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ABSTRACT 
 

Noncommunicable diseases, such as hypertension and type 2 diabetes, remain a leading cause of 
death worldwide, especially in low- and middle-income countries. Recent research trends 
revealed possible involvement of the gut microbiota in the pathogenesis of these 
noncommunicable diseases. This article provides a review of recent research trends on the 
human gut microbiota’s involvement in hypertension and type 2 diabetes, and the potential of its 
modulation by natural products. Several mechanisms are proposed to explain how the gut 
microbiota contributes to the development of hypertension and type 2 diabetes, one of which is 
by changes in short-chain fatty acids (SCFAs) production. Phytochemicals targeting modulation 
of the gut microbiota and SCFAs production may show potential in prevention and therapy of 
hypertension and diabetes. This may be achieved by affecting the composition of the gut 
microbiota itself and by modulating the microbiota’s metabolic pathways, such as by stimulating 
synthesis of SCFAs. However, future studies are still needed considering the complexity of factors 
affecting gut microbiota, as well as the need to develop reproducible methods in studying the gut 
microbiota and its metabolites in order to further elucidate the role of gut microbiota in health 
and disease, in order to achieve optimal benefits and better clinical outcomes. 

1. Introduction 
Noncommunicable diseases remain a leading 

cause of death globally. Noncommunicable diseases 
caused more than 43 million deaths in 2021, where 
nearly three quarters of these deaths happen in low- 
and middle-income countries.1 In Indonesia, there 
has been a shift from infectious diseases to 
noncommunicable diseases as main cause of 
mortality over the past 3 decades. Two diseases of 
significant interest are hypertension and type 2 
diabetes, as they represent a high burden of disease 
and may lead to cardiovascular complications and 
deaths.1,2 In addition, hypertension and diabetes, 
along with smoking and ambient particulate matter 
air pollution, represent the leading risk factors 
driving the global burden of disease. These risk 
factors affect each level of the Socio-demographic 
Index.3 

Humans live alongside microorganisms, 
encompassing bacteria, protozoa, archaea, other 
eukaryotes, and viruses. These microorganisms 
form a thriving microecosystem known as 

microbiota, and reside in various sites of the human 
body. One of the sites harboring an important 
microbiota population is the gastrointestinal tract. 
The symbiotic relationship of microbiota and the 
human host are reflected in various complex 
physiological processes. Imbalances in the 
microbiota, or dysbiosis, have been linked to the 
pathogenesis of human diseases, including 
important noncommunicable diseases.4 Gut 
microbiota may influence human health and 
sickness through an interplay with various 
environmental and host factors, even mediating 
effects of medicines.5 The effects are exerted 
through signaling mechanisms between the gut 
microbiota and host cells, mediated by various 
messenger molecules and metabolites. In particular, 
short-chain fatty acids (SCFAs) such as acetate, 
propionate, and butyrate, are thought to play 
important roles in the physiological processes and 
pathophysiology of diseases affecting the human 
host, both locally and systemically.6 

Diet is known to influence the composition and 
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physiology of gut microbiota. Some naturally 
occurring compounds widely present in the diet, 
such as phytochemicals, may have a beneficial effect 
in reducing risks of chronic illnesses. One of the 
mechanisms through which phytochemicals and 
natural compounds from the diet exert their actions 
is by creating favorable conditions for select 
bacterial populations, regulating metabolites, or 
restoring the diversity of the gut microbiota.5,7 
Phytochemicals are relatively poorly absorbed 
owing to their structural complexity. This may lead 
to longer retention times in the intestines, allowing 
the phytochemicals extracted from food intake to 
interact with and influence the microbiota.5,8 This 
article aims to review recent research trends on the 
human gut microbiota’s involvement in 
hypertension and diabetes mellitus, and to explore 
the potential of its modulation by natural products. 

2. The Role of Gut Microbiota in Noncommunicable 
Diseases 
Gut Microbiota in Hypertension 

Dysbiosis of the gut microbiota had been 
observed in both animal models and human 
subjects with hypertension. Several notable 
changes in the gut microbiota included decreased 
diversity, compositional changes of several taxa,  
changes in microbial structure and function, and 
shifts in microbial interactions.9 A study on 
hypertensive mice reported a drastic decrease in 
microbial richness and diversity of gut microbiota 
in comparison to healthy controls. Prevotella and 
Klebsiella overgrowth, along with decrease in 
bacteria associated with healthy gut microbiota and 
disease-linked changes in microbial functions, were 
observed in both pre-hypertensive and 
hypertensive models.10 A meta-analysis from 8 
human studies also discovered a significant change 
in gut microbiota richness and diversity in 
hypertensive patients. Some bacteria, such as 
Catabacter, Robinsoleilla, Serratia, 
Enterobacteriaceae, Ruminococcus torques, 
Parasutterella, Escherichia, Shigella, and Klebsiella 
showed increased abundance. In contrast, 
decreased abundance of Sporobacter, Roseburia 
hominis, Romboutsia spp., and other Roseburia 
species were also observed. These alterations 
varied by several factors, such as diet, age, ethnicity, 
and hypertension severity.11  

There are several possible mechanisms for the 
gut microbiota’s involvement in hypertension 
pathogenesis, such as SCFAs-mediated signaling, 
brain-gut-bone marrow interaction, and 
inflammation.12 SCFAs, such as acetate, butyrate, 
and propionate, are products of dietary fiber 
fermentations. SCFAs act by two primary receptors, 
the olfactory receptor 78 (Olfr78) and G-protein-
coupled receptor 41 (Gpr41). These two receptors 
contribute to different effects on blood pressure. 
The binding of SCFAs to Olfr78 elevates blood 

pressure, while Gpr41 lowers baseline blood 
pressure. So, balanced expression and activation of 
these two receptors are necessary to maintain 
physiological blood pressure. However, even in 
balanced expression of Olfr78 and Gpr41, an 
imbalance in SCFAs due to changes in the gut 
microbiota, poor absorption and high excretion of 
SCFAs, may affect blood pressure.9,12 A human study 
on 441 participants reported that SCFAs 
concentrations were inversely associated with 
microbiota diversity. In addition, each SCFA was 
found to be associated with unique microbial taxa. 
Higher fecal SCFA concentrations were also 
associated with hypertension.13 SCFAs also exert 
other protective effects on the cardiovascular 
system through their anti-inflammatory 
properties.14 

In addition to SCFAs, other small molecule 
metabolites produced by the gut microbiota are also 
associated with the pathogenesis of hypertension.5 
Tri-methylamine-N-oxide (TMAO), a metabolite of 
trimethylamine (TMA) produced by gut microbiota, 
might contribute to the pathogenesis of 
hypertension by prolonging the hypertensive effect 
of angiotensin II. Elevated TMAO might also act on 
blood pressure by stimulating vasopressin release 
and upregulating aquaporin-2 expression in the 
apical membrane of chief cells of the renal collecting 
duct, therefore increasing sodium-water 
retention.5,15 In addition, TMAO enhances foam cell 
formation, reduces reverse cholesterol transport, 
and induces platelet aggregation, therefore exerting 
atherogenic and thrombogenic effects.16 The 
possible role of bile acids and H2S in hypertension 
pathogenesis might be through impairment in 
vasomotor regulation.5 Indoxyl sulfate and p-cresyl 
sulfate are also known as uremic toxins, which may 
be produced by gut microbiota metabolism. They 
possess proatherosclerotic, prothrombotic and 
proinflammatory properties, which are involved in 
arterial calcification. They can also contribute to 
endothelial dysfunction by triggering oxidative 
stress.15 In addition, a number of commensal 
bacterial genera are able to synthesize vasoactive 
hormones, such as Escherichia, Lactobacillus, 
Bifidobacterium and Streptococcus. The vasoactive 
hormones, such as serotonin, dopamine and 
norepinephrine, may more directly exert their effect 
on blood pressure by vasoconstrictive 
mechanisms.15 

Gut Microbiota in Type 2 Diabetes Mellitus 
Gut microbiota dysbiosis in type 2 diabetes 

mellitus had also been observed. Most abundant 
constituents of the gut microbiota are classified 
under 2 phyla, Firmicutes and Bacteroidetes. The 
ratio of Firmicutes to Bacteroidetes was shown to 
be increased in diabetics in comparison to healthy 
people.8  A systematic review from 42 human 
studies reported that Bifidobacterium, Bacteroides, 
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Faecalibacterium, Akkermansia and Roseburia were 
negatively associated with type 2 diabetes. In 
contrast, Ruminococcus, Fusobacterium and Blautia 
had positive association with type 2 diabetes.17 In 
addition, increased abundance of Proteobacteria, 
Clostridiales and the species Lactobacillus gasseri 
and Streptococcus mutans were also reported in 
type 2 diabetics.18  

The gut microbiota may contribute to the 
development of type 2 diabetes through several 
mechanisms, such as by modulating inflammation, 
interactions with dietary constituents, and exerting 
its effects on energy homeostasis in the human host 
through gut permeability, metabolism of glucose 
and lipid, and insulin sensitivity.17 Expression of 
oxidative stress-related microbial genes is 
increased in several pathological mechanisms 
leading to type 2 diabetes, such as insulin 
resistance, β cell dysfunction, and impaired glucose 
tolerance.18  

SCFAs are also thought to play an important role 
in the pathogenesis of type 2 diabetes. A particular 
SCFA of interest is butyrate, which supports proper 
function of β-cells in the pancreas, especially after 
food intake. Butyrate affects inflammation by 
modulating intestinal macrophage functions and 
downregulating pro-inflammatory mediators 
induced by LPS. It also activates intestinal 
gluconeogenesis and, as a result, ameliorates 
glucose homeostasis. Changes in the gut microbiota 
composition affecting butyrate-producing species 
had been consistently reported in studies on type 2 
diabetics.19,20 

A large-scale study involving the LifeLines-DEEP 

(LL-DEEP) cohort investigated the association 
between SCFAs, specifically butyrate and 
propionate, and type 2 diabetes risk. The study 
reported an association between increased gut 
butyrate production and improved insulin response 
after an oral glucose test, while disturbances in 
production or absorption of propionate indicated 
an increased type 2 diabetes risk. In addition, 
genetically-influenced changes favoring production 
of butyrate in the gut microbiome appeared to show 
beneficial effects on β cell function, while host 
genetic variation affecting production of propionate 
(by increasing propionate production or impairing 
its absorption) impacted risk of type 2 diabetes.20 

In addition to SCFAs, several metabolites of gut 
microbiota, including TMAO, LPS, uremic toxins 
derived from aromatic amino acids, and related 
metabolites are also thought to contribute to the 
development of type 2 diabetes. Release of LPS from 
gut microbiota into the blood circulation leads to 
inflammatory response through formation of 
activated (TLR4-MD-2-LPS)2 complex and 
downstream NF-kB activation. The initial 
inflammatory response may disrupt the intestinal 
barrier, allowing access to more microbial 
components in the intestinal lumen into the host 
system and triggering systemic inflammation.21,22 
TMAO plays an important role in glucose 
metabolism and target organs dysfunction. Uremic 
toxins, such as indoxyl sulfate and p-cresyl sulfate, 
are known to exert multi-toxicities in glomerular 
cells, possibly contributing to renal complications of 
type 2 diabetes as well.21 

 
Figure 1. The effects of gut dysbiosis affecting pathogenesis of hypertension and type 2 diabetes mellitus 

SCFAs: short-chain fatty acids, TMAO: Tri-methylamine-N-oxide, LPS: lipopolysaccharide 
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3. Modulation of Gut Microbiota by 
Phytochemicals in Noncommunicable Diseases 
Microbiota Composition Shifting 

Several phytochemicals obtained from various 
medicinal plants and foods have been investigated 
for their beneficial modulation of the gut microbiota 
in noncommunicable diseases. For instance, 
phytochemicals obtained from garlic and its 
products showed modulatory activities on the gut 
microbiota in hypertension through several 
mechanisms. Garlic supplementation in the diet was 
reported to increase the abundance of 
Lachnospiraceae, which is a member of the gut 
microbiota capable of synthesizing SCFAs. In 
addition, garlic was shown to inhibit growth of 
select microorganisms in the gut, allowing more 
growth of Lactobacillus bacteria. The genus 
Lactobacillus consist of lactic acid bacteria with an 
essential role in maintaining gastrointestinal 
barrier integrity.23 In addition, Lactobacillus 
bacteria are able to affect blood pressure via renin-
angiotensin-aldosterone system modulation. Some 
species of Lactobacillus synthesize short peptides 
such as Val-Pro-Pro and Ile-Pro-Pro, which lower 
blood pressure through inhibition of angiotensin-
converting enzyme (ACE). Enhancement of mineral 
and phytoestrogens assimilation by Lactobacillus 
may also exert a vasodilatory effect.14 Garlic 
additionally exerts other vasoactive effects. Raw 
garlic contains allicin, which is a volatile 
organosulfur compound. Allicin inhibits the 
synthesis of TMAO by the gut microbiota, which 
may inhibit TMAO’s atherogenic and thrombogenic 
effects. Furthermore, aging garlic may convert the 
allicin into S-allylcystein, a phytochemical with 
known vasoactive properties.23,24  

Tea has previously shown antihypertensive 
activity mainly mediated by polyphenols, especially 
epigallocatechin gallate (EGCG).25 However, tea may 
also exert its antihypertensive effect through 
shifting the composition of certain genera in the gut 
microbiota. An in vivo study in male Wistar rats fed 
with high-salt diet also reported oolong tea and 
green tea exerted a significant preventive effect 
against hypertension following 8 weeks of 
intervention. The green tea group showed a 
significant enrichment of the Enterococcus genus, 
while the oolong tea group had specific and 
significant enrichment for Allobaculum, 
Paraprevotella, Oscillospira, Bifidobacterium, and 
Ruminococcus.26 

Extracts obtained from goji berry (Lycium 
barbarum) leaf also showed modulatory activity on 
the gut microbiota and its composition. Lycium 
barbarum leaf extract contains several polyphenols, 
such as neochlorogenic acid, chlorogenic acid, 
caffeic acid, and rutin. After 4 weeks of treatment 
with Lycium barbarum leaf extract, the abundance 

of Marvinbryantia, Parasutterella, Prevotellaceae, 
Blautia, Ruminococcus, and Coprococcus were 
restored in type 2 diabetes rat models.27 

Modulation of SCFA synthesis 
Modulation of SCFA synthesis by 

phytochemicals may also be a promising strategy in 
managing hypertension and type 2 diabetes. 
Administration of Curcuma longa L. ethanol-acetic 
acid-water extract into GIS1 colon simulators 
containing fecal microbiota sampled from 
hypertensive volunteer patients showed a positive 
modulation of SCFAs production. Curcumin, a 
constituent of Curcuma longa L. extract, stimulated 
the formation of butyric and propionic acids. 
Metabolomics-wise, this effect was shown to be 
similar to that exerted by dietary fibers, and the 
positive effects were dose-dependent.28 

 Mogrosides with 1–3 glucosyl residues (L-
SGgly) obtained from the Luo-Han-Guo fruits 
(Siraitia grosvenorii) extract also showed 
modulatory effects on SCFAs production. 
Administration of both the fruit extract and the L-
SGgly on type 2 diabetes rats for 14 days 
significantly increased SCFAs concentration, chiefly 
acetate and butyrate, as detected in the rats’ feces. 
In addition to SCFAs, L-SGgly also decreased 
deoxycholic acid and 1β-hydroxycholic acid levels.29 

4. Limitations and Challenges  
Studies on the involvement of gut microbiota on 

the pathogenesis of noncommunicable diseases, as 
well as the modulatory effects of phytochemicals on 
the gut microbiota, still face several limitations. For 
instance, many of the cited studies on how gut 
microbiota interacts with the host used animal 
models, especially murine models. This may limit 
our current ability to translate these findings to the 
human microbiota. The gut microbiota is a dynamic 
microecosystem affected by various factors. A 
plethora of host and environmental factors, such as 
age, diet, medications, exercise, and comorbidities 
may influence the composition and metabolic 
activities of the gut microbiota. In addition, host 
genetics, stress, and changes in the circadian 
rhythm may also affect the gut microbiota.11,22 How 
drugs other than antibiotics interact with the gut 
microbiota may also affect the composition of gut 
microbiota. For example, the oral antidiabetic drug 
metformin has been reported to be linked with 
higher abundances of the mucin-degrading 
Akkermansia muciniphila and some SCFA-producing 
genera, such as Megasphaera, Bifidobacterium and 
Prevotella.18 These factors are often not yet 
considered in animal studies or existing trials 
involving human participants. This presents a 
challenge for future studies, especially those 
involving human participants, to consider these 
factors. 
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Figure 2. Modulation of gut microbiota and its products by phytochemicals. SCFAs: short-chain fatty acids 
TMAO: Tri-methylamine-N-oxide, CV: cardiovascular 

 
Most studies use fecal sampling to determine the 

composition of the gut microbiota, or its 
metabolites. Mucosal biopsy may present a more 
ideal method to study microbiota composition and 
diversity, considering mucosal microbiota may 
differ from stool microbiota. However, mucosal 
sampling is not without its own limitations. Biopsy 
may cause the biofilm to be disrupted. Bowel 
preparation prior to colonoscopy and biopsy may 
also impact the sampled gut microbiota.11 In 
addition, differences in microbiota abundance and 
diversity may also be affected by the study methods. 
For instance, studies have various, non-comparable 
DNA extraction protocols, sampling methods, and 
detection methods. These are further affected by 
varying sample sizes, interpersonal variation, or 
environmental factors.19 

Phytochemicals may influence the gut 
microbiota and the host by a range of possible 
mechanisms, ranging from antioxidant activity, 
acting as substrates to directly influence microbial 
composition and abundance in a way similar to 
prebiotics, to inhibitory activity to pathogenic 
species by bactericidal or bacteriostatic means. 
These may also be influenced by synergism or 
additive effects from interacting with other dietary 
compounds or microbial metabolites.30 In addition, 
like any other xenobiotics entering the human body, 
phytochemicals may also undergo metabolism by 
either the host or the microbiota. For instance, most 

polyphenols are degraded and absorbed in the 
colon after metabolism by local microbiota.31 

Many studies on how plant products influence 
the gut microbiota are based on extracts or 
fractions, with the exact class or phytochemical 
compound acting on the gut microbiota and its 
mediated signaling axes remaining to be elucidated. 
Presently, the development of advanced 
technologies in metagenomics and metabolomics 
could aid in identifying and selecting biomarkers 
and possible targets in relation to dysbiosis and its 
effects on host metabolism. Together, these present 
a wide opportunity to identify potential 
phytochemical compounds from plant extracts, 
their pharmacokinetics on the host, and their 
molecular mechanisms of action to enable a more 
targeted therapeutic approach, both on the gut 
microbiota and host metabolism. 

5. Conclusion 
Phytochemicals targeting modulation of the gut 

microbiota may show potential in prevention and 
therapy of hypertension and type 2 diabetes. This 
may be achieved by affecting the composition of the 
gut microbiota, either by promoting growth and 
increasing abundance of select bacterial genera or 
species, or by suppressing pathogenic species. In 
addition, phytochemicals may act by modulating the 
microbiota’s metabolic pathways, such as SCFAs 
synthesis. 

However, in order to achieve optimal benefits 
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and better clinical outcomes, future studies are still 
needed considering the complexity of factors 
affecting gut microbiota, as well as the need to 
develop reproducible methods in studying the gut 
microbiota and its metabolites in order to further 
elucidate the role of gut microbiota in health and 
disease. In addition, identification of 
phytochemicals with good potential for gut 
microbiota modulation, as well as elucidation of 
their pharmacokinetics and molecular mechanisms 
of action, are also gaps that future studies need to 
address. 
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