SCFA-producing bacteria
(e.g., Bacteroides and Prevotella) and an increase in inflammation-related
bacteria (e.g., Lactobacillus).'® We also observed an increased level
of inflammatory cytokines and hyperlipidemia in OSA. The ROC-AUC
value implied that gut microbiome information might be used to iden-
tify OSA patients from controls in the hypertensive population. Our
findings show that gut microbiota plays a critical role in OSA-related

hypertension, and might be associated with metabolic comorbidities.

Recent studies have reported alterations in gut microbiota with its
metabolites in patients with hypertension and OSA.1%20 We previously
demonstrated that chronic intermittent hypoxia, one of the key fea-
tures of OSA, was associated with gut dysbiosis, and increased blood
pressure in rats.2! Besides increasing the risk of incident hypertension,
OSA makes it difficult to treat high blood pressure. Clinically, OSA may
contribute to poor control of blood pressure,?? with more than 70% of
resistant hypertension patients suffering from OSA.23 In this study, the
Shannon index showed that hypertensive patients with OSA had lower
bacterial biodiversity. Moreover, we observed a significantly elevated
F/B ratio, which is widely considered a sign of gut microbiota imbal-
ance, and extensively used as a biomarker for assessing pathological
status.242> Yang et al. demonstrated that in spontaneously hyper-
tensive rats and chronic angiotensin Il infusion-induced hypertension
rats, gut dysbiosis manifested as a significant decrease in microbial
richness and diversity, as well as increased F/B ratio.2® Furthermore,
they found that these changes were associated with a reduction in
SCFA-producing bacteria.2® We observed a similar dysbiotic pattern,
indicating that OSA-related hypertension has aggravated gut dysbiosis
in comparison with other types of hypertension. Notably, patients with
significant OSA (group C) showed reduced relative abundance of Bac-
teroidetes and higher F/B compared with mild OSA (group B), implying
that gut dysbiosis may be associated with OSA severity.

Microbial dysbiosis has been associated with increased permeabil-
ity of the intestinal epithelial barrier, resulting in local and systemic
inflammation and metabolic disorders.2”-2% The gut microbiota and
its metabolites influence reverse cholesterol transport, adipose tissue
inflammation, and plasma lipid levels.2? In the current study, hyper-
tensive patients with significant OSA showed elevated levels of IL-13
and dyslipidemia, indicating that OSA increased the risk of metabolic
abnormalities. This result might be attributed to OSA-induced gut dys-
biosis, especially the decrease of SCFA-producing bacteria. The SCFA,
which mainly comprised acetate, propionate, and butyrate, attenuates
systemic inflammation and lowers blood pressure.'330 Bacteroidetes,
a phylum that produces acetate, were associated with decreased
production of inflammatory mediators.®! In our case, we observed
that Bacteroidetes was significantly lower in patients with significant
OSA. Also, Bacteroides and Prevotella are propionates- and butyrate-

producing bacteria,32-34

and their abundance was lower in patients
with OSA. These changes in gut microbiota composition may con-
tribute to an enhanced inflammatory response. Additionally, the LEfSe
analysis revealed that Lactobacillus was enriched in OSA patients.
Lactobacillus was associated with inflammatory bowel disease.*8-35 Lac-
tobacillus is also positively associated with trimethylamine N-oxide
(TMAO) levels.3¢ The TMAO has been associated with the risk of
CVDs such as vascular inflammation,3” atherosclerosis, and heart
failure.® Moreover, TMAO promotes angiotensin Il-induced vaso-
constriction and aggravates angiotensin Il-induced hypertension.3?
Therefore, Lactobacillus enrichment may play a critical role in OSA-
related disorders. We also found that OSA was associated with an
increased abundance of Megamonas, which promotes the biosynthe-
sis of lipopolysaccharide,*° a significant inflammation stimulator.? In

addition, the present study found that Megasphaera was enriched in
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OSA patients. Megasphaera was previously linked to fibrotic markers,
including type | collagen cross-linked c-telopeptide and procollagen
type 1 n-terminal propeptide.*? These changes in the gut microbial
composition may account for OSA-related CVD risk. Furthermore,
some taxa were associated with inflammatory cytokine. Moreover, the
predictive functional analysis indicated that patients with significant
OSA had enhanced pathways involving cell motility and metabolic dis-
eases, supporting the above results. Taken together, OSA might lead to
a disease-related dybiosis in patients with hypertension.

OSA is a major cause of refractory hypertension, which is more
likely to damage the target organs.*® Therefore, it is important to
isolate OSA-related hypertension from another form of hyperten-
sion. However, in clinical practice, OSA is usually misdiagnosed and
hence undertreated.!? Based on the significant alteration of gut micro-
biota, we postulated that gut taxa might be useful in the detection
or exclusion of those hypertension with OSA. We observed that F/B,
Epsilonbacteraeota, and Megamonas had a moderate ROC-AUC value in
the determination of OSA. Notably, obesity or overweight is a signif-
icant predictor of OSA,** while the above taxa indices seemed to be
more effective than BMI in detecting OSA.

Our study had several limitations. Firstly, the enrolled sample size
was small, and thus the results should be interpreted with caution. Sec-
ondly, although several taxa have been linked to inflammation markers,
we did not detect bioactive metabolites like SCFAs, lipopolysaccharide,
and TMAO. Therefore, the causal effects of gut microbiota on patients
with hypertension and OSA need further investigation. Thirdly, mul-
tiple factors may contribute to the pathophysiology of hypertension,
whereas we only studied OSA-related gut dysbiosis in hypertension,
leaving out other comorbidities. Fourthly, only two inflammatory mark-
ers were examined in this study, while additional biomarkers such as
IL-6 and CRP might provide better persuasion. However, the associa-
tion between inflammatory markers and OSA has been well established
previously,*> which is in line with the present study. Fifthly, the poten-
tial effects of metabolic status (e.g., obesity, dyslipidemia, and glucose
intolerance) on OSA should be considered. We observed that OSA
patients were more likely to have metabolic abnormalities such as
dyslipidemia. However, whether gut dysbiosis in patients with OSA is
indicative of underlying impaired metabolism (rather than OSA per se)
cannot be eliminated.

5 | CONCLUSION

In patients with hypertension, OSA is associated with exacerbated gut
dysbiosis, including decreased SCFA-producing bacteria and increased
inflammation-related bacteria. These changes in gut microbiota dis-
criminate hypertension patients with OSA comorbidity and may lead
to enhanced inflammatory response and elevated risk of metabolic
diseases. Our study suggests that OSA-associated gut microbiota
alteration plays an important pathophysiological role in patients with

hypertension, and might be a target for diagnosis and treatment.
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