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Abstract — Objective: Dysbiosis of the oral microbiota is considered a trigger for immuno-inflammatory pro-
cesses at the root of many dysfunctions in the body. It is suspected in the etiology of arterial hypertension. How-
ever, few studies have investigated the potential impact of the oral microbiome on the etiology of hypertension.
This work sought to evaluate the influence of Prevotella intermedia and Tannerella forsythia oral dysbiosis on the
risk of hypertension in the South African population.

Patients and Methods: A case-control study was conducted involving saliva samples from 24 healthy partic-
ipants and 23 hypertensive patients who attended the Gateway Clinic in Mthatha, Eastern Cape Province. DNA
was extracted from the samples, and real-time PCR was conducted to detect the presence of target bacteria in
both groups. The fold change in bacterial presence was then calculated for comparison.

Results: Findings showed that hypertensive participants consumed more coffee (38.30%) and were less physi-
cally active (46.81%) than non-hypertensives while suffering more dental problems. Although both target bacteria
were present in both groups, only P. intermedia exhibited a notably greater abundance in the hypertensive group.
Conclusions: This study suggests that lifestyle habits, such as coffee consumption, lack of exercise, poor oral
hygiene, and oral dysbiosis characterized by P. intermedia, could play a role in the onset or aggravation of hyper-
tension, with potential implications for dental health.
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INTRODUCTION

The oral cavity, like the urogenital tract, skin, respiratory tract, and gastrointestinal system, is home
to extremely diverse microbiota essential to the body’s proper functioning’. These microbial ecosy-
stems, made up of complex communities of microbes and their genetic material?, vary according
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to the specific features of each body zone (intestine, skin, lungs, mouth). These microorganisms
evolve due to numerous factors, such as diet, hygiene, age, genetics, migration, and the environ-
ment'2. The oral flora, for example, consists mainly of bacteria capable of attaching themselves
firmly to teeth and gums, enabling them to resist daily cleaning*. Imbalances in this flora have been
associated with various non-communicable diseases, such as diabetes®¢, cancer’, inflammatory
bowel disease?, obesity®, asthma'®, preterm birth"', and many others.

Hypertension, a major global health problem, is one of the main risk factors for heart disease,
such as stroke and heart failure'™. It affects many people in South Africa, and government efforts are
not stopping its progression. It is also frequently associated with co-morbidities such as obesity, type
2 diabetes, and chronic kidney disease'®. While progress has been made in understanding the ge-
netic and environmental factors influencing blood pressure', the relationship between hypertension
and microbiota remains underexplored in South Africa, particularly concerning the oral microbiome.

Despite a limited number of studies on the link between the oral microbiome and hyperten-
sion'>'%, no research has yet targeted African populations, notably the Mthatha region in South
Africa. This region, where socio-environmental factors play an important role, could influence mi-
crobiota composition and, consequently, affect the risk of developing hypertension. In this context,
bacteria such as Prevotella intermedia and Tannerella forsythia, already known to be involved in
periodontal disease, have not yet been sufficiently studied concerning this pathology. Due to their
role in chronic inflammation, these bacteria could cause systemic invasions that can disrupt blood
pressure regulation'.

Thus, this research aims to fill this gap by analyzing the oral microbiota composition, focusing
on P. infermedia and T. forsythia, in the context of hypertension. By studying these bacteria in he-
althy hypertensive individuals in Mthatha, this study aims to shed light on the potential relationship
between the oral microbiome and blood pressure regulation while considering the specificities of
the local population. This work sought to contribute to a better understanding of the microbial fac-
tors influencing hypertension, particularly in a uniquely African context.

Study Design

The study was conducted at Gateway Clinic and Walter Sisulu University’s (WSU) Human Physio-
logy Laboratory on the Nelson Mandela Drive (NMD) campus in Mthatha, Eastern Cape Province.
This case-control study used convenience sampling to select 23 hypertensive patients (cases) and
24 non-hypertensive participants (controls) at the Gateway Clinic.

Inclusion Criteria

This study included participants aged 18 and older, both male and female, with a confirmed dia-
gnosis of hypertension, as well as non-hypertensive individuals. Before their inclusion, the blood
pressure of control participants was measured to confirm it was within the normal range, ensuring
their non-hypertensive status was not mistakenly attributed to a lack of medical consultation.

Exclusion Criteria

The study excluded nursing and pregnant women, people currently or who had used antibiotics
in the past three months, as well as diabetic and asthmatic patients. Additionally, individuals with
chronic conditions, who had not signed a consent form, who had received periodontal treatment
in the past six months, who were suffering from severe immunosuppression, or who had an acute
infection at the time of enrolment were also excluded.

Anthropometric Measurements

Height was measured using a TCS-200-RT stadiometer. The participant was instructed to remo-
ve shoes and bulky clothing, ensuring their head, heels, buttocks, and shoulder blades were in
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contact with the stadiometer. The feet were positioned with a small gap between the legs, the feet
pointing straight ahead, and the ear canal aligned with the cheekbone. The horizontal arm of the
stadiometer was adjusted to rest gently on top of the participant’s head, and height was recorded
to the nearest centimeters. Weight, body fat percentage (%), and muscle percentage (%) were
measured using an Omron BF511 digital scale. Participants were instructed to remove heavy outer
clothing and shoes and empty their pockets. They were instructed to stand still in the center of
the platform with a 10 cm gap between their heels to ensure weight distribution across both legs.
Weight was recorded in kilograms.

Saliva Sample Collection

Unstimulated saliva was collected from all participants following the protocol described by Jo et
al'®. Before collection, participants rinsed their mouths with mineral water to remove food debris,
then waited approximately 30 minutes to allow natural saliva production and minimize sample
dilution. A minimum of 1 mL of saliva was collected from participants by allowing it to pool in the
mouth and spit into a sample tube. Samples were immediately stored in a cooler containing ice and
transported to the laboratory, where they were stored at -80°C within 3 hours of collection to ensure
DNA stability for subsequent analysis.

DNA Extraction and Quantification

According to the manufacturer’s protocol, DNA extraction from saliva samples was performed using
the ZymoBIOMICSTM DNA Extraction Miniprep Kit. Then, DNA concentration and purity were as-
sessed using a Nanodrop spectrophotometer (Thermo Scientific, NND-1 ND-ONE-W-1PR22, Thai-
land). To prevent degradation by chemical and enzymatic processes, extracted DNA was stored as
a precipitate in ethanol at -80°C™°.

Probe or Primer Sets for Real-Time PCR

The species-specific region on the 16S rRNA was used to design the TagMan probe and primer
sets (Table 1) and were utilized to detect P. intermedia and T. forsythia. Additionally, as reported by
Barbadoro et al?°, the total amount of selected eubacterial species in the specimens was quantified
using a universal primer pair that was based on the conserved region of the 165S rRNA gene. The
primers and TagMan probes were ordered and synthesized from Ingaba biotecTM (South Africa).

Amplification of DNA Through Real-Time PCR

Real-time PCR was performed using a CFX 96 Real-Time System, and all samples were run in
duplicates. Each PCR was carried out in a total volume of 20 pL, consisting of 10 uL of Luna Uni-

TABLE 1. SEQUENCES OF PRIMERS AND PROBES USED REAL-TIME PCR?.

Bacteria Primers and probes

Prevotella intermedia 5'-TCCACCGATGAATCTTTGGTC-3’
5--ATCCAACCTTCCCTCCACTC-3’
5-FAM-CGTCAGATGCCATATGTGGACAACATCG-TAMRA-3’

Tannerella forsythia 5-AGCGATGGTAGCAATACCTGTC-3'
5-TTCGCCGGGTTATCCCTC-3’
5’-FAM-TGAGTAACGCGTATGTAAACCTGCCCGC-TAMRA-3’

Universal 5’-TCCTACGGGAGGCAGCAGT-3’
5’-GGACTACCAGGGTATCTAATCCTGTT-3’
5-FAM-CGTATTACCGCGGCTGCTGGCAC-TAMRA-3’
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versal Probe qPCR Master Mix, 0.8 pL each of forward and reverse primers, 0.4 ul of probe, 2 pL
of template DNA solution and an appropriate dose of sterilized Nuclease-free water. Amplification
was conducted on the CFX 96 Real-Time System using a specified thermocycling program. At the
annealing temperature, a fluorescence signal was observed to measure intensity. Fluorescence
data was analyzed using CFX Manager Dx 3.1 (v3.1.3090.1022) Win C216125 software. The theo-
retical cell numbers were determined by calculating the bacterial DNA level through qRT-PCR, as
previously described by Barbadoro et al?®.

Ethical Considerations

The study was conducted in accordance with the Declaration of Helsinki. The Research and
Ethics Committee of the Faculty of Medicine and Health Sciences, Walter Sisulu University
granted ethical approval for the study (protocol code 012/2022; Approval Date: 23 February
2022) for ethical and biosafety clearance. Before taking part in the study, each participant si-
gned an informed consent form after being fully briefed on our research’s aims and challenges.
To ensure confidentiality, unique codes were assigned to each participant, replacing the use
of their names.

Statistical Analysis

Data were initially captured using Microsoft Excel, then cleaned and transferred to Stata 18 for
data analysis. The mean and standard deviation of frequency distributions and descriptive statisti-
cs were examined. Ct values were determined for each bacterium. The AACt was then calculated
to assess the relative change in gene expression. To do this, the relative delta-delta method was
applied, allowing Cq values to be converted into relative quantities, which aligns with the method
described by Pfaffl?'. An unpaired t-test was applied to assess differences in bacterial expression
and quantification between the two groups. Results were considered statistically significant if the
p-value was 0.05 or less.

RESULTS
Demographic Characteristics of the Study Population

This study involved forty-seven participants from the Gateway Clinic in Mthatha, in the Eastern
Cape province. The mean age of the participants was 44.57 + 11.70 years, with an age range of
18 to 80 years. The participants were divided into two groups: hypertensive (n=23, 48.9%) and
non-hypertensive (n=24, 51.06%). Approximately 68.04% of the participants were female, while
32.92% were male. Most participants (53.19%) were between 40 and 80 years old, while 46.81%
were between 18 and 40 years old. Most participants were married (59.58%) and lived in rural
areas (55.32%). A significant proportion of participants had completed high school or higher educa-
tion (82.98%), while only 17.02% had attended primary school. About 57.44% of participants were
employed. Regarding body weight, 72.34% of participants were overweight, while 27.66% had a
normal weight (Table 2).

Lifestyle and Oral Health Habits Parameters

Table 3 reveals significant differences between hypertensive and non-hypertensive partici-
pants regarding their lifestyle and oral health habits. Hypertensive participants had a greater
propensity to consume coffee (38.30%) and avoid physical exercise (46.81%) than non-hyper-
tensive, with only 2.13% of hypertensives engaged in physical activity. What’s more, a high pro-
portion of hypertensive participants had dental problems, with 68.09% complaining of missing
teeth and 59.57% of tooth decay. In contrast, non-hypertensives had a higher rate of dental
consultations (31.91%).
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TABLE 2. SOCIO-DEMOGRAPHIC CHARACTERISTICS DIFFERENCE
AMONG ESSC AND HEALTHY CONTROLS.

Hypertensive Non-hypertensive Total
Variables Categories n (%) n (%) (%)
Age (Years) 18-40 3(6.38) 19 (40.43) 22 (46.81)
40-80 20 (42.55) 5 (10.64) 25 (53.19)
Gender Female 21 (44.64) 11 (23.40) 32 (68.04)
Male 2 (4.26) 13 (27.66) 15 (32,92)
Marital status Single 13 (27.66) 6 (12.77) 19 (40.43)
Married 10 (21.28) 18 (38.30) 28 (59.58)
Place of residence Village 16 (34.04) 10 (21.28) 26 (55.32)
Township 7 (14.89) 14 (29.79) 21 (44.68)
Education level Primary 7 (14.89.00) 1(2.13) 8 (17.02)
HS &Tertiary 16 (34.04) 23 (48.94) 39 (82.98)
Employment Yes 7 (14.89) 20 (42.55) 27 (57.44)
No 16 (34.04) 4 (8.51) 20 (42.55)
BMI (Kg/m*2) Normal 1(2.13) 12 (25.53) 13(27.66)
Overweight 22 (46.81) 12 (25.53) 34(72.34)

HS: High School; BMI: body mass index.

TABLE 3. LIFESTYLE AND ORAL HEALTH HABITS IN HYPERTENSIVE VS.
NON-HYPERTENSIVE PARTICIPANTS.

Variables Hypertensive Non-hypertensive Total
of interest Categories n (%) n (%) (%)
Coffee consumption Yes 18 (38.30) 10 (21.28) 28 (59.58)

No 5(10.64) 14 (29.79) 19 (40.43)
Physical exercise Yes 1(2.13) 8 (17.02) 9 (19,15)
No 22 (46.81) 16 (34.04) 38 (80.85)
Alcohol consumption Yes 4 (8.51) 11 (23.40) 15 (31.91)
No 19 (40.43) 13 (27.66) 32 (68.09)
Smoking Yes 2 (4.26) 4 (8.51) 6 (12.77)
No 21 (44.68) 20 (42.55) 41 (87.23)
Teeth brushing per day 1/day 11 (23.40) 11 (23.40) 22 (46.80)
>1/day 12 (25.53) 13 (27.66) 25 (53.19)
Oral health history None 9 (19.15) 24 (51.06) 33 (70.21)
Yes 14 (29.79) 0 (00.00) 14 (29.79)
Missing teeth None 1(2.13) 14 (29.79) 15(31.92)
Once 22 (46.81) 10 (21.28) 32 (68.09)
Tooth decay Once had 13 (27.66) 15 (31.91) 28 (59.57)
Never 10 (21.28) 9 (19.15) 19 (40.43)
Dentist visit Once 10 (21.28) 15 (31.91) 40 (53.19)
Never 13 (27.66) 9 (19.15) 22 (46.81)

Presence and Abundance of Selected Bacteria

Figure 1 illustrates the presence and abundance of selected bacteria in participants. Analysis of
the results shows that T. forsythia and P. intermedia were detected in all saliva samples from both
hypertensive and non-hypertensive participants. In the non-hypertensive participants, the mean
abundance of P. intermedia was 6.99+0.60, while in the hypertensive group, it was slightly higher,
at 8.58+0.70 (p = 0.04). On the other hand, the abundance of T. forsythia was similar in both groups:
it was 11.13+0.96 in the non-hypertensives and 11.27+1.25 in the hypertensives (p = 0.97), sugge-
sting a stability of this bacteria in both populations.
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Figure 1. Bar graph shows Tanarella forsythia and Prevotella intermedia average relative abundance in nor-
mal and hypertensive participants. Normal distribution values are represented as mean+SD, p<0.05 is con-
sidered statistical significance. HT: hypertensive; Normal: non-hypertensive.

Relative Fold Change

Table 4 shows the relative change in bacterial abundance for P. infermedia and T. forsythia. The re-
sults show that P. intermedia abundance decreased in non-hypertensive compared to hypertensive
with a relative change of 0.364. In contrast, T. forsythia abundance remained almost unchanged,
with a relative change of 0.988 in both groups.

DISCUSSION

The oral cavity is home to billions of microorganisms, and an imbalance in the oral bacterial flora,
known as dysbiosis, can lead to significant changes in certain body tissues??. This study highli-
ghts significant differences between the hypertensive and non-hypertensive groups, particularly
concerning lifestyle and oral health behaviors. Hypertensive participants tended to consume more
coffee (38.30%) and avoid physical exercise (46.81%) than their non-hypertensive counterparts.
This lack of physical activity is of particular concern, as it is widely recognized that exercise plays
a fundamental role in managing hypertension and preventing various chronic pathologies?*24. The
high rate of overweight (72.34%) observed in this study illustrates the direct impact of lack of exer-
cise on physical health. Being overweight is a well-documented risk factor for hypertension and
oral diseases®2.

Moreover, excessive coffee consumption represents an additional risk, particularly for dental
health. Much more than just a factor in tooth discoloration, coffee exposes the oral cavity to high

TABLE 4. AVERAGE RELATIVE FOLD CHANGE OF BACTERIA BETWEEN HYPERTENSIVE AND
NON-HYPERTENSIVE GROUPS.

Bacteria Relative fold change
Prevotella intermedia 0.364
Tanarella forsythia 0.988
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temperatures, as it is often consumed hot, and to active ingredients capable of causing bacte-
rial mutations. These previously harmless bacteria then become pathogenic, increasing the risks
to oral health and potentially leading to systemic effects with the consequence of disrupting the
function of certain organs, including blood vessels?. It is also important to note that the caffeine
contained in coffee has a detrimental effect on blood pressure. Recent studies, such as those by
Surma and Oparil'® and Islam et al?®, have shown that excessive coffee consumption is linked to
higher blood pressure.

Similarly, the high number of dental oral disorders in hypertensive participants compared to
non-hypertensive patients further underlines the interconnection between health behaviors, lifesty-
le, and chronic disease. Variations in the presence and quantity of specific bacteria could provide
an explanation for this. The results showed that both hypertensive and non-hypertensive partici-
pants were present in all saliva samples in T. forsythia and P. infermedia. This presence in both
groups suggests that these bacteria are part of the natural habitat of the oral cavity. These findings
are corroborated by the work of K&nénen et al'®, who observed that these bacteria are present in
low concentrations in the oral cavity of infants, but their abundance increases in healthy adults and
even more so under pathological conditions, such as periodontal diseases.

However, notable differences are observed in the abundance of P. intermedia between the
two groups with a statistically significant difference (p = 0.04). This result is in line with the work
of Goodrich et al?®, who reported a higher abundance of this bacterium in hypertensive subjects
compared with non-hypertensive subjects. This increased abundance of P. intermedia in hyper-
tensive patients suggests that this bacterium may be associated with hypertension, although other
factors need to be explored to better understand this relationship. According to Priyamvara et al®,
bacteremia could be the key mechanism linking dysbiosis of the oral microbiome to cardiovascular
disease. This is because oral pathogens, such as T. forsythia, P. infermedia, and P. gingivalis, have
been detected in atheromatous plaques, suggesting bacterial translocation from the mouth to the
system®'32. These bacteria release lipopolysaccharides (LPS), endotoxins that trigger inflamma-
tion33, contributing to atherosclerosis and increasing the risk of stroke3*.

In addition, poor oral hygiene, common in hypertensive patients, promotes the accumulation of
oral bacteria and the onset of periodontal disease, which has a known effect on hypertension?s-3.
Similarly, antihypertensives (beta-blockers and diuretics), can reduce salivary flow and alter oral
pH, thus disrupting the oral microbiome®. Analysis of relative variation in abundance confirms
these observations. The abundance of P. intermedia decreased in non-hypertensive compared to
hypertensive participants, with a relative change of 0.364, confirming that hypertension could be
linked to an increase in the presence of this bacteria.

In contrast, the abundance of T. forsythia showed no significant differences between the two
groups. This stability of T. forsythia abundance in both groups suggests that the hypertensive sta-
tus of the participants in the sample studied does not influence this bacterium. However, factors
such as diet, genetics, smoking, and oral hygiene affect T. forsythia levels, complicating its exact
role in hypertension:.

CONCLUSIONS

In conclusion, this study reveals that excessive coffee consumption, lack of exercise, and more fre-
qguent dental problems are lifestyle behaviors closely linked to hypertension in the Eastern Cape of
South Africa. Compared with healthy controls, the differential abundance of P. infermedia in hyper-
tensive individuals suggests a potential relationship between oral microflora and hypertension.
However, no change in T. forsythia levels in either group was observed in the study population.
These findings underline the importance of good oral hygiene and a healthy lifestyle in preventing
the risks associated with hypertension. Future longitudinal studies with repeated clinical visits are
needed to examine changes in the oral microbiome over time.

Limitations and Strengths of the Study

This research has several limitations. It did not consider the pH of supragingival biofilm, which can
influence bacterial growth. Additionally, most participants had good oral hygiene, which may not
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represent the general population. The gPCR method used in this study cannot distinguish betwe-
en live and dead cells, necessitating confirmation of results with culture-based methods, such as
the plate count method. This study, despite its limitations, offers valuable insights into the relative
abundance of oral bacteria in hypertensive individuals. The findings highlight the potential link
between oral microbiota and hypertension, underscoring the importance of further research to
better understand the mechanisms underlying this association.

Author Contributions

This work was made possible thanks to the collaboration of all the authors. The final version of the manuscript, as pub-
lished, has been read and approved by all the authors.

Funding

This study was supported by the Chemical Industries Education and Training Authority (CHIETA) and the Strategic
Health Innovation Partnerships (SHIP) of the Medical Research Council (MRC), funding attributed to Prof. Eugene Jamot
Ndebia.

Informed Consent Statement

All subjects involved in the study gave their informed consent.

Acknowledgments

The authors wish to express their sincere gratitude to this study’s participants and the dedicated staff of the oncology
unit at Nelson Mandela Academic Hospital for their invaluable collaborations.

Conflicts of Interest

The authors have declared no conflicts of interest.

Acknowledgments

The authors are grateful to lan McColl, MD, PhD, for assistance with the manuscript.

Data availability

No datasets were generated or analyzed during the current study.

REFERENCES

1. Berger G, Bitterman R, Azzam ZS. The human microbiota: the rise of an — empire. Rambam Maimonides Med J
2015; 6: 1-5.

2. Hou K, Wu ZX, Chen XY, Wang JQ, Zhang D, Xiao C, Zhu D, Koya JB, Wei L, Li J, Chen Z-S. Microbiota in health
and diseases. Sig Transduct Target Ther 2022; 7: 135.

3. Ahn J, Hayes RB. Environmental Influences on the Human Microbiome and Implications for Noncommunicable Dis-
ease. Annu Rev Public Health 2021; 42: 277-292.

4. Li X, Liu Y, Yang X, Li C, Song Z. The Oral Microbiota: Community Composition, Influencing Factors, Pathogenesis,
and Interventions. Front Microbiol 2022 Apr 29; 13: 895537.

5. Dunne JL, Triplett EW, Gevers D, Xavier R, Insel R, Danska J, Atkinson MA. The intestinal microbiome in type 1
diabetes. Clin Exp Immunol 2014; 177: 30-37.

6. Genco RJ, Grossi SG, Ho A, Nishimura F, Murayama Y. A Proposed Model Linking Inflammation to Obesity, Diabe-
tes, and Periodontal Infections. J Periodontol 2005; 76 Suppl 11S: 2075-2084.

7. Irfan M, Delgado RZR, Frias-Lopez J. The Oral Microbiome and Cancer. Front Immunol 2020; 11: 591088.

8. Li X, Liu Y, Yang X, Li C, Song Z. The Oral Microbiota: Community Composition, Influencing Factors, Pathogenesis,
and Interventions. Front Microbiol 2022; 13: 895537.

9. Bradlow HL. Obesity and the gut microbiome: pathophysiological aspects. Horm Mol Biol Clin Investig 2014; 17: 53-
61.



ORAL BACTERIA AND HYPERTENSION IN MTHATHA

10. Cai Y, Zhao Y, Kang Y, Yang Y. Future Prospect of Oral Microbiota Influencing Allergy/Asthma Development. Front
Microbiol 2022; 13: 875664.

11. Vidmar Simic M, Maver A, Zimani AN, Hodevar K, Peterlin B, Kovanda A, Premru-Sr&en T. Oral microbiome and
preterm birth. Frontiers in medicine 2023; 10: 1177990.

12. Tackling G, Borhade MB. Hypertensive Heart Disease. [Updated 2023 Jun 26]. In: StatPearls [Internet]. Treasure
Island (FL): StatPearls Publishing; 2025 Jan-. Available from: https://www.ncbi.nIm.nih.gov/books/NBK539800/

13. Noh J, Kim HC, Shin A, Yeom H, Jang SY, Lee JH, Kim C, Suh |. Prevalence of Comorbidity among People with
Hypertension: The Korea National Health and Nutrition Examination Survey 2007-2013. Korean Circ J 2016; 46: 672-
680.

14. Wang B, Wu T, Neale MC, Verweij R, Liu G, Su S, Snieder H. Genetic and Environmental Influences on Blood Pres-
sure and Body Mass Index in the National Academy of Sciences-National Research Council World War 1l Veteran
Twin Registry. Hypertension 2020; 76: 1428-1434.

15. Surma S, Oparil S. Coffee and Arterial Hypertension. Curr Hypertens Rep 2021; 23: 38.

16. Kéndnen E, Fteita D, Gursoy UK, Gursoy M. Prevotella species as oral residents and infectious agents with potential
impact on systemic conditions. J Oral Microbiol 2022; 14: 2079814.

17. Ohki T, ltabashi Y, Kohno T, Yoshizawa A, Nishikubo S, Watanabe S, Yamane G, Ishihara K. Detection of periodontal
bacteria in thrombi of patients with acute myocardial infarction by polymerase chain reaction. Am Heart J 2012; 163:
164-167.

18. Jo R, Nishimoto Y, Umezawa K, Yama K, Aita Y, Ichiba Y, Murakami S, Kakizawa Y, Kumagai T, Yamada T, Fukuda
S. Comparison of oral microbiome profiles in stimulated and unstimulated saliva, tongue, and mouth-rinsed water.
Sci Rep 2019; 9: 16124,

19. Heikrujam J, Kishor R, Mazumder PB. The Chemistry Behind Plant DNA Isolation Protocols. In Biochemical Analysis
Tools - Methods for Bio-Molecules Studies, Boldura O.M.; Balta C.; Awwad N.S. (Eds). IntechOpen Limited: Lon-
don-UNITED KINGDOM; 206 pages.

20. Sun B, Zhou D, Tu J, Lu Z. Evaluation of the Bacterial Diversity in the Human Tongue Coating Based on Genus-Spe-
cific Primers for 16S rRNA Sequencing. Biomed Res Int 2017; 2017: 8184160.

21. Barbadoro P, Ponzio E, Coccia E, Prospero E, Santarelli A, Rappelli GGL, D’Errico MM. Association between hyper-
tension, oral microbiome and salivary nitric oxide: A case-control study. Nitric Oxide 2021; 106: 66-71.

22. Pfaffl MW. Relative quantification. In Real-time PCR, T. Dorak (Ed.). Taylor & Francis e-Library, International Univer-
sity Line, p 63-82, 2007.

23. Willis JR, Gabaldén T. The Human Oral Microbiome in Health and Disease: From Sequences to Ecosystems. Micro-
organisms 2020; 8: 308.

24. Ghadieh AS, Saab B. Evidence for exercise training in the management of hypertension in adults. Can Fam Physi-
cian 2015; 61: 233-239.

25. Anderson E, Durstine JL. Physical activity, exercise, and chronic diseases: A brief review. Sports Medicine and
Health Science 2019; 1: 3-10.

26. Julius S, Valentini M, Palatini P. Overweight and Hypertension. Hypertension 2000; 35: 807-813.

27. Issrani R, Reddy J, Bader AK, Albalawi RFH, Alserhani EDM, Alruwaili DSR, Alanazi GRA, Alruwaili NSR, Sghaireen
MG, Rao K. Exploring an Association between Body Mass Index and Oral Health-A Scoping Review. Diagnostics
(Basel) 2023; 13: 902.

28. Han K, Hwang E, Park JB. Association between consumption of coffee and the prevalence of periodontitis: The
2008-2010 Korea National Health and Nutrition Examination Survey. PLoS One 2016; 11: e0158845.

29. Islam R, Ahmed M, Ullah W, Tahir YB, Gul S, Hussain N, Islam H, Anjum MU. Effect of Caffeine in Hypertension.
Current Problems in Cardiology 2023; 48: 101892.

30. Goodrich JK, Di Rienzi SC, Poole AC, Koren O, Walters WA, Caporaso JG, et al. Conducting a microbiome study.
Cell 2014; 158: 250-262.

31. Priyamvara A, Dey AK, Bandyopadhyay D, Katikineni V, Zaghlol R, Basyal B, Barssoum K, Amarin R, Bhatt DL, Lavie
CJ. Periodontal Inflammation and the Risk of Cardiovascular Disease. Curr. Atheroscler Rep 2020; 22: 28.

32. Haraszthy VI, Zambon JJ, Trevisan M, Zeid M, Genco RJ. Identification of periodontal pathogens in atheromatous
plaques. J Periodontol 2000; 71: 1554-1560.

33. Liu XR, Xu Q, Xiao J, Deng YM, Tang ZH, Tang YL, Liu LS. Role of oral microbiota in atherosclerosis. Clin Chim Acta
2020; 506: 191-195.

34. Wang M, Feng J, Zhou D, Wang J. Bacterial lipopolysaccharide-induced endothelial activation and dysfunction: a
new predictive and therapeutic paradigm for sepsis. Eur J Med Res 2023; 28: 339.

35. Gorabi AM, Kiaie N, Khosrojerdi A, Jamialahmadi T, Al-Rasadi K, Johnston TP, Sahebkar A. Implications for the role
of lipopolysaccharide in the development of atherosclerosis. Trends in Cardiovascular Medicine 2022; 32: 525-533.

36. Pietropaoli D, Del Pinto R, Ferri C, Wright JT, Jr, Giannoni M, Ortu E, Monaco A. Poor Oral Health and Blood Pres-
sure Control Among US Hypertensive Adults. Hypertension 2018; 72: 1365-1373.

37. Contaldo M, Itro A, Lajolo C, Gioco G, Inchingolo F, Serpico R. Overview on osteoporosis, periodontitis and oral
dysbiosis: the emerging role of oral microbiota. Appl Sci 2020; 10: 6000.

38. Duran-Pinedo AE, Chen T, Teles R, Starr JR, Wang X, Krishnan K, Frias-Lopez J. Community-wide transcriptome of
the oral microbiome in subjects with and without periodontitis. ISME J 2014; 8: 1659-1672.

39. Ardila CM, Perez-Valencia AY, Rendon-Osorio WL. Tannerella forsythia is associated with increased levels of athero-
genic low-density lipoprotein and total cholesterol in chronic periodontitis. J Clin Exp Dent 2015; 7: e254-60.


https://www.ncbi.nlm.nih.gov/books/NBK539800/

