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Abstract: Whole grain consumption has known beneficial effects for health. However, the interplay of whole grain 

consumption, the human gut microbiota, and metabolic health needs to be further unraveled. This paper aims to 

describe the interplay of whole grain consumption and gut microbiota for metabolic health. It is a narrative literature 

review. The journals were selected from PubMed, Science Direct, and Google Scholar. It was found that whole 

grain consumption could modulate the production of short-chain fatty acids. Whole grains contain phenolic acid, 

flavonoids, and plant sterols. The composition, diversity, structure, and metabolites of gut microbiota might be 

changed by whole grain consumption. Whole grain consumption might improve glucose metabolism, enhance 

immune function, and reduce inflammation. Glucose intolerance and insulin resistance might be reduced. Intestinal 

inflammation could be alleviated. In conclusion, whole grain consumption can improve gut health, better blood 

glucose control, and potentially reduced inflammation. 

 

1  INTRODUCTION 

The gut microbiota is essential in metabolic 

health and diet. Fermentation of dietary fibre is 

facilitated by gut microbial communities. The result 

of intestinal fermentation is Short Chain Fatty Acid 

(SCFA). Some SCFA such as propionate, acetetate, 

and butyrate influence endocrine system, 

adipogenesis, glucose homeostasis, lipid oxidation, 

gluconeogenesis, and gut barrier integrity. These 

mechanisms might protect against metabolic 

diseases (hypertension, type 2 diabetes, and 

cardiovascular health) (Fava et al., 2019). 

The gut microbiota is important in bile acid 

metabolism and change pathways involved in 

metabolic health. Metabolic disease risk might be 

diminished due to small phenolic compound. 

Molecular cross-talk might occur between host and 

the gut microbiota (Fava et al., 2019). 

Metabolic syndrome (MetS) might cause 

cardiovascular and cerebrovascular diseases. 

Research suggests that differences in gut microbiota 

composition between individuals with MetS and 

healthy individuals can lead to development of 

MetS. The interaction between gut microbiota and 

host metabolism is influenced by various factors, 

including inflammation, short-chain fatty acid 

metabolism, and bile acid metabolism. However, 

the relationship between gut microbiota and MetS 

remains controversial in humans and requires 

further research (Liu et al., 2025). 

Given the increasing prevalence of MetS 

globally, research on gut microbiota has become 

crucial. A balanced gut microbiota plays a vital role 

in maintaining homeostasis and preventing 

metabolic diseases. However, further studies are 

needed to understand how gut microbiota can be 

manipulated to prevent and treat MetS (Oda, 2018). 

Whole grain consumption has known beneficial 

effects for health. However, the interplay of whole 

grain consumption, the human gut microbiota, and 

metabolic health needs to be further unraveled. This 

paper aims to describe the interplay of whole grain 

consumption and gut microbiota for metabolic 

health. 

2  METHOD 

It is a narrative literature review. The journals 

were selected from PubMed, Science Direct, and 

Google Scholar. The publication date was 2015-

2025. The articles were included if the title and 

abstract included 2 out of 3 keywords (grain, 

microbiota, metabolic health). The articles were 

excluded if the full text articles were not availables 

in English. From 32 articles reviewed, there were 15 

articles chosen based on the inclusion criteria. 
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3  RESULT  

Grain consumption 

It was found that whole grain consumption 

could modulate the production of short-chain fatty 

acids. Whole grains contain phenolic acid, 

flavonoids, and plant sterols. The composition, 

diversity, structure, and metabolites of gut 

microbiota might be changed by whole grain 

consumption. Whole grain consumption might 

improve glucose metabolism, enhance immune 

function, and reduce inflammation. Glucose 

intolerance and insulin resistance might be reduced. 

Intestinal inflammation could be alleviated (Fava et 

al., 2019). 

The gut microbiota is essential in maintaining 

the balance of the body's metabolic processes. An 

imbalance of the gut microbiota, also known as 

dysbiosis. Dysbiosis might cause some metabolic 

disorders such as dyslipidemia, insulin resistance, 

and obesity (Wang et al., 2020). 

 

Short-chain fatty acids (SCFAs), gut barrier, 

and bile acid 

The gut microbiota influences the host's 

metabolism through several mechanisms. The gut 

microbiota helps maintain the integrity of gut 

barrier. The translocation of toxins and undigested 

food particles into the bloodstream are prevented. 

Short-chain fatty acids (SCFAs) are produced by the 

gut microbiota. SCFAs play a key role in regulating 

glucose and lipid metabolism, insulin sensitivity, 

and inflammation. Bile acids are produced by the 

liver and stored in the gallbladder, play a crucial 

role in lipid digestion and absorption. The gut 

microbiota influences bile acid metabolism, which 

can impact glucose and lipid metabolism (Wang et 

al., 2020). 

 

Gut microbiota 

The gut microbiota, composed of up to 1000 

species of bacteria, plays a crucial role in human 

health by producing metabolites that can have 

positive or negative effects on the host. These 

metabolites can influence inflammation, oxidation, 

pain relief, and energy production, among other 

physiological processes. An imbalance of the gut 

microbiota, or dysbiosis, can lead to extensive 

physiological changes and increase the risk of 

metabolic syndrome (Wang et al., 2020). 

Studies have found differences in the gut 

microbiome between healthy and obese individuals, 

with changes in the composition and function of the 

microbiota contributing to obesity and insulin 

resistance. Specific bacteria, such as Enterobacter 

cloacae, have been linked to obesity and metabolic 

disease. These findings suggest that the gut 

microbiota is an important environmental factor in 

regulating fat storage and metabolism, and may be 

a potential target for the prevention and treatment of 

obesity and related disorders (Tomas et al., 2016; 

Wang et al., 2020). 

 

Gut microbiota and metabolic health 

Gut microbiota dysbiosis is linked to 

hyperglycemia, a key component of metabolic 

syndrome (MetS). Reduced abundance of beneficial 

bacteria like butyrate-producing bacteria, are 

associated with type 2 diabetes (T2DM). Butyrate, 

a short-chain fatty acid produced by gut microbiota, 

has beneficial effects on gut health, inflammation, 

and metabolism. However, more research is needed 

to fully understand the relationship between gut 

microbiota and hyperglycemia (Wang et al., 2020; 

Zhou et al., 2019). 

Dyslipidemia, characterized by abnormal lipid 

or lipoprotein levels in the blood, is linked to gut 

microbiota imbalance. Research has shown that 

high-glucose or high-fructose diets can alter the gut 

microbiome, leading to dyslipidemia and lipid 

accumulation. Studies in both mice and humans 

have found associations between gut microbiota 

composition and lipid metabolic disorders, 

including changes in diversity and abundance of 

specific taxa. The gut microbiome has been 

estimated to explain a significant proportion of 

variation in body mass index, triglycerides, and 

HDL levels (Wang et al., 2020). 

Individuals with hypertension have reduced gut 

microbiota diversity and an imbalance in the ratio 

of certain bacterial populations. Studies in both 

animals and humans have found that gut microbiota 

alterations can contribute to the development of 

hypertension, and that transplanting gut microbiota 

from hypertensive individuals into healthy mice can 

transfer elevated blood pressure. These findings 

suggest a direct link between the gut microbiota and 

blood pressure regulation (Li et al., 2017). 

Hyperuricemia, a key factor in gout and 

metabolic syndrome, is linked to gut microbiota 

imbalance. Studies have shown that individuals 

with hyperuricemia have altered gut microbiota 

composition, including changes in the abundance of 

certain bacterial populations such Bacteroides, 

while Fecalibacterium prausnitzii and 

Bifidobacterium pseudocatenulatum are 

diminished. These changes may contribute to the 

development of hyperuricemia and related disorders 

(Guo et al., 2016; He et al., 2025). 

Non-alcoholic fatty liver disease (NAFLD) is a 

common chronic liver disease closely linked to 

metabolic syndrome. Research suggests that gut 

microbiota imbalance plays a crucial role in 

NAFLD development. Studies have identified 
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specific bacteria, such as Klebsiella pneumoniae, 

that may contribute to NAFLD pathogenesis. The 

gut-liver axis is thought to be a key factor, with 

disruption of the gut barrier leading to bacterial 

translocation, immune activation, and liver 

inflammation (Wang et al., 2020). 

Obstructive sleep apnea hypopnea syndrome 

(OSAHS) is a sleep disorder linked to gut 

microbiota disorders. Research has shown that 

intermittent hypoxia can alter the gut microbiome 

composition, with changes in the abundance of 

certain bacterial populations, such as increased 

Firmicutes and decreased Bacteroidetes and 

Proteobacteria. These changes may contribute to the 

development of OSAHS (Ko et al., 2019; Moreno-

Indias et al., 2015; Zmora et al., 2019). 

 

Balance among nutrition (grain), microbiota, 

and metabolic health 

 Nutritional guidelines emphasized on 

more grain for health reasons. Grain could be 

fermented by the gut microbiota and produces 

SCFA. SCFA shown beneficial effects on 

inflammation and insulin resistance. This condition 

might lower the prevalence of diabetes and obesity. 

Grain consumption will improve insulin resitance 

and control body weight (lower body fat) (Aslam et 

al., 2026; Ray & Shankaran, 2026; Van Kalkeren et 

al., 2026). 

4 CONCLUSIONS 

The gut microbiota plays a critical role in the 

development and progression of metabolic 

syndrome. Metabolic syndrome is a global health 

issue characterized by risk factors like obesity, 

hyperglycemia, and hypertension. If untreated, it 

can lead to diseases like non-alcoholic fatty liver 

disease (NAFLD) and obstructive sleep apnea 

hypopnea syndrome (OSAHS). The development of 

MetS is linked to factors like insulin resistance, 

chronic inflammation, and gut microbiota disorder. 

The gut microbiota plays a crucial role in 

maintaining human health and is involved in 

regulating metabolism, immune function, and gene 

expression. 
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