
Frontiers in Endocrinology

OPEN ACCESS

EDITED BY
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Distribution characteristics of
oral microbiota and its
relationship with intestinal
microbiota in patients with type
2 diabetes mellitus
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Xiao-juan Hu3, Li-ping Tu1, Ji Cui1, Hao Lu4*, Tao Jiang1*

and Jia-tuo Xu1*

1School of Basic Medical Sciences, Shanghai University of Traditional Chinese Medicine,
Shanghai, China, 2School of Anesthesiology, Naval Medical University, Shanghai, China, 3Shanghai
Collaborative Innovation Center of Health Service in Traditional Chinese Medicine, Shanghai
University of Traditional Chinese Medicine, Shanghai, China, 4Department of Endocrinology,
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Introduction: Type 2 diabetes mellitus (T2DM) has a high incidence rate globally,

increasing the burden of death, disability, and the economy worldwide. Previous

studies have found that the compositions of oral and intestinal microbiota

changed respectively in T2DM; whether the changes were associated or

interacted between the two sites and whether there were some associations

between T2DM and the ectopic colonization of oral microbiota in the gut still

need to be identified.

Research design and methods: We performed a cross-sectional observational

study; 183 diabetes and 74 controls were enrolled. We used high-throughput

sequencing technology to detect the V3-V4 region of 16S rRNA in oral and stool

samples. The Source Tracker method was used to identify the proportion of the

intestinal microbiota that ectopic colonized from the oral cavity.

Results: The oral marker bacteria of T2DM were found, such as Actinobacteria,

Streptococcus, Rothia, and the intestinal marker bacteria were Bifidobacterium,

Streptococcus, and Blautia at the genus level. Among them, Actinobacteria and

Blautia played a vital role in different symbiotic relationships of oral and intestinal

microbiota. The commonly distributed bacteria, such as Firmicutes, Bacteroidetes,

and Actinobacteria, were found in both oral and intestine. Moreover, the relative

abundance and composition of bacteria were different between the two sites. The

glycine betaine degradation I pathway was the significantly up-regulated pathway in

the oral and intestinal flora of T2DM. The main serum indexes related to oral and

intestinal flora were inflammatory. The relative abundance of Proteobacteria in the

intestine and the Spirochete in oral was positively correlated, and the correlation

coefficient was the highest, was 0.240 (P<0.01). The proportion of ectopic

colonization of oral flora in the gut of T2DM was 2.36%.

Conclusion: The dysbacteriosis exited in the oral and intestine simultaneously,

and there were differences and connections in the flora composition at the two
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sites in T2DM. Ectopic colonization of oral flora in the intestine might relate to

T2DM. Further, clarifying the oral-gut-transmitting bacteria can provide an

essential reference for diagnosing and treating T2DM in the future.
KEYWORDS

T2DM, oral microbiota, gut microbiota, distribution, relationship (guanxi)
1 Introduction

Diabetes mellitus is a chronic metabolic disorder characterized

by impaired insulin secretion, insulin action, or both (1). The

number of diabetes patients is increasing, and 5.37 million

diabetes patients worldwide in 2021, and about 90% - 95% of the

cases were type 2 diabetes mellitus(T2DM) (2, 3). Early diagnosis

and intervention of diabetes can delay the disease progression and

reduce the incidence and mortality of long-term cardiovascular and

cerebrovascular events (4).

The composition of human microorganisms is associated with the

physiological and pathological state of the body (5), the oral microbiota

dysbiosis is relevant to diabetes (6, 7). At the same time, different sites in

the oral cavity have different microbiota compositions (8). Studies have

shown that the variation of bacteria in saliva (9), buccal mucosa (10), and

dental plaque was associated with T2DM (11). However, there were few

studies on the characteristics of tongue-coating microbiota in diabetes.

The tongue coating is not only the center of flora interaction between

different oral sites (8, 12) but also a potential microbiological bank in the

oral cavity (13), and it is convenient and non-invasive to be collected

(14). Hence, it may be an excellent site to diagnose and monitor the state

of T2DM through the microbiome in the oral cavity.

Oral microbiota is closely related to the gut microbiota, and some

oral-gut flora transmitters are in the oral cavity (15, 16). About 1011

bacterial cells flow daily from the oral cavity to the stomach. More

than 45% of the subject’s oral cavity and feces had a similar

microbiota distribution in the Human Microbiome Project (17).

The symbiotic flora in the oral cavity and intestine is essential in

regulating the immune system (18). In patients with inflammatory

bowel disease, the change of the intestinal microbiota can directly or

indirectly affect the composition of the oral microbiota by affecting

the host immune response (19). In patients with rheumatoid arthritis

and osteoarthritis, the microbiota diversity in the oral and intestine

decreased simultaneously, and the abundance of Porphyromonas

gingivalis in the oral cavity and Prevotella copri in the gut had the

most apparent change (20). Taking Porphyromonas gingivalis can

induce intestinal flora imbalance and destroy the intestinal epithelial

barrier, leading to the invasion of bacteria and bacterial products and

aggravating the pathological changes of nonalcoholic fatty liver and

gastrointestinal inflammation in mice (21, 22). The distribution of

oral-gut microbiota can affect the host’s healthy state. Clarifying the

relationships between oral and intestinal flora in patients with T2DM

can provide a reference for diagnosing and treating T2DM.

However, oral bacteria had poor colonization ability in the healthy

intestine (18). The ectopic colonization of oral bacteria in the intestinal
02
can induce inflammatory-related diseases (23, 24), such as inflammatory

bowel disease (25) and colorectal cancer (26). T2DM has the

characteristics of chronic low-grade inflammation (27). Studies found

that the intestinal permeability increase to bacterial lipopolysaccharide

was an important factor triggering the systemic inflammatory response

(28). Moreover, short-chain fatty acids produced by intestinal flora play

an essential role in intestinal mucosa integrity (29). In T2DM, butyrate

production decreased significantly, and intestinal permeability increased

(30, 31). Nevertheless, whether the imbalance of intestinal flora is related

to the ectopic colonization of oral flora in patients with type 2 diabetes

still needs to be studied.
2 Study participants

Patients with the age of onset between 18 and 75 years from the

endocrinology department of Shuguang Hospital, affiliated with the

Shanghai University of Traditional Chinese Medicine, were

recruited in 2021. The diagnostic criteria of T2DM conformed to

the guideline for the prevention and treatment of T2DM in China

(2020 Edition) (4) and the World Health Organization standards

FBG≥7mmol/L and/or OGTT≥11.1 mmol/L) (32). We recruited the

healthy control group members from the physical examination

center of Shuguang Hospital and Shanghai University of

Traditional Chinese Medicine in 2021. A healthy state was

defined as no acute or chronic diseases, such as hypertension and

glycolipid metabolic diseases, no ongoing benign or malignant

diseases that may interfere with the study’s objectives, and no oral

diseases. The exclusion criteria were as follows: the one who had

severe heart, liver, or kidney dysfunction, acute complications of

T2DM, malignant tumors, or other internal severe diseases; those

who had taken antibiotics or immunosuppressants in the past three

months, topical antibiotics used in recent seven days. Oral

conditions such as an untreated oral abscess or fungal infection

were excluded. The pregnant and lactating patients or the patients

with mental illnesses were eliminated in this study.

183 patients and 74 healthy volunteers participated in this

study. 425 microbial samples were collected, including 183 oral

and 128 fecal samples from T2DM, 74 oral samples, and 40 fecal

samples from the health, Figure 1. And a total of 183 blood samples

were collected from the T2DM. The basic information about the

two groups is in Supplemental Table 1. All the participants were

requested to sign the informed consent approved by the ethics

committee of Shuguang Hospital, Affiliated with Shanghai

University of TCM.
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3 Sample collection

We recorded the participants’ basic information, height, weight,

systolic blood pressure, and diastolic blood pressure. We collected the

biological blood samples and oral microbiota samples of T2DM from 7:00

am to 9:00 amon an empty stomach. The routine blood examination, liver,

and renal function indexes, blood lipids, fasting blood glucose, fasting C-

peptide, and glycosylated hemoglobin (HbA1c) by an automatic Beckman

Coulter AU5800 biochemical analyzer (Beckman Coulter Inc. Brea, CA,

USA), Cobas 8000 e602 module (F. Hoffmann-La Roche, Ltd) and Bole

variant II turbo with HPLC method at the Department of Laboratory

Medicine, Shuguang Hospital. According to the calculator (HOMA2

Calculator v2.2) provided by the Diabetes Endocrine and Metabolism

Research Center of Oxford University, we calculated the insulin resistance

index (HOMA2-IR) with fasting blood glucose and fasting C-peptide.

We collected oral microbiota on the middle part of the tongue

dorsum with an aseptic pharyngeal swab, rotating back and forth at

least ten times. The participants collected the samples in the center of

the stool using a fecal sampler in the morning, cryopreserved, and

sent them to researchers on the same day. All the pieces were sealed

in the sterile and enzyme-free Eppendorf tube on ice and quickly

transferred to a minus 80˚C refrigerator within half an hour until

sequenced. Anyone who had taken food before oral microbiota

collection was asked to wash their mouth with sterile saline at least

2-3 times every 10 seconds, keep abrosia for 2 hours, and then collect.
4 DNA extraction, PCR amplification,
and sequencing

4.1 DNA extraction

According to themanufacturer’s instructions,we extracted total genomic

DNA samples with the OMEGA Soil DNA Kit (D5625-01) (Omega Bio-
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Tek, Norcross, GA, USA). We stored them at minus 20°C before further

analysis. The quantity and quality of extracted DNAwere measured using a

NanoDrop ND-1000 spectrophotometer (Thermo Fisher Scientific,

Scientific,Waltham,MA, USA) and agarose gel electrophoresis, respectively.
4.2 16S rRNA gene amplicon sequencing

PCR amplification of the bacterial 16S rRNA genes V3-V4 region

was performed using forward primer 338F (5’-ACTCCTA

CGGGAGGCGCAGCA-3’) and the reverse primer 806R(5’-

GGACTACHVGGGTWTCTAAT-3’). Sample-specific 7-bp barcodes

were integrated into primers for multiple Sequencing. The PCR

components include 5ml buffer (5x), 0.25ml Fast pfu DNA Polymerase

(5U/ml), 2ml (2.5 mM) dNTPs, 1ml (10 uM) of each Forward and Reverse

primer, 1ml DNA template and 14.75ml ddH2O. Thermal cycling included

initial denaturation at 98°C for 5 minutes. Then 25 cycles were carried out,

including denaturation at 98°C for 30 seconds, annealing at 53°C for 30

seconds and extension at 72°C for 45 seconds, and the final extension at

72°C for 5 minutes. PCR amplicons were purified with Vazyme

VAHTSTM DNA Clean Beads (Vazyme, Nanjing, China) and

quantified by Quant-iT PicoGreen dsDNA Assay Kit (Invitrogen,

Carlsbad, CA, USA). After the individual quantitation, amplicons were

pooled in equal amounts. The pair-end 2×250 bp sequencing was

performed using the Illumina NovaSeq platform with NovaSeq 6000 SP

Reagent Kit (500 cycles) at Shanghai Personal Biotechnology Co., Ltd

(Shanghai, China). In addition, the nucleotide sequences of all samples

were submitted to the National Center for Biotechnology Information

(NCBI) Search database (PRJNA 782768, PRJNA910326).
4.3 Sequence analysis

Microbiome bioinformatics was manipulated with QIIME2 2019.4

(33), and there was slight modification according to the official tutorials
FIGURE 1

Study design and flow diagram.
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(https://docs.qiime2.org/2019.4/tutorials/tutorials/). Firstly, we used the

demux plugin to demultiplex the raw sequence data, followed by

primers cutting with the cutadapt plugin (34). Using the DADA2

plugin, the sequence quality was filtered, denoised, merged, and the

chimera removed (35). Non-singleton amplicon sequence variants

(ASVs) were aligned with mafft (36) and applied to construct a

phylogeny with fasttree2 (37). Alpha diversity metrics [Shannon

(38)] and beta diversity metrics [unweighted UniFrac (39)] were

estimated using the diversity plugin with samples that were rarefied

to 29337 sequences per sample. Taxonomy was assigned to ASVs using

the classify-sklearn naive Bayes taxonomy classifier in the feature-

classifier plugin (40) against the HOMD Database (41). 34411891

sequences were detected from 425 samples in total, of which the

average effective sequence was 72828, the average high-quality

sequence was 51016, and the average sequence length was 420. All

curves in the sparse curve graph tend to be flat, which indicates that the

sequencing depth of all samples in this study is sufficient to reflect the

diversity, and further microbiota analysis can be performed

(Supplemental figure 1).
4.4 Bioinformatics and statistical analysis

We utilized a cloud platform (https://www.genescloud.cn/home)

for the sequence analyses, including QIIME2 (2019.4), R language

(v3.2.0), ggplot2 package, and Python. ASV-level alpha diversity

indices and Shannon diversity index was calculated using the ASV

table in QIIME2 and visualized as box plots. Kruskal-Wallis rank sum

test and Dunn’s test were used as post-hoc tests to verify the

significance of the difference. ASV-level ranked abundance curves

were generated to compare the richness and evenness of ASVs among

samples. Beta diversity analysis was performed to investigate the

structural variation of microbial communities across models using

UniFrac distance metrics (39) and visualized via principal coordinate

analysis (PCoA) hierarchical clustering (42). The significance of

microbiota structure differentiation among groups was assessed by

PERMANOVA (Permutational multivariate analysis of variance)

(43) using QIIME2. Linear discriminant analysis effect size (LEfSe)

was used to detect the differentially abundant taxa among the groups

using the default parameters (44). Random forest analysis was applied

to discriminate the samples from different groups using QIIME2 with

default settings (45, 46). Nested stratified k-fold cross-validation was

used for automated hyperparameter optimization and sample

prediction. Co-occurrence network analysis was performed by

SparCC analysis. The pseudo-count value in SparCC was set to 10-

6. The cutoff of correlation coefficients was determined as 70 through

random matrix theory-based methods as implemented in R package

RMThreshold, and network visualization was constructed by

Cytoscape (Cytoscape_v3.9.0). The R language was used to analyze

the topological structure of the network. The key species were found

according to the topological index, and the ZiPi diagram was used for

visualization. PICRUSt2 (Phylogenetic Investigation of Communities

by Reconstruction of Unobserved States) predicted the microbial

function on MetaCyc (https://metacyc.org/).

Furthermore, the difference in the metabolic pathway was

analyzed. Microbial traceability was carried out by the method of
Frontiers in Endocrinology 04
SourceTracker (47). This method evaluated the distribution of all

sequences in source sequences, including unknown source sequences.

It used those source sequences to construct the joint distribution of

these distributions by the Bayesian algorithm (48). Spearman’s

correlation was used to analyze the relationship between the

abundance of oral microbiota and intestinal microbiota, microbiota

abundance, and biological blood indexes by using IBM SPSS Statistics

26.0. p values < 0.05 were considered significant.
5 Research results

5.1 Oral Actinomyces may exert an
essential role in the change of bacteria
structure in T2DM

Through the a diversity analysis, we found that oral flora richness

in type 2 diabetes patients was higher than that in the control group

(P<0.001). There was no significant difference in bacterial uniformity,

Figure 2A. The oral microbiota was mainly composed of Prevotella,

Neisseria, and Fusobacterium in both groups, Figure 2B. And there

was a significant difference in the bacteria composition (P<0.001) in

Figure 2C and Supplemental Table 2. Through random forest analysis

(ten-fold cross-validation), we found the top 10 bacteria with the

most outstanding contribution to the difference between diabetes and

control at the genus level, Supplemental Figure 2. Among them, the

relative abundance of Streptococcus, Rothia, Cetobacterium, and

Defluviimonas in the T2DM group was significantly higher. At the

same time, Prevotella, Proteus, Desulfovibrio, and Allobaculum were

markedly lower than that in the control group (P < 0.001),

Supplemental Figure 3. LEfSe analysis showed that oral

Streptococcus, Rothia, and Actinomyces could be used as the marker

bacteria in patients with T2DM, Figure 2D.

To further clarify the relationships between diverse oral flora in

patients with type 2 diabetes, we constructed the co-abundance

network (at genus level) of oral microbiota in T2DM using SparCC

association network (|r|>0.625, P<0.05), Figure 2E. The network

was a scale-free network by calculating the topological index, which

implied that different oral bacteria in T2DM were mainly linked by

the short distance, Supplemental Figure 4. The Zi (within-module

connectivity) and Pi (among-module connectivity) scores showed

that Prevotella, Actinomyces, and Fusobacterium played a vital role

in the internal symbiotic networks. Actinomyces also was an

essential agent among different symbiotic networks, indicating

that Actinomycetes may play a significant role in the change of

microbiota structure in type 2 diabetes, Figure 2F.
5.2 Intestinal Blautia has a close
association with T2DM

We compared differences in gut microbiota composition

between 128 patients with T2DM and 40 healthy volunteers,

Supplemental Table 3. The results showed that both uniformity

and richness of intestinal microbiota in T2DM patients were

significantly lower than in the control group (P<0.001),
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Figure 3A. The intestinal microbiota was mainly composed of

Bacteroides, Prevotella, and Faecalibacterium in both groups,

Figure 3B. Meanwhile, the two groups could clearly distinguish

the microbiota composition, and the difference was statistically

significant (P=0.001), Figure 3C and Supplemental Table 4.

Through random forest analysis (ten-fold cross-validation), we
Frontiers in Endocrinology 05
found the top 10 bacteria with the most significant contribution

to the difference between diabetes and control, Supplemental Figure

5. Among them, the relative abundance of Cetobacterium, Rothia,

Shigella, Actinomyces, Defluvimonas, and Blautia was higher in

T2DM, Supplemental Figure 6. LEfSe analysis showed that the main

intestinal flora in T2DM was Firmicutes, Actinobacteria,
D

A B

E F

C

FIGURE 3

Distribution characteristics of intestinal microbiota in patients with type 2 diabetes (Figure (A) is the a Diversity results; Figure (B) is the composition
of intestinal flora in both groups (top 10 genera); Figure (C) is the results of the PeoA analysis; Figure (D) is the LEfSe analysis results of intestinal
microbiota in patients with T2DM (the LDA threshold is 3.5); Figure (E) is the co-abundance network diagram of intestinal flora in patients with
T2DM; Figure (F) is the Zipi diagram of intestinal flora in patients with T2DM). **represents P<0.01 , *** represents P<0.001.
D

A B

E F

C

FIGURE 2

Distribution characteristics of oral microbiota in patients with type 2 diabetes. (Figure (A) is the a Diversity results. Figure (B) is the composition of
oral flora in both groups (top 10 genera). Figure (C) shows the PCoA analysis results (each point in the figure represents a sample, and the
percentage in the bracket of the coordinate axis represents the proportion of sample difference data that the corresponding coordinate axis can
explain). Figure (D) is the LEfSe analysis results of oral microbiota in patients with T2DM (the ordinate in the figure was the taxon with significant
differences between groups, and the abscissa is the logarithmic score of LDA analysis of each taxon. The taxon is sorted according to the score
value. The longer the length is, the more significant the difference between the taxon is. The red bar chart is the diabetes group, the blue bar chart is
the control group, and the LDA threshold is 3.5.), Figure (E) is the co-abundance network diagram of oral flora in patients with T2DM (Nodes with
different colors represent a different module, the larger the nodes, the higher the relative abundance. Red lines represent the positive correlation;
blue lines represent the negative correlation, and the thicker the lines, the higher the correlation coefficient). Figure (F) is the Zipi diagram of oral
flora in patients with T2DM (The X and Y axes, respectively, represent the Pi and Zi values of nodes in the network. The node size is in direct
proportion to its abundance. Different colors identify nodes in the top five genera with the highest abundance. The legend on the right shows the
bacteria corresponding to each color point.). *** represents P<0.001.
frontiersin.org

https://doi.org/10.3389/fendo.2023.1119201
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Guo et al. 10.3389/fendo.2023.1119201
Proteobacteria, and Verrucomicrobia at the phylum level,

Bifidobacterium, Blautia, Shigella, and Streptococcus at the genus

level, Figure 3D.

Simultaneously, we constructed the co-abundance network of

the intestinal microbiota of T2DM, Figure 3E. It was a scale-free

network, Supplemental Figure 7. Bacteroides, Faecalibacterium, and

Blautia played essential roles in the inner of various symbiotic

networks; Bacteroidetes and Blautia also played important roles

among different symbiotic networks, Figure 3F. Based on the above

results, Blautia was closely related to T2DM and might be essential

in changing intestinal microbiota structure in type 2 diabetes.
5.3 Differences in the composition of oral
and intestinal flora in T2DM

The oral and gut microbiota compositions were different in

patients with T2DM, although some bacteria colonized in both sites

simultaneously, such as Prevotella and Streptococcus, Figures 4A, B.

Nevertheless, the flora in the two areas differed in the a and b
diversity (P<0.001), Figure 4C, D, and Supplemental Table 5. The

random forest results (10-fold cross-verification) showed that

Bacteroides, Leptotrichia, Campylobacter, Ruminococcu, and

Blautia were the main bacteria that could distinguish the oral

flora from the intestine, Supplemental Figure 8. LEfSe analysis

showed that Prevotella, Neisseria, Fusobacterium, Streptococcus,
Frontiers in Endocrinology 06
and Actinomycetes were the dominant bacteria in the oral cavity.

Bacteroides, Bifidobacterium, Brautella, Shigella, and Clostridium

praxis were the predominant compositions in the intestine (at genus

level), Figure 4E.

The results of PICRUSt2 showed that Biosynthesis and

Degradation were the central metabolic pathways of oral and

intestinal microbiota in T2DM, Supplemental Figures 9, 10. The

metabolic pathways significantly up-regulated in the oral and gut

flora of T2DM were different compared with healthy individuals.

However, the glycine betaine degradation I pathway (PWY-3661)

was up-regulated in the oral and intestinal flora simultaneously,

Supplemental Figures 11, 12.
5.4 The intestinal microbiota distribution
was associated with oral microbiota
in T2DM

The oral and intestinal bacteria with average relative abundance

greater than 1% were selected as typical bacteria (ASV level) for

correlation analysis in 128 patients with T2DM. A total of 15 ASVs

were chosen from the oral, which belonged to Fusobacterium, Prevotella,

Streptococcus, Veillonella, Neisseria, Rothia, and Actinomyces. 12 ASVs

were selected from the intestinal tract: Shigella, Blautia, Bifidobacterium,

Bacteroides, Gemmiger, Faecalibacterium, unclassified_Ruminococcaceae

and Streptococcus (at genus level). Streptococcus was distributed in the
E

A B C

D

FIGURE 4

Difference between oral flora and intestinal flora in patients with T2DM. (Figure (A) is the Venn diagram of oral and intestinal microbiota at the ASV
level. Figure (B) is the microbiota in both groups (top 10 genera). Figure (C) is the results of a diversity. Figure (D) is the result of the PeoA analysis.
Figure (E) is the LEISe analysis results (the LDA threshold is 4). T represents the tongue-coating microbiota sample, and F represents the intestinal
microbiota samples.). *** represents P<0.001.
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oral and intestinal tract, and the average constituent ratio was 13.4% and

2.93%, respectively.

Spearman correlation analysis found that Prevotella in the oral

was positively correlated with Bifidobacterium in the gut, and the

correlation coefficient was the highest (r=0.224, P<0.05), Figure 5A.

At the same time, the top 10 bacteria (at phylum level) co-distributed

in both oral and intestinal tract were selected for correlation analysis.

The results showed that the correlation coefficient between

Spirochaetes in oral and Proteobacteria in the intestinal tract was

the highest (r=0.240, P<0.01), Supplemental Table 6.

To further explore whether there was ectopic colonization of

oral flora in the intestinal tract in patients with T2DM, we used the

Source Tracker method to analyze. The results showed that nearly

2.36% of intestinal flora came from the ectopic colonization of

tongue-coating flora, which was higher than the results of healthy

people (< 0.9%) in the previous study (49), Figure 5B.
5.5 The relationships between bacterial
distributions and blood indices in patients
with T2DM

We separately selected the top 10 bacteria (at genus level) in the

oral and intestinal tract to analyze their correlation with blood

indexes. Among them, Prevotella and Streptococcus were the typical

distribution in both sites. Through correlation analysis, we found

that intestinal Faecalibacterium had the highest correlation

coefficient with HDL (r=0.309 P<0.01). Lymphocytes and white

blood cells were the most common indicators related to intestinal

flora. Prevotella had the most correlations with laboratory

indicators and had the highest correlation coefficient with

mononuclear cells (r=-0.232, P<0.01), Figure 6A. Among the oral

microbiota, the correlation coefficient between Neisseria and

monocytes was the highest (-0.336, P<0.01). The mononuclear

cell counts had the most associations with oral microbiota. The

bacteria with the most correlated laboratory indicators was

Leptotrichia, with the highest correlation coefficient with HbA1C
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(r=-0.275, P<0.01). Prevotella distribution in both sites had the

exact correlation with monocyte count. Based on these results, we

found that the main indexes related to oral and intestinal flora in

patients with T2DM were inflammatory, Figure 6B.
6 Discussion

The microbiota composition is closely related to T2DM.

Research shows that even if there is no oral problem, the

composition of oral flora and its metabolites in patients with

T2DM have also changed compared with healthy people, such as

Porphyromonas gingivalis and Prevotella melanogeneica

significantly enriched (50). Using prebiotics to regulate the oral

flora of patients with T2DM can recover insulin resistance and

glucose intolerance (51). There is a correlation between intestinal

microbes and T2DM and its complications (52). Intestinal

Bifidobacterium, Bacteroides, and Akkermansia were negatively

correlated with T2DM, while Rumococcus, Fusobacterium, and

Blautia were positively correlated with T2DM (53). At the same

time, oral administration of Blautia wexlerae can change the

composition of intestinal flora and its metabolic function,

reducing obesity and diabetes caused by a high-fat diet (54).

These studies indicate that oral and intestinal flora are pathogenic

factors of T2DM and potential targets for its treatment.

In this study, we found dysbiosis of oral microbiota in Patients

with T2DM. Moreover, the preponderant bacteria distributed in the

oral were Streptococcus, Rothia, and Actinomyces (at genus level),

which were consistent with other studies (6, 7, 55). Streptococcus is

the earliest colonized bacteria in the human body and has a wide

distribution throughout the whole body, with a high abundance in

the mouth (16, 56, 57). Some oral Streptococci can produce acidic

substances, which are directly related to the development of dental

caries (57). Streptococci could increase the possibility of oral diseases

under poor blood glucose control, such as periodontitis and dental

caries (58, 59). Actinomyces was a Gram-positive, obligate anaerobic

bacteria and a facultative pathogenic bacteria colonized in the oral
A B

FIGURE 5

The relationships between oral flora and intestinal flora in T2DM (Figure (A) is the correlation beatmap between oral flora and intestinal flora, Figure
(B) is the results of the Source Tracker, F represents the feces samples, and T represents the tongue-coating samples).
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cavity, intestine, and skin. It was a common bacteria in the oral

cavity (60). In this study, we found that oral actinomyces may be

one of the main bacteria-inducing changes in oral flora in patients

with T2DM. The pathogenicity of Actinomyces may be related to

glucose metabolism. It could obtain energy by participating the

glycolysis. Moreover, its metabolites could lead to the accumulation

of intracellular polysaccharides (61). Actinomyces had a close

association with gingival and periodontal diseases, which may be

an aggravating factor in the onset of diabetes disease (62, 63).

Intestinal dysbacteriosis also occurred in patients with T2DM.

Bifidobacterium, Blautia, and Streptococcus were the predominant

bacteria in the intestine. Among them, Blautia plays a vital role in

the symbiotic relationship of intestinal flora. It is an essential short-

chain fatty acid-producing bacteria with an anti-inflammatory effect

(64). The high abundance of Blautia could increase intestinal

permeability, causing an inflammatory response (64). Blautia was

positively correlated with T2DM (53), which was consistent with

the result of this study. However, some studies found that the

increase in Blautia was closely related to improving glucose and

lipid homeostasis in T2DM (65) and could alleviate diabetes and

obesity (66, 67). Therefore, further research still needs to clarify the

role of Blautia in patients with T2DM. Bifidobacterium mainly

distributes in the intestinal tract of insects and mammals. It was

considered beneficial to the health and closely related to the diet

habits of the host (68). The use of Acarbose can hinder the

hydrolysis and absorption of carbohydrates in the small intestine,

which can increase the fermented substrate of microbiota in the

distal intestinal, promoting the growth of Lactobacillus and

Bifidobacterium and depleting the original dwelling species, such

as Bacteroides and Clostridium (69). Patients in this study are using

or have been treated with related hypoglycemic drugs, influencing

the results of this study.

Some bacteria colonized oral and intestinal tracts, such as

Firmicutes, Bacteroidetes, and Actinobacteria, consistent with

other research results (14, 70). The relative abundance and

distribution structure of bacteria were significantly different
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between the two sites, while they also had some connections and

might interact with each other. Spirochaetes and Proteobacteria,

distributed in the oral and intestine simultaneously, had a positive

correlation. Its correlation coefficient was the highest in the

correlation analysis between bacteria co-distributed in both sites

(r=0.240, P < 0.01). Spirochetes have a double membrane

architecture, and it has the characteristics of both Gram-positive

and Gram-negative (71). It contains some pathogenic species, such

as Leptospira and Treponema pallidum, closely related to zoonotic

leptospirosis and syphilis (72–74). Oral Treponema, the key

pathogen related to periodontitis and gingivitis, has more than 60

species (75, 76). Furthermore, periodontitis and gingivitis have a

close association with T2DM. The increase of Proteobacteria

abundance is closely related to intestinal dysbacteriosis and

associated with some inflammatory diseases, such as metabolic

disorders and inflammatory bowel disease (77–79). The

correlation between oral Spirochete and intestinal Proteobacteria

suggests that the pathogenic microorganisms at different human

body sites can change synchronously in the state of disease, which

provides clues for the monitoring, diagnosing, and treating diseases.

The intestinal native microbiota, mainly probiotics that secrete

bacteriocins, antibiotics, and metabolites, can compete for nutrition

and space against exogenous pathogens to maintain body health

(80). The ectopic colonization of oral flora in the intestine was

associated with diseases such as liver cirrhosis (81) and IBD (25).

Prevotella, co-distributed in the oral cavity and intestine, could

colonize in the distal intestine from the oral (82). Oral microflora

had the chance to colonize in the intestine, destroying the intestinal

epithelial barrier, inducing the excessive secretion of inflammatory

cytokines, the destruction of the host immune system, and the

induction of immune escape (83). T2DM is characterized by

chronic low-grade inflammation (27), closely related to intestinal

microflora change and intestinal permeability increase (84). In this

study, the proportion of ectopia colonization of oral flora in the

intestine reached 2.36%, significantly higher than the healthy (49),

indicating that T2DM might correlate with the heterotopic
A B

FIGURE 6

Correlation heatmap of microbiota abundance and serum indexes in T2DM (Figure (A) is the correlation heatmap between oral flora and serum
indexes; Figure (B) is the correlation heatmap between intestinal flora and serum indexes.).
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colonization of oral flora in the intestine, which might provide an

essential reference for the diagnosis and treatment of type

2 diabetes.

In addition, microbial metabolites are important mediators that

can affect the glucose metabolism of the host (85). The results of

PICRUSt2 show that the glycine betaine degradation I (PWY-3661)

pathway up-regulated significantly in patients with T2DM and

synchronized in the oral and intestinal microbiota. This pathway has

anti-inflammatory functions in many diseases and has beneficial effects

on obesity, diabetes, cancer, and Alzheimer’s disease (86). The plasma

glycine was related to insulin resistance; the increased serum glycine

could reduce the risk of T2DM. Human glycine is mainly synthesized

from glyoxalate, glucose (through serine), and betaine (87). The

increased expression of the glycine degradation pathway in the oral

and intestinal flora may lead to the decrease of serum glycine levels and

promote the occurrence of insulin resistance. Moreover, it indicated

that themetabolic function changes of oral and intestinal floramight be

similar, and multi-site flora was necessary for further studies.

Although this study revealed the microecological changes of

T2DM, it explored the relationships between the oral and intestinal

flora. However, there were still some limitations, such as the age

span of the patients included was significant, and there were some

differences in the distribution of gender and BMI compared to the

controls. Meanwhile, we did not explore the heterotopic colonized

bacteria directly related to T2DM.

Some studies have found that the structure of microbiota in

healthy people will change with age increasing (88, 89). There are

differences in microbiota composition between individuals and

within individuals. For example, microbial diversity increases with

age until the composition of the microbial community is stable at

approximately three years of age. Changes in Actinomycetes,

Bacteroides, and Firmicutes mainly manifest it. However, the

diversity of intestinal flora of the elderly aged over 70 years

decreased (90). With age, the a diversity of oral flora shows a

descending trend, while the b diversity shows an increasing trend in

healthy people (88). It is suggested that age impacts the distribution

of flora, especially in diversity. In this study, the average age of

T2DM was higher than that of the control group, and a diversity

showed that the Chao1 index of oral microbiota was more elevated

in T2DM, while the gut microbiota was contrary. Considering the

change of flora diversity with age was different between the state of

disease and health, the difference in flora composition among other

age groups of T2DM needs to be further studied.

Gender had no significant effect on the distribution of oral flora (5,

91) and might affect intestinal flora (92), which was influenced by the

grade of obesity (93). With the increase in BMI, the content of

intestinal Firmicutes will gradually increase, while the range of

Bacteroides will decrease progressively (94). T2DM is one of the

significant metabolic complications of obesity, and they share

fundamental pathophysiological mechanisms. Controlling obesity can

significantly improve glucose metabolism (95). The change in intestinal

flora triggers metabolic inflammation in obesity and T2DM (96). These

studies suggest that obesity is closely related to T2DM, and the specific

changes in their flora still need further hierarchical analysis.

The metagenomic analysis can identify the metabolic pathway

of the potential biomarkers. However, using the 16SrRNA methods
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only to obtain the predicted results of microbial metabolic

pathways. Hence, applying the metagenomic analysis in future

studies will provide a more helpful basis for diagnosing and

treating T2DM with microbiota. Furthermore, we only used

correlation analysis to explore the associations between the flora

at different sites and the relationship between the flora and blood

indicators. The r value needs to be higher, indicating that this

method needs to be revised to identify the associations among

different indexes. This is also one of the limitations of this study. We

will continue to improve the methodology and the study protocol,

explore and validate the oral-gut-transmitting microbes in T2DM

and study its relevant mechanism in the future.
7 Conclusion

In T2DM, dysbacteriosis exited in the oral and intestine

simultaneously. Even though the composition of bacteria was

different between the two sites, the abundance of bacteria could

interact with each other, and the ectopic colonization of oral flora in

the intestinal tract was related to T2DM. Further identifying the

corresponding oral-gut-transmitting microbes in T2DM may

provide some new clues to intervene and may make it possible to

evaluate the state of gut microbiota by observing the changes in oral

microbiota in T2DM. Meanwhile, controlling the influencing

factors, exploring new bioinformatics analysis methods, and

conducting animal experiments to clarify the relative microbial

mechanism can help prevent and treat T2DM in the future.
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associated differences in oral microbiota and salivary biochemical parameters in
response to feeding. J Physiol Biochem (2021) 77(1):155–66. doi: 10.1007/s13105-
020-00757-x

92. Kushak RI, Winter HS. Gut microbiota and gender in autism spectrum disorders.
Curr Pediatr Rev (2020) 16(4):249–54. doi: 10.2174/1573396316999200727123026
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