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ABSTRACT
Background: This study systematically reviewed the available evidence regarding the poten-
tial association between oral microbiota and hypertension.
Methods: A comprehensive search of online databases was conducted by two independent 
investigators for all relevant articles. All observational studies that assessed the association 
between oral microbiota and hypertension were included. Quality appraisal was conducted 
using the NOS tool.
Results: A total of 17 studies comprising 6007 subjects were included. The studies varied with 
respect to sample type and microbial analysis method. All studies, except one, found 
significant differences in microbial composition between hypertensive and normotensive 
subjects. However, there were substantial inconsistencies regarding the specific differences 
identified. Still, a few taxa were repeatedly found enriched in hypertension including 
Aggregatibacter, Kingella, Lautropia, and Leptotrachia besides the red complex periodontal 
pathogens. When considering only studies that controlled for false discovery rates and 
confounders, Atopobium, Prevotella, and Veillonella were identified as consistently associated 
with hypertension.
Conclusion: There are significant differences in the oral microbiome between hypertensive 
and normotensive subjects. Despite the heterogeneity between the included studies, a subset 
of microbial taxa seems to be consistently enriched in hypertension. Further studies are 
highly recommended to explore this association.
Registration: PROSPERO database (ID: CRD42023495005).
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Introduction

Hypertension is a significant public health problem 
affecting a large proportion of the general population 
worldwide [1]. According to the WHO, it is estimated 
that more than 1.28 billion adults (32% of the popu-
lation) aged between 30 and 79 years in 2021 had 
hypertension, most of whom are in low and middle- 
income countries [1]. With the projected increase in 
the elderly population in developed and developing 
countries, it is estimated that the burden of hyperten-
sion and its associated complications will continue to 
increase substantially by 20,230 [1]. Hypertension is 
associated with great morbidity and mortality as well 
as a huge economic burden [1,2].

Despite extensive research, the etiopathogenesis of 
hypertension remains complex and not fully under-
stood [1]. Recognized risk factors include age, gender, 
ethnicity, dietary factors, sedentary life, smoking, and 
overweight/obesity [1]. In recent years, the role of 
human microbiome in various systemic diseases, 

including cardiovascular diseases has gained a lot of 
interest [3,4]. Numerous studies have investigated the 
relationship between human gut microbiome and 
hypertension, and found that microbiome dysbiosis 
may contribute to the development of hypertension 
and can also modify the response to anti-hyperten-
sion medications [4–8]. The evidence also reveals that 
the fecal microbiota transfer between healthy indivi-
duals and hypertensive patients show a causal role of 
gut microbiota in regulating blood pressure [8,9].

Similarly, there has been growing interest in the 
role of oral microbiome in hypertension. Certain oral 
bacteria are capable of reducing salivary and dietary 
nitrate into nitrite, which is further reduced internally 
into NO (Figure 1). Therefore, a depletion in nitrate- 
reducing members of the oral microbiome may 
reduce NO bioavailability, and consequently increases 
blood pressure [10]. Another possible mechanism by 
which oral bacteria can contribute to hypertension is 
through triggering systemic inflammation, which is 
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known to contribute to endothelial dysfunction 
[11,12].

Several studies have investigated the alterations in 
the composition of the oral microbiome associated 
with hypertension [13–30]. Regardless of sample type 
and microbial analysis method used, the majority of 
these studies found significant differences in the com-
position of the oral microbiome between hyperten-
sive and normotensive subjects. However, the results 
of these studies have not been systematically reviewed 
to assess consistency and delineate the exact nature of 
oral microbial dysbiosis potentially involved in 
hypertension. Therefore, the purpose of the present 
systematic review was to analyze the results of pre-
vious microbiome studies and define the key oral 
microbial features associated with hypertension 
based on overall evidence.

Methods

The present systematic review adhered to and fol-
lowed the PRISMA 2020 guidelines and PECO 
(Population, Intervention, Comparison, Outcomes) 
principles. The research focused questions were: 1) 
Is there a significant association between oral micro-
biota and hypertension? And, more specifically, 2) 
What are the key oral microbial features consistently 
associated with hypertension?

Eligibility criteria

Inclusion criteria
All observational studies (cross-sectional, cohort, and 
case–control studies) that assessed the oral micro-
biota in relation to hypertension in humans were 
included, namely those that involved the following: 
1) Adult hypertensive patients, 2) A control group 
with individuals with no history of hypertension, and 
3) Oral microbial assessment.

Exclusion criteria
Case reports, post-mortem studies, studies with no 
control groups, animal studies, control subjects with 
history of hypertension, experimental studies, review 

articles, commentaries, studies with no microbial 
data, studies focused on preeclampsia, and studies 
that involved hypertensive subjects with other comor-
bidities (e.g. diabetes mellitus, kidney diseases, sleep 
apnea, stroke, etc.).

Search strategy and information sources
We conducted a comprehensive online search in four 
databases: PubMed, Embase, Scopus, and Web of 
Science on December 30th for all relevant studies 
published from inception until 30 December 2023. 
The grey literature was also searched through 
ProQuest. All searches were conducted with no date 
or language restrictions. The following MeSH 
(Medical Subject Headings) terms and free keywords 
were used: (‘Oral microbiome’ OR ‘Oral microbiota’ 
OR ‘Oral microorganisms’ OR ‘Oral microflora’ OR 
‘Oral flora’ OR ‘salivary microbiome’ OR ‘salivary 
microbiota’ OR ‘oral dysbiosis’ OR ‘oral biofilm’ OR 
‘oral pathogen*’ OR ‘periodontal pathogen*‘ OR 
“periopathogen* OR ‘oral bacteria’) AND 
(‘Hypertension’[Mesh] OR hypertension OR ‘blood 
pressure’ OR ‘cardiovascular diseases’ OR ‘antihyper-
tensive’) (Supplementary Table S1). The online search 
was also supplemented with a manual search of the 
references of retrieved studies for any additional stu-
dies. All searches were conducted by two independent 
investigators (SA, GA), and any disagreement was 
solved with discussion.

Screening and selection process
All retrieved articles were exported to EndNote pro-
gram V. 20, after which duplicates were eliminated. 
After that, the title and abstracts of all articles were 
cross-examined against the eligibility criteria by two 
independent investigators (SA, GA), and irrelevant 
articles were removed. The full-texts of all potentially 
eligible articles were sought and carefully evaluated 
for inclusion.

Data extraction
All relevant data were extracted and tabulated by two 
independent investigators (AA, RB). The extracted 
data included the following: study details (the author, 

Figure 1.Contribution of oral bacteria to bioavailability of nitric oxide.

2 S. A. AL-MAWERI ET AL.



year, and country of publication), study design, study 
group characteristics (age, gender, case definition, 
and sample size), type and site of the sample, micro-
biome sequencing technique, bioinformatic/statistical 
methods (including whether or not adjustment for 
multiple comparisons and/or confounders was per-
formed), and the main results (differences in diversity 
and microbial abundances). Any data related to ana-
lysis of non-oral samples or study groups other than 
hypertension and healthy controls were not extracted. 
The authors of the primary studies were contacted for 
any missing data or for any clarification.

Quality assessment
The quality of all studies was evaluated using the 
Newcastle Ottawa Scale (NOS) for assessing the qual-
ity of non-randomized studies [31]. The quality 
appraisal was done by two independent investigators, 
and all disagreements were resolved by discussion. 
Rated on a 0–9 star scale, the overall quality of each 
study was rated as either: high quality, seven stars or 
more; moderate quality, 4–6 stars; or poor quality, 0– 
3 stars [31].

Addressing heterogeneity
Microbiome studies are known for their high hetero-
geneity as elaborated on in the discussion. Meta-ana-
lysis requires obtaining the raw sequencing data for 
the original studies and re-analyzing them using a 
standard bioinformatic workflow, which is beyond 
the scope of this review. As an alternative, we devel-
oped here the following consistency criteria to define 
key bacterial taxa that can be implicated with some 
confidence in hypertension: 1) Taxa identified in 

studies that controlled for FDR and confounders; 
and 2) Taxa that were found to be associated with 
hypertension in one direction (i.e. depleted or 
enriched) in two or more studies but not in the 
opposite direction in any study with the same sample 
type.

Results

Study selection

Figure 2 depicts the search strategy of the present 
review. The online searches yielded a total of 2885 
articles, of which 1790 were duplicates and thus 
excluded. The titles and abstracts of the remaining 
1095 articles were cross-checked for eligibility. Of 
these, 1045 records were irrelevant. The fulltext of 
the remaining 50 potentially eligible articles was 
sought and thoroughly cross-checked. Accordingly, 
33 were excluded for various reasons 
(Supplementary Table S2). Eventually, 17 studies 
were eligible for inclusion and were further processed 
for data extraction (Figure 2).

General characteristics of the included studies

General characteristics of the included studies are 
detailed in Table 1. This systematic review included 
17 case-controlled studies comprising 6007 partici-
pants aged between 30.5 and 80 years [13–18,20– 
22,24–27,28,29,30,32]. These studies were published 
between 2010 and 2023. The number of subjects in 
each included study ranged from 41 [25] and 1215 
[24]. Geographically, five of these studies were con-
ducted in China [15–18,30] and five in the USA [20– 

Figure 2.Flow diagram of the search strategy.
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22,24,32]. The rest were conducted in Japan [13,29], 
Qatar [26, 28], Brazil [25], India [27], Italy [14], and 
one study included subjects from multiple regions 
(USA, Jamaica, South Africa, and Ghana) [20]. 
Regarding the definition of hypertension, four studies 
followed the 2017 American Heart Association 
Guidelines (AHA) [21,22,24,26], while three followed 
the 2018 European Society of Cardiology and the 
European Society of Hypertension (ESC/ESH) 
[16,17,30]. On the other hand, five studies specified 
measurement references for defining hypertension 
without citing specific guidelines [15,18,20,28,32], 
two other studies relied on self-reporting and/or the 
recorded diagnosis on the system [25,27], while three 
studies didn’t specify their reference for the definition 
of hypertension [13,14,29].

Some studies considered additional clinical factors. 
Four studies stratified by cases and controls by peri-
odontitis [27,30,32], while one study included 
obstructive sleep apnea [18]; the data for the latter 
were extracted solely for the standalone hypertension 
and normotensive groups. All studies enrolled both 
genders except for two studies that enrolled only 
females [22,24], and one study that enrolled 
males [18].

With respect to sample type, five studies collected 
samples from both saliva and subgingival plaque 
[13,15–17,30], six studies collected saliva only 
[18,20,25–27,28], and four studies collected subgingi-
val plaque [21,22,24,32]. Additionally, one study col-
lected supra- and subgingival plaques [14], and one 
study involved swabs from the dorsum of the tongue 
[29]. In addition to the oral samples, five studies 
collected fecal samples [15–17,20,30], and one col-
lected blood samples [15]. The data for these samples 
(fecal and blood) were not considered in this review.

Various methods were employed for microbial 
analysis. The majority of the included studies used 
16S rRNA gene sequencing [18,20–22,24,26,28], four 
studies used PCR for selected types of bacteria 
[13,14,27,29], two studies used shotgun metagenome 
sequencing (SMS) [17,30], one study used culture- 
based method [25], one study used checkerboard 
DNA–DNA hybridization for specific periodontal 
bacteria [32], and two studies used both 16S riboso-
mal RNA gene sequencing and SMS [15,16]. In 13 
studies, the analysis was limited to the profiling of 
bacterial communities; one study used the SMS data 
to profile fungi only [17], and two studies performed 
analysis for both oral bacteria and fungi [15,25], while 
one study analyzed the virome only [30].

Regarding the assessment of confounders, two stu-
dies conducted comprehensive adjustments utilizing 
different regression models for assessment [21,32], 
whereas seven studies attempted some sort of adjust-
ments, but not all clinical factors were taken into 
account [13,14,20,24,27,30,28]. Regarding correction 

for multiple comparisons, nine studies employed false 
discovery rates (FDR) to define significant microbial 
differences between the study groups [15– 
17,20,22,24,29,30,28].

Quality of the included studies

As can be seen in Table 1, the overall NOS scores of 
the included studies ranged from 3 to 9, with six 
studies being rated as high-quality studies, eight stu-
dies as moderate, and three as low quality. The most 
common methodological limitations were related to 
selection and comparison shortcomings.

Changes in oral microbial alpha and beta 
diversity in hypertension

As summarized in Table 2, eight of the included 
studies examined differences in alpha diversity 
between hypertensive and normotensive patients 
[16–18,20,24,26,30,28], mostly using Shannon’s and/ 
or Chao1 indexes. Four studies found no significant 
changes in alpha diversity in association with hyper-
tension [17,20,24,28], while four studies reported sig-
nificant changes [16,18,26,30]. Among the latter, the 
results were conflicting, with two studies reporting 
lower alpha diversity in hypertensive individuals 
compared to normotensive individuals [18,26], and 
the other two reported higher alpha diversity in 
hypertensive patients [16,30]. Furthermore, one 
study reported no significant change in alpha diver-
sity in the study’s initial cohort; however, a significant 
change was observed after the 6-months follow- 
up [16].

Seven studies assessed differences in beta diversity 
[16–18,20,26,30,28], using principal coordinate ana-
lysis (PCoA) based on various distance matrices 
(Table 2); however, two of these studies [26,30] did 
not perform formal statistical testing of the differ-
ences (PERMANOVA or ANOSIM). Three studies 
found significant differences between hypertension 
and normotensive groups [17,18,28], while another 
study didn’t find significant differences [20]. 
Interestingly, one study reported no significant 
change in beta diversity except in subgingival sam-
ples, and this difference was only observed at the 
study’s initial cohort, but not after the 6-month fol-
low-up period [16].

Bacterial composition differences between 
hypertensive and normotensive subjects

All 15 studies that focused on the bacterial compo-
nent of the microbiome, except for one [29], found 
some level of significant differences in microbial 
composition between hypertensive and normotensive 
subjects as summarized in Table 2, although the 
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differences varied from being limited to a single or 
two species [13,21,22,25,27] to involving tens of spe-
cies [15,16,18,20,24,26,32,33]. Below is a digest of 
findings from these studies regardless of whether 
they were controlled for FDRs and/or confounders.

Bacterial genera that were found to be enriched in 
hypertension in two or more studies, but not depleted 
in any other study include Aggregatibacter (subgingi-
val plaque and saliva) [15,16], Moraxella (saliva) 
[15,16], Kingella (subgingival plaque and saliva) 
[16,18], Lautropia (subgingival plaque and saliva) 
[16,18], and Leptotrachia (subgingival plaque and 
saliva) [15,16]. On the other hand, bacterial genera 
that were found to be depleted in hypertension in two 
or more studies, but not enriched in any other study 
include Megasphaera (subgingival plaque and saliva) 
[15,16], Oribacterium (subgingival plaque) [15,16], 
and Peptostreptococcus (subgingival plaque) [15,18] . 
At the species level, the red complex periopathogens 
Porphyromonas gingivalis (subgingival plaque and 
saliva) [16,27,32], Tannerella forsythia (subgingival 
plaque) [16,32], and Treponema denticola (subgingi-
val plaque) [16,32], in addition to Actinobacillus acti-
nomycetemcomitans [13,32], were found to be 
associated with hypertension in two or more studies, 
but not in the opposite direction in any study, while 
Streptococcus oralis (subgingival plaque) [16,22] was 
found to be depleted in two studies, but not enriched 
in any other study.

Nevertheless, there were substantial inconsistencies 
and conflicting results among the studies. At the genus 
level, Neisseria, for example, was found to be enriched 
in the saliva of individuals with hypertension accord-
ing to some studies [15,16,18] and depleted in both 
saliva and subgingival plaque according to others 
[16,20,26]. Similarly, Prevotella was found to be 
enriched in two studies [20,28] and depleted in three 
[15,16,26]. Similar conflicting results were found for 
Haemophilus [16,18,26], Streptococcus [16,15], Rothia 
[16,18,20] and Veillonella [16,20,28]. Like-wise at the 
species level. For example, Prevotella intermedia was 
found to be enriched in the subgingival plaque in one 
study [13] and depleted in another [32]. The same 
inconsistency was found for Campylobacter rectus 
[16,32] and Oribacterium oral taxon 078 [16,24]. 
Furthermore, some bacterial taxa were reported to be 
enriched in one sample type but depleted in another. 
For instance, Atopobium [20,26,28] and Bacteroides 
[26] were found to be enriched in the saliva of indivi-
duals with hypertension but depleted in subgingival 
plaque samples [15,16,26].

A number of additional interesting results are 
worth noting. One study, for example, found no sig-
nificant association between the nitrate-reducing bac-
teria summary score and hypertension but reported 
an association between the nitrate-reducing taxa 
summary score and lower BP in normotensive 

individuals [21]. Another study reported gender-spe-
cific findings, showing that certain periopathogens 
(Aggregatibacter actinomycetemcomitans, and 
Prevotella intermedia) were significantly associated 
with hypertension in males but not in females [13]. 
A third study demonstrated, using a random forest 
classifier, that microbial signatures could serve as 
hypertension biomarkers, the model achieved an 
accuracy, measured in terms of area under the curve 
(AUC), ranging from 89% to 91% [26].

The oral mycobiome and virome in hypertension

Out of the 17 included studies, two studies profiled 
the oral mycobiome [15,17] and one study analyzed 
the oral virome [30] potentially associated with 
hypertension. The key findings from these studies 
are presented in Table 2. Among oral fungi that 
were found to be associated with hypertension 
include Kluyveromyces, Nannizzia, Cladophiaophora 
and Torulaspora. Fungal genera that were found to be 
depleted in hypertension include Sugiyamaella, 
Materhizium, Zymoseptoria, Trametes and Ustilago. 
As with bacteria, contradictory results were also 
observed. For example, Tetrapisispora was found to 
be enriched in the saliva of hypertensive patients in 
one study [17] depleted in another study [15]. 
Similarly, Ustilago was enriched in saliva but depleted 
in subgingival plaque of hypertensive cases in the 
same study [15]. As far as the virome is concerned, 
the single conducted study [30] found Torbevirus, 
Reyvirus, and Salacisavirus among others to more 
abundant in hypertension, while Tybeckvirus, 
Gillianvirus, and Capripoxvirus, to be less abundant 
than in normotensive subjects.

Key taxa consistently associated with 
hypertension

Applying the consistency criteria described in the 
methods section, three bacterial genera were found 
to be consistently enriched in hypertension: 
Atopobium, Prevotella, and Veillonella [20,28] while 
no bacterial genera were found to be consistently 
depleted (Table 3). Similarly, it shows no consistently 
reported species among studies that were either 
enriched or depleted.

Discussion

With over 700 different bacterial taxa, fungi, and 
viruses, oral microbiome is the second most diverse 
microbial community after the gut [22,33, 34]. 
Imbalance in the composition or function of oral 
microbiome, commonly referred to as ‘dysbiosis’, 
has been linked to many systemic diseases including 
hypertension [22,24,35,36]. While the role of gut 
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microbiome in hypertension has been extensively 
studied and well-established in the literature 
[4,5,37], the role of oral microbiome in cardiovas-
cular diseases in general and hypertension in parti-
cular is still under investigation and has gained 
momentum in recent years. In this context, a num-
ber of observational studies explored the potential 
association between oral dysbiosis and elevated 
blood pressure [13–30] but the results from these 
studies have not been critically analyzed. Hence, the 
purpose of this first-of-its-kind systematic review 
was to answer the following focused questions: 1) 
Is there a significant association between oral 
microbiota and hypertension? 2) What are the key 
oral microbial features consistently associated with 
hypertension?

The majority of the included studies revealed sig-
nificant differences in the composition of oral micro-
biota between hypertensive patients and healthy 
controls, a finding which corroborates the available 
evidence regarding the potential role of human 
microbiome (e.g. gut microbiome) in blood pressure 
regulation and hypertension development [5,7,37]. 
The findings are also consistent with previous sys-
tematic reviews that found association between oral 
microbiota and other systemic diseases including car-
diovascular diseases (e.g. atherosclerosis), pneumonia 
and many others [38–40]. Nevertheless, comparison 
of differentially abundant taxa between cases and 
controls revealed significant inconsistencies across 
the studies, i.e. in terms of what set of taxa were 
found to be associated with hypertension. These 
inconsistencies can be explained by the high hetero-
geneity inherent to microbiome data. Such heteroge-
neity includes study design variations (inclusion 
criteria, study groups, sample type/collection, etc.), 
technical variations (DNA extraction method, primer 
selection, sequencing chemistry, bioinformatic analy-
sis pipeline, etc.), population variations (race/ethni-
city, lifestyle, etc.), and importantly, how effect size is 
reported (fold change, odd ratio, LDA, mean differ-
ence, etc.). The only viable way to perform meta- 
analysis on them is to obtain the raw sequencing 
data of the original studies and re-analyze them 
using a standard bioinformatic analysis pipeline, 
which is out of the scope of the current review. To 
circumvent that, we devised a set of criteria to define 

taxa consistently associated with hypertension with 
some confidence (see methods section).

Applying those criteria, three bacterial genera were 
found to be consistently enriched in hypertension, 
namely Atopobium, Prevotella, and Veillonella, yet 
none were found to be consistently depleted. 
Atopobium species are anaerobic bacterial normal com-
mensals of the oral cavity, gut, and vagina. Previous 
studies have reported higher abundance of Atopobium 
in cardiovascular diseases and metabolic disorders 
including atherosclerosis, obesity and diabetes mellitus 
[41,42]. Certain species of Atopbium, e.g. A. rimae, are 
associated with periodontitis [43], so this could be a 
potential pathway through which are involved in hyper-
tension. This applies to Prevotella which includes 
known periodontal pathogens such as P. intermedia, 
pathogens. In fact, one of the studies included P. inter-
media to be associated with hypertension, although 
only in males [13]. Prevotella have also been previously 
reported to be associated with cardiometabolic and 
cardiovascular disorders [44,45]. Interestingly, a recent 
study utilizing a representative data from the National 
Health and Nutrition Examination Survey found a sig-
nificant association between increase in blood pressure 
and levels of antibodies against Prevotella and 
Veillonella [46]. It’s however unclear how the latter 
may be involved in hypertension since it is typically 
associated with periodontal health, and as mentioned 
above, is also a nitrate reducer.

While the exact mechanism underlying the role of 
oral microbiota in hypertension is still unclear, two 
mechanisms have been proposed. The first mechan-
ism is through nitrate-nitrite-NO pathway [47]. Oral 
microbiota has been reported to play an important 
role in nitric oxide (NO) bioavailability through 
reducing dietary nitrate into nitrite and subsequently 
NO [10,38,48]. NO plays a crucial role in vascular 
tone and integrity and is associated with lower blood 
pressure and lower cardiovascular diseases risk [10]. 
Important oral nitrate-reducing bacteria include spe-
cies of the genera Veillonella, Actinomyces, Rothia, 
Prevotella, Neisseria, and Haemophilus [47–49]. It 
would then be expected that hypertension is asso-
ciated with a depletion of these taxa. However, the 
current review found conflicting results among the 
included studies in this respect, with some studies 
showing them to be depleted and other studies 

Table 3. Bacterial taxa consistently associated with hypertension*.
Bacterial genera

Enriched Genera in Hypertension Depleted Genera in Hypertension
Atopobium (Saliva) [28,20] None
Prevotella (Saliva) [20,28]
Veillonella (Saliva) [20,28]

Bacterial species

Enriched Species in Hypertension Depleted Species in Hypertension
None None

*Criteria are described in the text. 
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showing them to be enriched. Interestingly, one study 
found that a summary score of nitrate-reducing taxa 
was associated with lower BP in normotensive but 
not hypertensive individuals [21], suggesting that 
nitrate reduction may be in important factor in reg-
ulating BP only in healthy subjects.

Another mechanism by which the oral microbiome 
may contribute to hypertension is through triggering 
chronic inflammation and subsequently endothelial 
dysfunction [12,50]. Periodontal pathogens can induce 
a systemic inflammatory response and production of 
cytokines such as c-reactive protein, tumor necrosis 
factor alpha, interleukin-6, among others, which in 
turn lead to endothelial dysfunction and negatively 
impact on blood pressure [12,50,51]. Several studies 
found significant association between periodontal 
infections and systemic inflammation and endothelial 
dysfunction [11,12,52,53]. In line with this, four of the 
studies included in this review found one or more 
periodontal pathogens to be enriched in saliva and/or 
subgingival plaque samples of hypertensive patients 
including Porphyromonas gingivalis, Tannerella for-
sythia, Treponema denticola and Actinobacillus actino-
mycetemcomitans [13,16,27,32]. Indeed, a recent 
systematic review and meta-analysis of 25 clinical 
trials found that periodontal therapy was associated 
with a significant improvement in endothelial function 
in patients with periodontitis, substantiating the cor-
relation of periodontitis (bacterial-induced inflamma-
tory disease) with cardiovascular diseases [54].

It is cogent that the value of any evidence obtained from 
any systematic review is heavily reliant on the quality of the 
primary studies. Hence, we thoroughly cross-examined 
and appraised the quality of all included studies using 
NOS, a very effective appraisal tool for non-randomized 
studies. The results revealed that only seven of the included 
studies were of high quality, while the remaining were 
either moderate or low quality. The current review was 
limited by several other factors. One major factor is the 
remarkable heterogeneity between the studies, which is 
inherent to microbiome studies as discussed above, 
which limited comparability. Another important limita-
tion is that most of the included studies failed to adjust for 
confounders and/or control for false discovery rate (FDR) 
during data analysis, which is a major weakness. For the 
future, high-quality, multi-center studies with standard 
study protocols, including reliable statistical analysis 
plans, are required to further explore the association 
between the oral microbiome and hypertension. A shift 
from metataxonomic (e.g. 16S) and even metagenomic 
approaches to more functional approaches (e.g. metatran-
scriptomics or metabolomics) is recommended.

Conclusion

The present systematic review demonstrates an associa-
tion between oral microbiota and hypertension. The 

nature of compositional differences between normoten-
sive and hypertensive subject, however, vary consider-
ably among studies, most likely due to methodological 
inconsistencies across the studies. Nevertheless, a subset 
of microbial taxa seems to be consistently enriched in 
hypertension. Further works are warranted to validate 
and explore their role in hypertension.
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