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Background: Systemic arterial hypertension is linked to a heightened risk of
cardiovascular diseases on a global scale. In Mexico, nearly half of adults in
vulnerable conditions experience hypertension. Imbalance in the oral and
intestinal microbiota composition has been observed in patients with
hypertension, documented by a decrease of bacteria producing short-chain
fatty acids, which play a critical role in blood pressure regulation.

Aim: To examine the cytokines’ profile and assess the characteristics of oral and
gut microbiota in obesity-related hypertension in Mexican patients.

Methods: A cross-sectional, observational, and analytical study was carried out.
Twenty-two patients were categorized by their body mass index (BMI) as
overweight and obese, and the diagnosis of primary hypertension. DNA from
supragingival dental plaque and feces samples was used to carry out 16S rRNA
sequencing. Additionally, 13 cytokines were quantified.

Results: In the oral microbiota, Kluyvera was found to be significantly enriched in
obese compared to overweight patients. Instead, the gut microbiota was
dominated by Firmicutes. However, the correlation between certain genera
and proinflammatory cytokines was noted.
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Conclusion: This exploratory study provides insights into the complex
relationship between the oral and gut microbiota and their association with
systemic inflammation in obesity-related hypertension.

KEYWORDS

human microbiome, oral microbiota, gut microbiota, obese, overweight, high blood
pressure, arterial hypertension

1 Introduction

Systemic arterial hypertension, a worldwide public health problem,
is a pathology that can be preventable or treated to decrease premature
death and disability in the population. It is associated with an increased
risk of cardiovascular diseases such as coronary heart disease, stroke,
chronic kidney disease, and heart failure (Unger et al.,, 2020). In 2015,
the global prevalence was estimated at 1,130 billion people (Zhou et al.,
2017), which means it affects 30 to 45% of the adult population (Chow
etal, 2013), causing 10.4 million deaths per year (Mills et al., 2020). In
Mexico, 49.2% of adults in vulnerable conditions suffer from
hypertension (Campos-Nonato et al, 2019) and the incidence in the
year 2018-2019 was 12%.

The hypertension is a multifactorial disease in which genetic and
environmental factors are involved; among the causal factors are
overweight and obesity, the latter increasing the incidence by 2.2
times (Campos-Nonato et al., 2018; Romero-Martinez et al., 2019). In
addition, diets rich in sodium and carbohydrates contribute to the
development of this disease (Jaques et al., 2021). Several authors have
investigated the microbiota involvement in the development of
hypertension, describing a significant decrease in the gut microbial
richness and diversity compared to non-hypertensive subjects (Yang
et al,, 2015). Patients with high blood pressure (HBP) show a higher
abundance of the genera Klebsiella, Parabacteroides, Desulfovibrio,
and Prevotella in fecal samples, as well as a lower abundance of short-
chain fatty acids (SCFA)-producing taxa, related to the genera
Faecalibacterium, Roseburia, and Bifidobacterium, and
Ruminococcaceae family (Verhaar et al., 2020). This holds utmost
importance because SCFA play a significant role in regulating blood
pressure. These metabolites are produced through the fermentation
of carbohydrates that are not digested by the gut microbiota (Silva
et al,, 2020). Among them, acetate, propionate, and butyrate have
been extensively studied. The binding of acetate and propionate to G-
protein-coupled receptors, specifically GPR-43 and GPR-41, has been
associated with decreased blood pressure levels in mouse models
(Marques et al., 2018). Conversely, obese patients have been found to
exhibit elevated levels of the Bacteroidetes phylum, as well as
increased fecal SCFA when compared to healthy controls
(Schwiertz et al,, 2010; Tanaka, 2020). Studies have identified
specific changes in the gut microbiota of obese patients, including
an increase in the Firmicutes phylum, as well as the presence of
genera such as Clostridium, and species such as Eubacterium rectale,
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Clostridium coccoides, Clostridium histolyticum, Lactobacillus reuteri,
Akkermansia muciniphila, and Staphylococcus aureus (Gomes et al,
2018). Overall, these findings suggest that obesity-associated gut
dysbiosis may contribute to increased blood pressure (Tanaka, 2020).

In addition, the dysbiosis of the oral cavity has been linked to
hypertension and cardiovascular disease. Specifically, an increased
abundance of bacteria such as Aggregatibacter actinomycetemcomitans,
Porphyromonas gingivalis, Tannerella forsythia, Treponema denticola,
and Prevotella intermedia, has been proposed to be associated with the
development of systemic arterial hypertension. A study exploring the
microbiota of hypertensive older women documented that Prevotella and
Streptococcus oralis were present in lower abundance compared to
women with normal blood pressure (Schwiertz et al., 2010; Gomes
et al, 2018). Another relevant regulator of blood pressure is the nitric
oxide (NO), firstly released by immune cells (Xiao and Harrison, 2020);
thus, the involvement of the oral microbiota in the reduction of nitrates
from the diet has been analyzed, resulting in the synthesis of nitric oxide,
which is considered an important vasodilator and responsible for normal
blood pressure. Among the species related to the reduction of nitrates in
the oral cavity, genera such as Veillonella, Actinomyces, Rothia, and
Neisseria are identified (Lamonte et al.,, 2022).

Likewise, some studies have identified the low-grade
inflammatory state induced by obesity, finding a correlation with
the BMI and pro-inflammatory cytokines such as IL-6 and TNF
identified in serum of obese patients (Borges et al., 2018), which
contributes as a risk factor in cardiovascular diseases (Battineni
et al, 2021). The production of leptin in obese patients was
identified as a pro-inflammatory factor, which promotes a TH1
response (Coppola et al., 2021); besides, the release of TNF increases
leptin expression and triggers the low-grade inflammatory state
(Obradovic et al.,, 2021). There is the knowledge that the endothelial
expression VCAM-1 is inhibited by NO, and the decreases
bioavailability in hypertensive patients, promote the immune cells
binding to the endothelium and increases the signals of pro-
inflammatory cytokines (Xiao and Harrison, 2020).

We hypothesize that dysbiosis may be related to a pro-
inflammatory state influencing the high blood pressure in these
patients, furthermore, the characterization of the oral (OM) and gut
microbiota (GM) complex concerning obesity-related hypertension
in the Mexican population, correlated with the systemic
inflammatory profile, has not been described. Therefore, the aim
of the present study was to examine the cytokines’ profile and assess
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the diversity of oral and gut microbiota in (overweight, obese I, and
obese>I) patients classified, according to the blood pressure, as with
systemic arterial hypertension and normal blood pressure. By
knowing whether the diversity of the microbiota influence on
blood pressure, weight, and inflammatory profile, we could
suggest that a dietary intervention may improve their health
status. After the evaluation, most of the patients were diagnosed
with normal blood pressure (Non-HBP), and particularly in the
overweight group, more than half of the patients were diagnosed
with hypertension (HBP).

2 Materials and methods

2.1 Patients

We designed a cross-sectional, observational, and analytical
study. The recruited patients underwent evaluation to assess their
body mass index (BMI) and to diagnose primary systemic arterial
hypertension. We excluded patients diagnosed with secondary
hypertension, cancer, other chronic-degenerative diseases, or HIV/
AIDS, chronic intake of alcohol or drugs, antibiotics in the 2 months
prior to the study, NSAIDs, oral contraceptives, and any medication
other than antihypertensive. In addition, patients with a history of gut
surgery, and absorption disorders, as well as patients with serum
creatinine greater than 1.3 mg/dL, pregnancy, and lactation were
excluded. The present study was approved by the ethics and scientific
committees of the National Institute of Cardiology (Instituto
Nacional de Cardiologia “Ignacio Chavez”) with No. 2018-41, and
the Medicine Faculty (Facultad de Medicina, Universidad Nacional
Autonoma de Mexico) with the registration code FM/DI/030/SR/
2019, according to the ethical guidelines of Helsinki and good clinical
practices. After obtaining prior informed consent, patients were
instructed to observe a fasting period of 12 hours. Subsequently, a
comprehensive anamnesis evaluation, an oral evaluation, and an
electrocardiogram were conducted for each patient.

According to the WHO parameters, patients were categorized
by their BMI as overweight (25-29 kg/m®), obese I (30-34 kg/m?),
and obese >I (> 34 kg/m*). Hypertension was considered according
to current guidelines as high-normal: Systolic Blood Pressure (SBP)
130-139 mmHg, high-normal: Diastolic Blood Pressure (DBP) 85
-89 mmHg; Grade 1: SBP 140-159 mmHg, DBP 90-99mmHg;
Grade 2: SBP 2160mmHg and DBP >100mmHg (Unger et al,
2020). According to this guideline, the patients diagnosed with
hypertension were allocated in the high blood pressure group
(HBP), and those without a hypertension diagnosis in the non-
high blood pressure group (Non-HBP).

2.2 Blood pressure measurements

The measurement was carried out in agreement with clinical
practice standards using an automatic measurement system
(OMRON HEALTHCARE, INC, USA; model BP710). Following 5-
minute period of rest in a quiet environment with a warm
temperature, the blood pressure measurement was carried out
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adhering to the following considerations: the patient was instructed
to maintain silence, sit with an upright and supported posture, ensure
both feet were correctly positioned on the floor, have an empty
bladder, without having consumed caffeine or smoked in the previous
3 hours. An ideal bracelet in size was used for each patient, later the
blood pressure was identified in all four limbs to rule out asymmetry;
later the arm with the major blood pressure was chosen. After an
additional rest period of 5 minutes, 3 measurements were made with
an interval of 3 minutes between them. The final blood pressure was
obtained from the average of the last two measurements.

2.3 Metabolic and
anthropometric measurements

A blood sample of 10 ml was obtained from fasting patients to
perform the measurement of serum glucose, lipid profile, complete
blood biometry, blood chemistry, thyroid profile, and C-reactive
protein. Samples were analyzed using standard methodologies in the
Central Laboratory of the National Institute of Cardiology (Instituto
Nacional de Cardiologia “Ignacio Chavez”). Body conformation
measurements of all patients were taken using an impedance scale
(OMRON HEALTHCARE, INC, USA) which determined their weight
and height. During this measurement, patients were instructed to
remove their shoes and wear only a clinical gown.

2.4 Biological samples

a) Supragingival dental plaque: patients were advised to avoid
tooth brushing, flossing, and using mouthwash for 24 hours. The
plaque sample was collected by scraping the vestibular and lingual
surfaces of all dental organs with a sterilized % Gracey curette. The
sample was transferred to a polypropylene sterile container
(Eppendorf tube) with 70% ethanol and stored at -20°C until
DNA extraction (Hernandez-Ruiz et al., 2023).

b) Feces: a sample of approximately 5g was collected by patients
in a sterile container; it was indicated to keep in refrigeration until
delivery, for a maximum period of 8 hours. The samples were kept
at -80°C until DNA extraction.

2.5 DNA extraction and 16S
rRNA sequencing

The DNA extraction of supragingival plaque samples was
performed using the EZ-10 Spin Column Genomic DNA
Minipreps kit, Animal (Bio Basic Inc) according to the
manufacturer’s instructions; otherwise, the DNA extraction of
feces was performed using the QIAamp Fast DNA Stool Mini Kit
(Qiagen, Hilden, Germany) following the manufacturer’s protocol.
The concentration and purity were determined through the UV
spectrophotometry method using the NanoDrop 2000c
(ThermoFisher Scientific Waltham, MA, US). The values of
A260/280 were determined for each sample considering a range
between 1.8-2.0. Integrity was determined by electrophoresis in 1%
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agarose gel stained with ethidium bromide and visualized on a
ChemiDoc MPTM UV transilluminator (Bio-Rad Hercules, CA,
US). Extracted DNA samples were sent to Novogene for 16S rRNA
sequencing and the libraries and sequencing were performed
according to their protocols using the NovaSeq 6000 PE250
platform (Illumina). The amplified 16S rRNA region was V3-V4,
and the primers and sequences used for amplification were: 341F (F:
forward): 5> CCTAYGGGRBGCASCAG-3’ and 806R (R: reverse):
5GGACTACNNGGGTATCTAAT-3".

2.6 16S rRNA data analysis

The 16S rRNA data analysis was performed using “Quantitative
Insights into Microbial Ecology 2” (QIIME2) [v.2020.11]. The
analysis protocol was previously described by our group
(Hernandez-Ruiz et al., 2023). Taxonomy of the supragingival
plaque samples was assigned using the Human Oral Microbiome
(eHOMD) v.15.2 databases at 99% identity pre-trained for the V3-V4
region (Escapa et al., 2018). The gut samples, as well as the complex of
oral and gut niches, were analyzed using the Silva v.132 databases at
99% identity. Alpha-diversity was estimated using two metrics of
Observed features and Shannon compared with the Mann-Whitney
U-test; while beta-diversity was performed using the Bray-Curtis
index and visualized using principal coordinate analysis. The
differences between groups were assessed by Permutational
Multivariate Analysis of Variance (PERMANOVA, adonis, R, 999
permutations). The differential taxonomic analysis had been
performed by DESeq?2 as previously described in (Curini et al., 2023).

2.7 Cytokines' quantification

A panel of 13 cytokines was measured in serum samples using
the LEGENDplex Human Essential Immune Response Panel kit
(13plex, Biolegend). In detail, we included in our report:
interleukin-4 (IL-4), IL-1B, IL-6, IL-10, tumor necrosis factor
(TNF), interferon-y (IFN-y), and transforming growth factor-B1
(TGF-P1). The FACSAria flow cytometer from Biosciences in San
Jose, CA, USA, was used for this protocol and data obtained were
analyzed with the LEGENDplex Data Analysis Software Suite
(https://legendplex.qognit.com).

2.8 Statistical analysis

Continuous variables were presented as median value and
interquartile range. For the statistical analysis and graphic
representation, R software [v.4.1.2] was used. Statistical analysis
was performed using Student’s t-test for parametric data, as well as
the Kruskal-Wallis or Mann-Whitney U-test for non-parametric
values, after analyzing the distribution of data using the Shapiro-
Wilk test, and Chi-square for continuous variables. A p-value < 0.05
was set for significance. Correlation analysis was performed by
Spearman’s rho. p-values were corrected for multiple comparisons
using the Benjamini-Hochberg FDR procedure.
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3 Results
3.1 Enrolled patients

We have enrolled twenty-two patients who were classified,
according to their BMI, as overweight (n=10), obese I (n=5), and
obese>I (n=7); according to the blood pressure, eighteen patients
were diagnosed with systemic arterial hypertension at primary stage
1-2 (HBP group, 81.8%), and four had normal blood pressure (Non-
HBP group, 18.2%). All the patients with normal blood pressure
were overweight. Their median age was 36.3 years, with 68.2% being
men and 31.8% being women. There were no significant differences
observed in gender distribution between the study groups (p>0.05,
Chi-square). Demographic and clinical characteristics are
summarized in Table 1. By oral evaluation, all patients presented
a DMF index (decay, missed, filled index) >6.6, considering a very
high risk of caries.

3.2 Microbiota analysis in patients stratified
according to BMI

The relative abundance at the phyla and genera level of the oral
and the gut microbiota in patients divided according to their BMI
are reported in Figures 1, 2, respectively. First, the analysis of the
alpha diversity and beta diversity of the oral (Figures 3A, B) and gut
microbiota (Figures 3C, D) suggested that the overall structure of
microbial communities was similar in patients with different BMI.
In both sites, the five most prevalent phyla were: Firmicutes,
Bacteroidetes, Proteobacteria, Fusobacterium, and Actinobacteria.

In the oral cavity, the analysis of the Firmicutes/Bacteroidetes
ratio among the BMI categories didn’t show statistical differences,
although this ratio tended to be higher in obese I patients than the
other groups [1.3 (IQR= 1.05-1.7)]. In agreement, the genera level,
the top three most abundant genera vary among different BMI
categories. In detail, in overweight patients, the top three genera by
relative abundance were as follows: Veillonella (13.5%), Prevotella
(11.8%), and Streptococcus (11.8%). In the obese category I, they were
Neisseria (13.2%), Haemophilus (11.6%), and Streptococcus (11.6%).
Finally, for the obese>I, the most abundant genera were Prevotella
(16.6%), Veillonella (15.4%), and Streptococcus (9.6%) (Figure 1B).

According to the results of the differential taxonomic analysis,
in obese category >I patients, we observed significantly higher levels
of two genera belonging to the Proteobacteria phylum when
compared to overweight patients. Specifically, the genus Kluyvera
(log2FoldChange =36.649, p.adj=1.488e-24, DESeq2), and Yersinia
(log2FoldChange=8.390, p.adj= 4.3618e-02, DESeq2). In
addition, the genus Kluyvera displayed significantly higher levels
in obese category I when compared to overweight patients
(log2FoldChange=22.432, p.adj = 6.277¢-07, DESeq2).

Regarding the gut microbiota, the most abundant phylum in
overweight patients was the Firmicutes (average relative abundance
of 50%) whereas in obese I and obese>I patients was Bacteroidetes
(52.9%, and 46.7% respectively) (Figure 2A). Analyzing the F/B ratio
for the BMI categories, we reported no statistical differences, although
the F/B ratio tended to be higher in overweight patients compared to
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TABLE 1 Clinical characteristics of patients, according to their weight status.

10.3389/fcimb.2023.1325261

Overweight n = 10 Obese In=5 Obese>In =7 Overalln = 22 p-value
Subjects, n (%) 10 (45.5) 5(22.7) 7 (31.8) 22 (100.0)
Sex
Female 4(18.2) 2(9.1) 1(4.5) 7 (31.8) 0.507 ¥
Male 6 (27.3) 3 (13.6) 6 (27.3) 15 (68.2)
Age
33.9 +10.2 380 +9.3 38.6 + 8.5 36.3 + 9.4 0.657
29.5 [26.6 - 41.2] 37.0 [26.5 - 49.6] 42.0 [30.7 - 46.5] 36.0 [27.5 - 46.3]
Height, mt
1675+ 7.6 164.6 + 8.5 1704 + 8.9 167.8 + 8.1 0.892
169.0 [162.0 - 172.9] 169.0 [154.0 - 175.2] 168.0 [162.1 - 178.7] 168.0 [163.0 - 171.0]
Weight, kg
78.3 + 6.0 89.4 + 9.0 1247 +20.8 95.6 + 24.3 > 0.0001* *
78.0 [74.0 - 82.6] 86.0 [78.2 - 100.6] 132.0 [105.4 - 144.0] 85.5 [78.0 - 105.8]
Blood Pressure
Systolic 133.1 +24.1 156.4 + 15.6 1553 + 159 1455 + 22.4 0.087
128.5 [115.8 - 150.4] 163.0 [137.0 - 175.7] 152.0 [140.6 - 170.0] 148.0 [129.3 - 166.5]
Dyastolic 94.8 + 14.9 1094 + 12.5 113.1 + 132 100.8 + 14.5
92.5 [84.2 - 105.5] 110.0 [93.9 - 124.9] 99.0 [91.0 - 115.3] 99.0 [90.3 - 110.5]
Health status
Non-HBP 4(182) 4(182) 0.11"
HBP 6 (27.3) 5(22.7) 7 (31.8) 18 (81.8)
BMI
284+ 1.6 326+ 1.6 42.1+64 338 7.1 011"
29.2 [27.3 - 29.7) 33.2 [31.6 - 33.7] 39.7 [38.4 - 44.4] 31.0 [29.5 - 38.0]
Note.

HBP: High blood pressure; Non-HBP: Non-High blood pressure; BMI: body mass index; IQR: interquartile rank; SD: Standard deviation.

Data are indicated as number and percentage n (%), otherwise are presented as mean + SD and median [IQR].

Non-parametric Mann-Whitney U-test was applied to compare two groups (Overweight vs Non-HBP/HBP)

The Kruskal-Wallis test was applied to compare variables with more than two groups, Overweight vs Obese I vs Obese>1.

" Fisher's exact test was applied to evaluate the association between qualitative variables, and when more than 20% of cells have expected frequencies < 5; otherwise, # chi-square with Yate’s
correction to prevent the overestimation of statistical significance for small data when 'zero cells' are present in a 2 x 2 contingency table. The level of significance was established as *p < 0.05.

the other groups [1.1 (IQR=0.7-1.6)]. At the genus level, Prevotella_9
was the most abundant intestinal taxa in all patients. Among
overweight patients, the top three genera were Prevotella_9 (20.6%),
Faecalibacterium (9.4%), and Bacteroides (8.9%). In obese I and
obese>I patients the most abundant genera were Prevotella_9
(21.2% and 24.2%, respectively) and Bacteroides (18.2%, and
10.2%) (Figure 2B). However, no statistically significant differences
were found in the GM taxonomic composition among groups.

3.3 Microbiota analysis in obese patients
with and without hypertension

Next, we compared the Non-HBP (N=4) and HBP (N=6) groups
within the overweight category. Regarding the alpha-diversity
analysis of the oral (Figure 4A) and gut (Figure 4C) microbiota; we
observed in OM a no significant higher diversity index in HBP
patients in the Observed features [p=0.35] and Shannon index
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[p=0.76] by Mann Whitney-U test. In addition, we described in
GM a no significant lower diversity in the same group in Observed
features [p=0.61] and Shannon index [p=0.48] by the same test; even
the beta-diversity analysis suggesting that the groups cauterize
separately, but the PERMANOVA results did not show statistical
differences of the oral (Figure 4B) and gut microbiota (Figure 4D).
We analyzed the F/B ratio of the oral microbiota, and the results did
not show statistical differences, although there was a tendency to be
higher in HBP patients than Non-HBP patients [1.3 (IQR 1.1-1.5)].
Regarding the OM composition, we found a different
relative abundance of the genera Ruminococcaceae_[G-2]
(log2FoldChange=-3.315, p.adj=0.001, DESeq2), Butyrivibrio
(log2FoldChange=-7.597; p.adj=0.001, DESeq2),
Eggerthia (log2FoldChange= -7.027, p.adj=0.004,
DESeq2), Pedobacter (log2FoldChange= -8.158), p.adj=0.007,
DESeq2), Staphylococcus (log2FoldChange= 7.955,
p.adj=0.007, DESeq2) and Fastidiosphila (log2FoldChange=
-5.887, p.adj=0.007, DESeq2) in HBP compared to Non-HBP
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FIGURE 1

Taxonomic composition at phyla (A) and genera level (B) of oral microbiota according to the weight status (overweight, obese |, obese>l). Bar plot

shows the relative abundance of bacterial taxa in each sample.

patients. Instead for the GM composition and the F/B ratio (data
not shown), we didn’t document any statistical difference between
Non-HBP and HBP patients.

Lastly, in the same patients we compared the oral and gut
microbiota composition and as expected, the PCoA analysis
displayed distinct clustering (Figure 5), suggesting that the variance
among both niches was determined to be 37% (R* = 037, p=0.001)
(Figure 5A). Interestingly, the Venn diagrams (Figure 5B) revealed the
presence of three genera shared in both niches, namely Prevotella_2,
Alloprevotella, Streptococcus. Conversely, we identified 11 genera
specific for HBP patients (Dialister, Veillonella, Corynebacterium,
Actinomyces, Leptotrichia, Capnocythophaga, Bacteroides, Prevotella,
Prevotella_7, Porphyromonas, and Fusobacterium) (Figure 5C).

3.4 Serum cytokines profiling

Compared to other groups, the overweight patients seems to
have higher concentration (pg/ml) of different evaluated cytokines,
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in detail TL-1B [16.3 (2.10- 42.68)], IL-8 [9.8 (6.09-14.41)], IL-4
[106.0 (15.96- 137.52)] and TGB-P [25.9 (10.40-207.90)]; whereas
the obese >I patients, showed a trend towards higher concentration
of IL-6 [42.2 (27.05-47.95)], TNF [1.72 (0-12.52)]; IFN-y [23.53
(1.18-84.49)] and IL-10 [4.75 (3.31-8.69)]. However, we did not
document any significant differences among the studied groups
(Figure 6). Additionally, no difference was observed among Non-
HBP and HBP patients (Supplementary Table 1).

3.5 Correlation of cytokines
and microbiome

In the correlation analysis with the Spearman’s rank test
adjusted for multiple comparison by Benjamini Hochberg, we
examined the relationship between the five most abundant genera
found in the oral cavity (Streptococcus, Veillonella, Prevotella_7,
Neisseria, and Haemophilus) and in the gut (Prevotella_9,
Bacteroides, Faecalibacterium, Alloprevotella, and Bifidobacterium)
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FIGURE 2

Taxonomic composition at phyla (A) and genera level (B) of gut microbiota according to the weight status (overweight, obese |, obese>l). Bar plot

shows the relative abundance of bacterial taxa in each sample.

and the tested cytokines’ levels (Figure 7). Regarding the GM, the
analysis revealed that Bacteroides correlated negatively with IL-1 (r
[-.73], p.adj = 0.0005) and IFN-y (r [-.66], p.adj = 0.002), while
Alloprevotella correlated negatively with IL-1f (r[-.78], p.adj=
0.0001), and IFN-y (r[-.65], p.adj = 0.004).

In addition, the oral genus Streptococcus correlated negatively
with IL-6 (r [-.50], p.adj = 0.03), while Veillonella correlated
negatively with IL-6 (r[-.69], p.adj = 0.001), TNF (r[-.65], p.adj =
0.003), also with IL-10 (r [-.80], p.adj = 0.00006), and IL-4 (r[-.74],
p-adj = 0.0003). Finally, we found a positive correlation of
Haemophilus with IL-18 (r[.69], p.adj = 0.002), with TGF-B (r
[.80], p.adj = 0.00005) and IL-8 (r[-.64], p.adj = 0.003) (Figure 7).

4 Discussion

In this study, we investigated the oral and gut microbiota
composition as well as the serum cytokines™ profile in Mexican
patients with and without hypertension, stratified according to their
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BMI category. Understanding the interplay between the microbiota
and cytokines’ signatures in the context of hypertension and obesity
may offer valuable insights into the pathophysiology of
these conditions.

In agreement with previous studies (Dewhirst et al., 2010) in the
OM composition, the most abundant phyla were Firmicutes,
Bacteroidetes, Proteobacteria, Fusobacteria, and Actinobacteria.
OM dysbiosis has been associated with various oral (such as
gingivitis, and periodontitis) and systemic diseases, including
2021). Furthermore, the
presence of Firmicutes, and especially the genera Granullicatella

cardiovascular disease (Sohail et al.,

and Streptococcus, in the oral cavity has been positively correlated
with BMI, poor oral hygiene, and obesity. Interestingly, both genera
were identified in our study cohorts, being among the 25 most
prevalent types of bacteria in the oral cavity (Raju et al,, 2019). In
addition, the enrolled patients displayed gingivitis and high risk of
caries, in that case, we suggest that the poor oral hygiene are related
to the microbiota diversity. The most frequent genera identified in
oral microbiota were Veillonella, Prevotella, Streptococcus, Neisseria,
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Alpha and beta diversity analysis of patients according to weight status and

gender of oral (A, B) and gut microbiota (C, D). Alpha diversity analysis

was performed by Observed features and the Shannon index. Statistical differences were evaluated using Kruskal-Wallis test. P-values less than 0.05

were considered statistically significant (A, C). Principal coordinate analysis

Haemophilus, and Fusobacterium which have been previously
classified as part of the “core saliva microbiome” (Goh et al,
2019; Yang et al., 2019; Yang et al., 2019; Kasai et al., 2015).
According to studies, obesity or a predisposition to weight gain
is connected to an increase in Actinomyces, Aggregatibacter, and
Firmicutes and a decrease in Bifidobacterium and Lactobacillus in
the oral microbiota (Rosing et al., 2017; Raju et al., 2019; Sohail
et al, 2021); indeed, in the present cohort, the PERMANOVA
analysis of beta diversity showed that the degree of obesity
accounted for 7% of the variance in the oral samples. Morover,
we identified Prevotella as the most abundant genus in obese>I
patients, as shown in other analysis in obese patients that reported a
high abundance of periodontal pathogens (Tribble et al, 2019;
Maciel et al, 2016). We observed that the genus Kluyvera was
enriched in obese>I compared to overweight patients. There have
been reports about the pathogenic activity and antibiotic resistance
of the genus Kluyvera, although it is generally considered as
commensal bacteria in respiratory, urinary, and intestinal tract
(Lee et al, 2019). Interestingly, in gut samples, Kluyvera was
found to correlate negatively with 25-hydroxy vitamin D in obese
women with polycystic ovary syndrome (Bai et al, 2023),
highlightening the potential significance of Kluyvera in different
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of beta diversity by Bray Curtis index (PERMANOVA, R?, p-value) (B, D).

disease contexts and warranting further investigation into its role in
obesity-related conditions. Finding genus Kluyvera enriched in the
group of Mexican patients with in obese>I, it is interesting to
expand its study.

In agreement with previous studies, we reported no significant
difference in comparing alpha and beta diversity between
hypertensive patients and controls (Goh et al., 2019; Morou-
Bermudez et al,, 2022). However, we observed a trend towards
greater abundance and richness in overweight HBP patients.

Furthermore, in HBP patients, we found an increase in the
genera Ruminococcaceae_G_2, Eggerthia, and Staphylococcus, all
belonging to the Firmicutes phylum. This finding is consistent with
the cohort analyzed by Sohail et al., where the phylum Firmicutes
was also identified with a higher abundance in patients with arterial
hypertension (Sohail et al., 2021). These similarities in the microbial
profiles between our study and previous data highlight the potential
role of the Firmicutes phylum in hypertension, suggest its relevance
in understanding the relationship between the gut microbiota and
cardiovascular health.

Of note, Prevotella_9 was the most abundant genera found in
the oral microbiota of enrolled patients. Prevotella genus is
considered an opportunistic pathogen in the development of
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periodontal diseases, and many studies found a positive correlation
between Prevotella, blood pressure, and glucose levels in adults, as
well as an association with adolescent overweight s (Yang et al,
2019; Kasai et al, 2015). Additionally, Prevotella and Streptococcus
have been linked to the increase in diastolic blood pressure in post-
menopausal stage women (Goh et al,, 2019; Morou-Bermudez
et al., 2022).

The significance of the relationship between oral dysbiosis and
hypertension risk was documented in subjects who were prescribed
oral antiseptics containing chlorhexidine. The use of these
antiseptics led to a greater abundance of Prevotella and
Leptotrichia in the oral microbiota, which was associated with a
decreased reduction in nitrates, which could potentially lead to an
increase in blood pressure (Tribble et al., 2019).

Regarding the gut microbiota, several studies have related the
intestinal Firmicutes/Bacteroidetes ratio alteration with the
development of some systemic diseases, including obesity (Goh
et al,, 2019; Raju et al,, 2019). In our study, the analysis of the F/B
ratio didn "t show any statistical differences, although it tended to be
higher in overweight patients than the other BMI groups. The gut is
a niche with extensively characterized microbiota, where the four
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most abundant phyla are Firmicutes, Bacteroidetes, Actinobacteria,
and Proteobacteria (Maciel, et al., 2016; Cresci and 1zzo, 2019; Chen
et al,, 2023). In the present study, the phylum Firmicutes was the
most abundant phyla in overweight patients, with a relative
frequency greater than % in the remaining patients. Besides, the
enrichments of some genera belonging to Firmicutes, such as
Lactobacillus and Streptococcus have been positively correlated
with BMI in other studies, we identified the Streptococcus among
the 25 most prevalent genera with similar frequency values in the
different patients’ subgroups. A probable explanation could be that
both groups consisted of overweight patients.

Based on the alpha and beta diversity analysis results, the GM
composition did not show significant differences among patients
sub-grouped by both BMI and blood pressure.

Previous studies on the gut microbiota of patients with
hypertension have reported a lower alpha diversity, suggesting gut
dysbiosis. This trend was observed also in our study, where, even if
not significantly, HBP patients showed a lower richness and
abundance compared to non-HBP patients. A similar finding was
reported in a previous Finland study (Mushtaq et al., 2018),
suggesting that in the presence of two or more multifactorial
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diseases, the level of diversity may not necessarily be lower when
compared to groups that only have one pathology. In the case of the
beta diversity analysis, we did not document significant results
regarding the different patients’ groups.

The composition of OM and GM in overweight patients has an
approximate similarity of 37%, as reported in previous findings
(Kaplan et al,, 2020; Li et al,, 2021). However, they differ in the
abundance of some bacterial species between the two niches.
Notably, some oral species have been detected in stool samples of
humans, with Streptococcus and Prevotella being associated with the
development of colorectal cancer (CRC). Along with these genera,
Peptostreptococcus, Parvimonas, and Fusobacterium were identified
in healthy subjects. (Flemer et al., 2018; Li et al, 2021). Likewise, in
CRC patients, it was documented that identical strains of
Fusobacterium nucleatum were identified in both niches,
suggesting that oral species can survive the acidic environment of
the stomach and reach the gut, which may play a role in CRC
development (Flemer et al.,, 2018; Komiya et al., 2019). Also, in a
cohort of healthy adults (average age of 35 years), have been
revelated 14 shared taxa between the samples of subgingival
plaque and feces, and some of them could not be identified in the
database of the human oral microbiome (Iwauchi et al, 2019;
Komiya et al, 2019). In our current analysis, we found three
genera that are shared between the oral and gut microbiota of
overweight patients. This finding aligns with previous studies that
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also identified similar genera, such as Streptococcus and Prevotella.
Additionally, we observed an increased abundance of species from
the Bacteroidetes phylum in the overweight patients’ microbiota.
These results suggest potential interactions and similarities between
the oral and gut microbiota in individuals with higher BMI.

Inflammatory cytokines play a crucial role in obesity and arterial
hypertension, as well as in other diseases. Chronic intestinal diseases
such as Crohn’s disease and ulcerative colitis are partially attributed
to an increase in TNF and IL-1B (Lacruz-Guzman et al., 2013). In
overweight Non-HBP patients, we documented a slight increase in
pro-inflammatory (such as TNF, IL-6, and IL-1f3) and regulatory
(including IL-10, IL-4, and TGF-B) cytokines compared to HBP
patients. Indeed, the increase in proinflammatory cytokines has been
well-documented in overweight and obese individuals. Adipose
tissue, especially in the context of excess fat accumulation, is
known to release a variety of proinflammatory cytokines into the
systemic circulation (Wang and He, 2018).

Indeed, the negative correlation observed between
proinflammatory cytokines (IL-6, IL-1B, TNF, and IFN-y) and
certain genera of gut bacteria (Bacteroides, Alloprevotella, and
Veillonella) in overweight individuals suggests a potential link
between gut dysbiosis and inflammation in the context of
weight status.

In addition, it is well known that gut microbiota impacts
maintaining immune homeostasis, influencing the host’s
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inflammatory response. A healthy GM is associated with the
production of anti-inflammatory cytokines and a balanced
immune system. While a taxonomic or functional dysbiosis has
been associated with increased inflammation and immune
dysfunction (Niccolai et al., 2020).

In overweight individuals, dysbiosis may lead to an altered
microbial profile, characterized by changes in the abundance of
specific genera such as Bacteroides, Alloprevotella, and Veillonella.
This dysbiosis may influence the production of proinflammatory
cytokines, including IL-6, IL-1, TNF, and IFN-y. On the other
hand, the positive correlation observed between Haemophilus and
proinflammatory cytokines (IL-1B, TGF-B, and IL-18) suggests that
this genus might be associated with an inflammatory response in
overweight individuals.

Overall, these findings highlight the intricate relationship
between the gut microbiota and the immune system in the
context of weight status. Dysbiosis may lead to an inflammatory
state, playing a role in the development or progression of metabolic
disorders, including obesity-related hypertension. Further research
is needed to fully understand the mechanisms underlying this
association and to explore potential therapeutic interventions
targeting the gut microbiota to mitigate inflammation and its
detrimental effects in overweight individuals.

Surely, the present study shows some limitations that need to be
acknowledged. Firstly, the number of enrolled patients is relatively
small, which might limit the statistical power to detect significant
differences, especially in subgroup analyses. A larger sample size
would have provided more robust and reliable results, allowing for a
more comprehensive assessment of the relationship between the
oral and gut microbiota and hypertension in different BMI
categories. Secondly, the study focused on Mexican patients, and
the findings may not be readily applicable to different ethnic or
geographical populations. The impact of ethnic and environmental
factors on GM composition is well-documented, and further studies
in diverse populations are necessary to better understand the global
relevance of the findings. Furthermore, the cross-sectional design of
the study limits our ability to establish causal relationships. It is
hard to define if the observed differences in the microbiota are a
cause or a consequence of hypertension and obesity. Longitudinal
studies would be more suitable for assessing the temporal
relationship between the microbiota and health outcomes. Lastly,
although the study considered relevant confounding factors such as
age and gender, there may still be other unmeasured confounders
that could influence the results. Diet, physical activity, and
medication use, among other factors, can influence the gut
microbiota and should be considered in future investigations.

5 Conclusion

This is the first study where two microbial niches are
simultaneously analyzed, and weight status is compared in
hypertensive and non-hypertensive Mexican patients. It is
important to remark that all patients presented some degree of
overweight or obesity, considered as a chronic inflammatory state
and allowed us to elucidate that the variability in the diversity of the
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microbiota among these patients is primarily influenced by body
weight. Additionally, through a comparison of the composition of
both environments, we were able to detect the migration of genera
from the oral cavity to the intestine. This finding underscores the
significance of the oral-gut axis and how it is impacted by the
dysbiosis observed in these patients.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.

Ethics statement

The studies involving humans were approved by the ethics and
scientific committees of the National Institute of Cardiology
(Instituto Nacional de Cardiologia “Ignacio Chavez”) with No.
2018-41, and the Medicine Faculty (Facultad de Medicina,
Universidad Nacional Autonoma de Meéxico) with the registration
code FM/DI/030/SR/2019. The studies were conducted in
accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study. Ethical approval was not
required for the study involving animals in accordance with the
local legislation and institutional requirements because the present
study involves research on humans.

Author contributions

MMA-G: Conceptualization, Funding acquisition, Project
administration, Writing - original draft. AA: Formal Analysis,
Supervision, Writing - review & editing. PH-R: Data curation,
Formal Analysis, Investigation, Methodology, Visualization,
Writing - original draft. AG-G: Investigation, Writing — original
draft. EN: Formal Analysis, Supervision, Writing - review & editing.
AM-R: Investigation, Writing - original draft. SP-C: Data curation,
Formal Analysis, Methodology, Writing — review & editing. AA-P:
Data curation, Formal Analysis, Investigation, Methodology,
Visualization, Writing - original draft. AE-M: Formal Analysis,
Investigation, Methodology, Supervision, Writing — original draft.
EO-R: Investigation, Writing - original draft. MG-S: Methodology,
Writing - review & editing. RS: Methodology, Writing — review &
editing. EB-B: Methodology, Writing — review & editing. NA-V:
Conceptualization, Project administration, Writing — original draft.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. We
appreciate the support of the DGAPA-PAPIIT grants number
IN218619 and 1N212422 funded by MMA-G.

frontiersin.org


https://doi.org/10.3389/fcimb.2023.1325261
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Aguirre-Garcia et al.

Acknowledgments

The authors are grateful to Ofelia Pérez-Olvera and Daniel A.
Sanchez-Almaraz, for assistance in the Unidad de Investigacion
UNAM-INC from the Facultad de Medicina, UNAM as well as Juan
Opyarzun Vaccaro for the writing & editing of the published work.
We acknowledge the technical support of Hindra Mariana Patlan
Vazquez and Silvia del Carmen Carrillo Sanchez from CORE-Lab,
Instituto Nacional de Cardiologia “Ignacio Chavez” for performing
flow cytometry determination. AM-R would like to thank Direcciéon
General de Calidad y Educacion en Salud for supporting her
participation in Programa Nacional de Servicio Social en
Investigacion en Salud. PH-R is a doctoral student from the
Programa de Doctorado en Ciencias Biomedicas, Universidad
Nacional Autonoma de Mexico (UNAM) and has received
CONACyT fellowship 737874. This paper is part of the work of
AG-G as a doctoral student from the Programa de Doctorado en
Ciencias Biomedicas, Universidad Nacional Autonoma de Meéxico
(UNAM) and has received CONACyT fellowship 583718.

References

Bai, X., Ma, J., Wu, X,, Qiu, L., Huang, R., Zhang, H., et al. (2023). Impact of visceral
obesity on structural and functional alterations of gut microbiota in polycystic ovary
syndrome (PCOS): A pilot study using metagenomic analysis. Diabetes Metab. Syndr.
Obes. 16, 1-14. doi: 10.2147/DMS0O.S388067

Battineni, G., Sagaro, G. G., Chintalapudi, N., Amenta, F., Tomassoni, D., and
Tayebati, S. K. (2021). Impact of obesity-induced inflammation on cardiovascular
diseases (CVD). Int. J. Mol. Sci. 22 (9), 4798. doi: 10.3390/ijms22094798

Borges, M. D., Franca, E. L., Fujimori, M, Silva, S. M., De Marchi, P. G., Deluque, A.
L., et al. (2018). Relationship between proinflammatory cytokines/chemokines and
adipokines in serum of young adults with obesity. Endocr. Metab. Immune Disord.
Drug Targets 18, 260-267. doi: 10.2174/1871530318666180131094733

Campos-Nonato, ., Hernandez-Barrera, L., Flores-Coria, A., Gomez-Alvarez, E., and
Barquera, S. (2019). Prevalence, diagnosis and control of hypertension in Mexican
adults with the vulnerable condition. Results of the Ensanut 100k. Salud Publica Mex.
61 (6), 888-897. doi: 10.21149/10574

Campos-Nonato, I, Hernandez-Barrera, L., Pedroza-Tobias, A., Medina, C., and
Barquera, S. (2018). Hypertension in Mexican adults: Prevalence, diagnosis, and type of
treatment. Ensanut MC 2016. Salud Publica Mex. 60 (3), 233-243.

Chen, B. Y., Lin, W. Z,, Li, Y. L., Bi, C,, Du, L. J,, Liu, Y., et al. (2023). Roles of oral
microbiota and oral-gut microbial transmission in hypertension. J. Adv. Res. 43, 147-
161. doi: 10.1016/j.jare.2022.03.007

Chow, C. K,, Teo, K. K., Rangarajan, S., Islam, S., Gupta, R., Avezum, A, et al. (2013).
Prevalence, awareness, treatment, and control of hypertension in rural and urban
communities in high-, middle-, and low-income countries. JAMA - J. Am. Med. Assoc.
310 (9), 959-968. doi: 10.1001/jama.2013.184182

Coppola, A., Capuani, B., Pacifici, F., Pastore, D., Arriga, R, Bellia, A,, et al. (2021).
Activation of peripheral blood mononuclear cells and leptin secretion: new potential
role of interleukin-2 and high mobility group box (HMGB)1. Int. J. Mol. Sci. 22, 7988.
doi: 10.3390/ijms22157988

Cresci, G. A., and Izzo, K. (2019). Gut microbiome: Adult short bowel syndrome.
Academic Press, 45-4. doi: 10.1016/B978-0-12-814330-8.00004-4

Curini, L., Alushi, B., Christopher, M. R,, Baldi, S., Di Gloria, L., Stefano, P., et al.
(2023). The first taxonomic and functional characterization of human CAVD-
associated microbiota. Microb. Cell. 10 (2), 36-48. doi: 10.15698/mic2023.02.791

Dewhirst, F. E., Chen, T, Izard, J., Paster, B. J., Tanner, A. C., Yu, W. H,, et al. (2010).
The human oral microbiome. J. Bacteriol. 192 (19), 5002-5017. doi: 10.1128/JB.00542-10

Escapa, I. F., Chen, T., Huang, Y., Gajare, P., Dewhirst, F. E,, and Lemon, K. P.
(2018). New insights into human nostril microbiome from the expanded human oral
microbiome database (eHOMD): A resource for the microbiome of the human
aerodigestive tract. mSystems 3, e00187-e00118. doi: 10.1128/mSystems.00187-18

Flemer, B., Warren Ryan, D., Barrett, M. P., Cisek, K., Das, A,, Jeffery, L. B., et al.

(2018). Gut microbiota The oral microbiota in colorectal cancer is distinctive and
predictive. Gut. 67, 1454-1463. doi: 10.1136/gutjnl-2017-314814

Frontiers in Cellular and Infection Microbiology

13

10.3389/fcimb.2023.1325261

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fcimb.2023.1325261/

full#supplementary-material

Goh, C. E,, Trinh, P., Colombo, P. C., Genkinger, J. M., Mathema, B., Uhlemann, A.
C., et al. (2019). Association between nitrate-reducing oral bacteria and
cardiometabolic outcomes: results from ORIGINS. J. Am. Heart Assoc. 8 (23),
e013324. doi: 10.1161/JAHA.119.013324

Gomes, A. C., Hoffmann, C., and Mota, J. F. (2018). The human gut microbiota:
Metabolism and perspective in obesity. Gut Microbes 9 (4), 308-325. doi: 10.1080/
19490976.2018.1465157

Hernandez-Ruiz, P., Amezcua-Guerra, L. M., Lopez-Vidal, Y., Gonzalez-Pacheco, H.,
Pinto-Cardoso, S., Amedei, A., et al. (2023). Comparative characterization of
inflammatory profile and oral microbiome according to an inflammation-based risk
score in ST-segment elevation myocardial infarction. Front. Cell Infect. Microbiol. 13.
doi: 10.3389/fcimb.2023.1095380

Iwauchi, M., Horigome, A., Ishikawa, K., Mikuni, A., Nakano, M., Xiao, J. Z., et al.
(2019). Relationship between oral and gut microbiota in elderly people. Immun.
Inflammation Dis. 7 (3), 229-236. doi: 10.1002/iid3.266

Jaques, D. A., Wuerzner, G., and Ponte, B. (2021). Sodium intake as a cardiovascular
risk factor: A narrative review. Nutrients 13 (9), 3177. doi: 10.3390/nu13093177

Kaplan, R. C., Wang, Z,, Usyk, M., Sotres-Alvarez, D., Daviglus, M. L., and
Schneiderman, N. (2020). Gut microbiome composition in the Hispanic Community
Health Study/Study of Latinos is shaped by geographic relocation, environmental
factors, and obesity. Genome Biol. 21 (1), 50. doi: 10.1186/s13059-020-01970-z

Kasai, C., Sugimoto, K., Moritani, I, Tanaka, J., Oya, Y., Inoue, H., et al. (2015).
Comparison of the gut microbiota composition between obese and non-obese
individuals in a Japanese population, as analyzed by terminal restriction fragment
length polymorphism and next-generation sequencing. BMC Gastroenterol. 15, 100.
doi: 10.1186/s12876-015-0330-2

Komiya, Y., Shimomura, Y., Higurashi, T., Sugi, Y., Arimoto, J., Umezawa, S., et al.
(2019). Patients with colorectal cancer have identical strains of Fusobacterium
nucleatum in their colorectal cancer and oral cavity. Gut. 68 (7), 1335-1337.
doi: 10.1136/gutjnl-2018-316661

Lacruz-Guzman, D., Torres-Moreno, D., Pedrero, F., Romero-Cara, P., Garcia-Tercero,
L, Trujillo-Santos, J., et al. (2013). Influence of polymorphisms and TNF and IL1f serum
concentration on the infliximab response in Crohn’s disease and ulcerative colitis. Eur. J.
Clin. Pharmacol. 69 (3), 431-438. doi: 10.1007/s00228-012-1389-0

Lamonte, M. J., Gordon, J. H., Diaz-Moreno, P., Andrews, C. A., Shimbo, D., Hovey,
K. M, et al. (2022). Oral microbiome is associated with incident hypertension among
postmenopausal women. J. Am. Heart Assoc. ]. Am. Heart Assoc. 11, 21930. doi:
10.1161/JAHA.121.021930

Lee, J., Hwang, J. H,, Jo, D. S, Lee, H. S., and Hwang, J. H. (2019). Kluyvera ascorbata
as a pathogen in adults and children: clinical features and antibiotic susceptibilities in a
single center study. Jpn J. Infect. Dis. 72 (3), 142-148. doi: 10.7883/yoken.JJID.2018.375

Li, Y., Cui, J, Liu, Y., Chen, K., Huang, L., and Liu, Y. (2021). Oral, tongue-coating
microbiota, and metabolic disorders: A novel area of interactive research. Front.
Cardiovasc. Med. 8. doi: 10.3389/fcvm.2021.730203

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcimb.2023.1325261/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2023.1325261/full#supplementary-material
https://doi.org/10.2147/DMSO.S388067
https://doi.org/10.3390/ijms22094798
https://doi.org/10.2174/1871530318666180131094733
https://doi.org/10.21149/10574
https://doi.org/10.1016/j.jare.2022.03.007
https://doi.org/10.1001/jama.2013.184182
https://doi.org/10.3390/ijms22157988
https://doi.org/10.1016/B978-0-12-814330-8.00004-4
https://doi.org/10.15698/mic2023.02.791
https://doi.org/10.1128/JB.00542-10
https://doi.org/10.1128/mSystems.00187-18
https://doi.org/10.1136/gutjnl-2017-314814
https://doi.org/10.1161/JAHA.119.013324
https://doi.org/10.1080/19490976.2018.1465157
https://doi.org/10.1080/19490976.2018.1465157
https://doi.org/10.3389/fcimb.2023.1095380
https://doi.org/10.1002/iid3.266
https://doi.org/10.3390/nu13093177
https://doi.org/10.1186/s13059-020-01970-z
https://doi.org/10.1186/s12876-015-0330-2
https://doi.org/10.1136/gutjnl-2018-316661
https://doi.org/10.1007/s00228-012-1389-0
https://doi.org/10.1161/JAHA.121.021930
https://doi.org/10.7883/yoken.JJID.2018.375
https://doi.org/10.3389/fcvm.2021.730203
https://doi.org/10.3389/fcimb.2023.1325261
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Aguirre-Garcia et al.

Maciel, S. S., Feres, M., Gongalves, T. E., Zimmermann, G. S., da Silva, H. D.,
Figueiredo, L. C., et al. (2016). Does obesity influence the subgingival microbiota
composition in periodontal health and disease? J. Clin. Periodontol. 43 (12), 1003-1012.
doi: 10.1111/jcpe.12634

Marques, F. Z., Mackay, C. R., and Kaye, D. M. (2019). Beyond gut feelings: how the
gut microbiota regulates blood pressure. Nat Rev Cardiol 15(1):20-32. doi: 10.1038/
nrcardio.2017.120

Mills, K. T., Stefanescu, A., and He, J. (2020). The global epidemiology of
hypertension. Nat. Rev. Nephrol. 16 (4), 223-237. doi: 10.1038/s41581-019-0244-2

Morou-Bermtdez, E., Torres-Colon, J. E., Bermudez, N. S., Patel, R. P., and
Joshipura, K. J. (2022). Pathways linking oral bacteria, nitric oxide metabolism, and
health. J. Dent. Res. 101 (6), 623-631. doi: 10.1177/00220345211064571

Mushtag, N., Hussain, S., and Xu, J. (2018). Molecular characterization of gut
microbiota in obese and lean hypertensive patients. J. Bacteriol. Parasitol. 9 (5), 1-7.

Niccolai, E., Boem, F., Emmi, G., and Amedei, A. (2020). The link “Cancer and
autoimmune diseases” in the light of microbiota: Evidence of a potential culprit.
Immunol. Lett. 222, 12-28. doi: 10.1016/j.imlet.2020.03.001

Obradovic, M., Sudar-Milovanovic, E., Soskic, S., Essack, M., Arya, S., Stewart, A. J.,
et al. (2021). Leptin and obesity: role and clinical implication. Front. Endocrinol.
(Lausanne) 12. doi: 10.3389/fendo.2021.585887

Raju, S. C., Lagstrom, S., Ellonen, P., de Vos, W. M., Eriksson, J. G., Weiderpass, E.,
et al. (2019). Gender-specific associations between saliva microbiota and body size.
Front. Microbiol. 10. doi: 10.3389/fmicb.2019.00767

Romero-Martinez, M., Shamah-Levy, T., Vielma-Orozco, E., Heredia-Hernandez,
0., Mojica-Cuevas, J., Cuevas-Nasu, L., et al. (2019). National health and nutrition
survey 2018-19: methodology and perspectives. Salud Publica Mex. 61 (6), 917-923.
doi: 10.21149/11095

Rosing, J. A., Walker, K. C,, Jensen, B. A. H., and Heitmann, B. L. (2017). Oral
lactobacillus counts predict weight gain susceptibility: A 6-year follow-up study. Obes.
Facts 10 (5), 473-482. doi: 10.1159/000478095

Schwiertz, A., Taras, D., Schifer, K., Beijer, S., Bos, N. A., Donus, C., et al. (2010).
Microbiota and SCFA in lean and overweight healthy subjects. Obesity. 18 (1), 190-195.
doi: 10.1038/0by.2009.167

Frontiers in Cellular and Infection Microbiology

14

10.3389/fcimb.2023.1325261

Silva, Y. P., Bernardi, A., and Frozza, R. L. (2019). The role of short-chain fatty acids
from gut microbiota in gut-brain Communication. Front Endocrinol (Lausanne) 11:25.
doi: 10.3389/fend0.2020.00025

Sohail, M. U., Hedin, L., and Al-Asmakh, M. (2021). Dysbiosis of the salivary
microbiome is associated with hypertension and correlated with metabolic syndrome
biomarkers. Diabetes Metab. Syndr. Obes. 14, 4641-4653. doi: 10.2147/DMS0.S325073

Tanaka, M. (2020). Improving obesity and blood pressure. Hypertens. Res. 43 (2), 79—
89. doi: 10.1038/s41440-019-0348-x

Tribble, G. D., Angelov, N., Weltman, R., Wang, B. Y., Eswaran, S. V., Gay, I. C,, et al.
(2019). Frequency of tongue cleaning impacts the human tongue microbiome
composition and entero salivary circulation of nitrate. Front. Cell Infect. Microbiol. 9,
39. doi: 10.3389/fcimb.2019.00039

Unger, T., Borghi, C., Charchar, F,, Khan, N. A,, Poulter, N. R,, Prabhakaran, D., et al.
(2020). 2020 International society of hypertension global hypertension practice guidelines.
Hypertension 75 (6), 1334-1357. doi: 10.1161/HYPERTENSIONAHA.120.15026

Verhaar, B. J. H., Collard, D., Prodan, A., Levels, J. H. M., Zwinderman, A. H.,
Bickhed, F., et al. (2020). Associations between gut microbiota, fecal short-chain fatty
acids, and blood pressure across ethnic groups: the HELIUS study. Eur. Heart J. 41 (44),
4259-4267. doi: 10.1093/eurheartj/ehaa704

Wang, T., and He, C. (2018). Pro-inflammatory cytokines: The link between obesity and
osteoarthritis. Cytokine Growth Factor Rev. 44, 38-50. doi: 10.1016/j.cytogfr.2018.10.002

Xiao, L., and Harrison, D. G. (2020). Inflammation in hypertension. Can. J. Cardiol.
36 (5), 635-647. doi: 10.1016/j.cjca.2020.01.013

Yang, T., Santisteban, M. M., Rodriguez, V., Li, E,, Ahmari, N., Carvajal, ]. M., et al.
(2015). GUT MICROBIOTA DYSBIOSIS IS LINKED TO HYPERTENSION HHS public
access. Hypertension. 65 (6), 1331-1340. doi: 10.1161/HYPERTENSIONAHA.115.05315

Yang, Y., Cai, Q., Zheng, W., Steinwandel, M., Blot, W. J., Shu, X. O., et al. (2019).
Oral microbiome and obesity in a large study of low-income and African-American
populations. J. Oral. Microbiol. 11 (1), 1650597. doi: 10.1080/20002297.2019.1650597

Zhou, B., Bentham, J., di Cesare, M., Bixby, H., Danaei, G., Cowan, M. ], et al. (2017).
Worldwide trends in blood pressure from 1975 to 2015: a pooled analysis of 1479

population-based measurement studies with 19-1 million participants. Lancet 389
(10064), 37-55. doi: 10.1016/S0140-6736(16)31919-5

frontiersin.org


https://doi.org/10.1111/jcpe.12634
https://doi.org/10.1038/nrcardio.2017.120
https://doi.org/10.1038/nrcardio.2017.120
https://doi.org/10.1038/s41581-019-0244-2
https://doi.org/10.1177/00220345211064571
https://doi.org/10.1016/j.imlet.2020.03.001
https://doi.org/10.3389/fendo.2021.585887
https://doi.org/10.3389/fmicb.2019.00767
https://doi.org/10.21149/11095
https://doi.org/10.1159/000478095
https://doi.org/10.1038/oby.2009.167
https://doi.org/10.3389/fendo.2020.00025
https://doi.org/10.2147/DMSO.S325073
https://doi.org/10.1038/s41440-019-0348-x
https://doi.org/10.3389/fcimb.2019.00039
https://doi.org/10.1161/HYPERTENSIONAHA.120.15026
https://doi.org/10.1093/eurheartj/ehaa704
https://doi.org/10.1016/j.cytogfr.2018.10.002
https://doi.org/10.1016/j.cjca.2020.01.013
https://doi.org/10.1161/HYPERTENSIONAHA.115.05315
https://doi.org/10.1080/20002297.2019.1650597
https://doi.org/10.1016/S0140-6736(16)31919-5
https://doi.org/10.3389/fcimb.2023.1325261
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Cytokine and microbiota profiles in obesity-related hypertension patients
	1 Introduction
	2 Materials and methods
	2.1 Patients
	2.2 Blood pressure measurements
	2.3 Metabolic and anthropometric measurements
	2.4 Biological samples
	2.5 DNA extraction and 16S rRNA sequencing
	2.6 16S rRNA data analysis
	2.7 Cytokines’ quantification
	2.8 Statistical analysis

	3 Results
	3.1 Enrolled patients
	3.2 Microbiota analysis in patients stratified according to BMI
	3.3 Microbiota analysis in obese patients with and without hypertension
	3.4 Serum cytokines profiling
	3.5 Correlation of cytokines and microbiome

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


