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ABSTRACT
Objective: The oral microbiota is associated with the risk of type 2 diabetes (T2D), but the
relationship between the oral microbiota and disease progression in the elderly population
remains to be determined.
Design: In our study, we recruited 150 elderly Chinese residents and divided them into three
groups according to their fasting glucose (FG) level: normal (N), high (H), and very high (VH). Their
biochemical indexeswere analyzed using blood samples. Saliva sampleswere collected and the oral
microbiome was profiled by high-throughput sequencing of the V3-V4 area of the 16S rRNA gene.
Result: Our results revealed that the VH group showed deterioration of the metabolic pheno-
type and dysbiosis of the oral microbiota simultaneously when compared to the other two
groups. Furthermore, potential disease-associated bacterial genera including Leptotrichia,
Staphylococcus, Catonella, and Bulleidia were significantly enriched in the VH group.
Conclusions: These results suggest that dysbiosis of the oral microbiota may be a typical
feature of hyperglycemia and might also contribute to disease aggravation in the progression
of hyperglycemias.
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Introduction

Type 2 Diabetes (T2D) has become one of the most
prevalent metabolic diseases throughout the world that
has induced a serious public health crisis [1]. The main
characteristics of diabetes are insulin resistance and
hyperglycemia, which lead to systemic deterioration
and various complications [2]. During the progression
of hyperglycemia, the identification of disease signa-
tures for each stage is crucial for comprehensive
assessment and control of hyperglycemia.

Recently, growing evidences suggest that the
human microbiota plays a crucial role in the onset
and progression of many metabolic diseases asso-
ciated with inflammation and insulin resistance,
such as T2D, obesity, and non-alcoholic fatty liver
disease [3–5]. The oral cavity is the gateway of the
digestive tract, and the oral microbiota is the second
most complex microbiota in the human body [6].
Therefore, the oral microbiota represents a relevant
target for further investigation. Prior studies have
revealed a structural shift in the oral microbiome in
patients with diabetes compared to healthy controls
[7,8]. The dysbiosis of the oral microbiota is highly

associated with the development of periodontal dis-
ease, which can induce higher level of inflammation
locally and systemically, and then contribute to
aggravation of hyperglycemia [9]. Therefore,
a bidirectional relationship has been proposed
between hyperglycemia and oral health [10].
However, the oral microbial signatures for the pro-
gression of hyperglycemia are still vague. Therefore,
further studies are needed to identify specific oral
microbial signatures in diabetes etiology. Here, we
examined the oral microbiota during the progression
of hyperglycemia. Oral microbial signatures asso-
ciated with hyperglycemia might be useful for pre-
diagnosis and risk assessment of diabetes.

Material and methods

Study group

We conducted a community-based cross-sectional
study of an elderly population in Shanghai, China.
A total of 216 subjects, who were older than 60 years
and local to Shanghai were originally recruited from
the Zhangjiang and Beicai Community Health Service
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Center. The exclusion criteria were: (1) subjects with
mental disorders, malignant tumors, and serious dis-
eases; (2) antibiotic usage during the last three
months; (3) refused to sign or comply with the writ-
ten information. Following the exclusion criteria, 150
subjects were finally included in this study. A flow
diagram of the study design and the subject inclu-
sion/exclusion criteria are shown in Figure 1. The
study was performed according to the guidelines of
the Helsinki Declaration and approved by the Ethics
Committee of the Shanghai University of Traditional
Chinese Medicine.

Clinical investigation

Body weight and height were measured using an
electronic instrument (Shengyuan; Zhengzhou,
China) to calculate body mass index (BMI). Blood
samples were collected after overnight fasting. Fasting
plasma glucose (FPG), triglyceride, total cholesterol,
high-density lipoprotein (HDL), low-density lipopro-
tein (LDL), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), white blood cells (WBCs),
and monocyte count were measured using an auto-
matic biochemistry analyzer (Hitachi, Tokyo, Japan).
Routine blood tests were performed on a blood cell
analyzer BC-2800 (Mairui, Shenzhen, China). Saliva
samples were collected from all the subjects under
12 h of fasting and without tooth brushing, food
intake, or smoking. All samples were immediately
frozen on dry ice upon collection and stored at −80°
C until further analysis. Life style and diabetes history
of the subjects were collected using a questionnaire.

DNA extraction and 16S rRNA gene sequencing

Total microbial DNA was extracted from the saliva
samples using the Fast DNA SPIN extraction kits
(MP Biomedicals, Santa Ana, CA), according to the
manufacturer’s instructions. Quantity and quality of

the extracted DNA were determined using
a NanoDrop ND-1000 spectrophotometer (Thermo
Fisher Scientific, Waltham, MA) and agarose gel elec-
trophoresis. A sequencing library of the 16S rRNA
gene V3-V4 region was constructed using the follow-
ing primers: primer 338F: 5ʹ-ACTCCTACGGGAG
GCAGCA-3ʹ and 806R: 5ʹ-GGACTACHVGGGTWT
CTAAT-3ʹ. Sequencing was done by using an
Illumina MiSeq platform at Shanghai Personal
Biotechnology Co., Ltd (Shanghai, China).

Analysis of oral microbiota data

The raw reads after sequencing were filtered to obtain
high-quality reads. The data were analyzed using the
QIIME (V1.8.0) pipeline {Caporaso, 2010 #644}[11].
The high-quality sequences were clustered into opera-
tional taxonomic units (OTUs) at 97% identity using
UCLUST. OTU taxonomy was identified by BLAST
based on the Greengenes Database. Partial least squares
discriminant analysis (PLS-DA) was used as a model to
illustrate the oral microbiota variation among the three
groups in R package (V3.2.0). Differences based on Bray-
Curtis distance of the whole microbiome structure
among groups were calculated using a multivariate ana-
lysis of variance (MANOVA). Linear discriminant ana-
lysis effect size (LEfSe) was introduced to detect
differential abundant genera among groups using non-
parametric factorial Kruskal-Wallis (KW) sum-rank test
to detect features with significant differential abundance
and Linear Discriminant Analysis (LDA) to estimate the
effect size of each differentially abundant feature [12].
The differential features with a LDA score higher than 2
were considered significant between groups.

Statistical analyses

Statistical analysis was carried out using Prism
(GraphPad, CA). Student t-test or Mann–Whitney
test was used for detecting variation of clinical

Figure 1. Flow diagram for the study design and subject recruitment.
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parameters among groups, depending on the data
distribution. Chi-square test was applied to examine
sex ratio, smoking, and drinking among groups.
*P < 0.05, **P < 0.01.

Results

Hyperglycemia is associated with whole-body
metabolic deterioration

According to their FG level, 150 subjects were divided
into three groups: Normal group (<6.1 mmol/L);
High group (6.1 ~ 7mmol/L), and Very high group
(>7 mmol/L). As shown in Table 1, no difference in

age, sex, smoking, and drinking status was found
among the three groups.

Both the H group and VH group showed signifi-
cant higher body weight compared to the N group.
The H group also showed significantly higher BMI
compared to the N group. Through comparison of
the clinical parameters, we found that the VH group
had a significantly increased level of triglyceride but
a decreased level of HDL, a significantly increased
level of ALT of white blood cells and monocyte
count, compared to the N group but not the
H group (Figure 2). Collectively, the data validated
that older adults with clinical diabetes have abnormal
lipid metabolism, liver function, and inflammation

Table 1. Basic characteristics of the study population.
N group H group VH group P value

Number of subjects 76 23 51

Age (years, mean ± SEM) 72.3 ± 0.65 72.07 ± 2.24 72.24 ± 0.75 0.56a

Sex, F/M (%) 49/27(64.5/35.5) 14/9(60.9/39.1) 29/22(56.9/43.1) 0.69b

Smoking status 0.50b

Never smoked (%) 82.9 73.9 74.5
Former smoker (%) 7.9 4.3 9.8
Current smoker (%) 9.2 21.7 15.7
Drinking status 0.47b

No drinking (%) 86.8 73.9 88.2
Moderate drinker (%) 6.6 8.7 3.9
Heavy drinker (%) 6.6 17.4 7.8

N means normal group; H means high group; VH denotes very high group; SEM, Standard Error of Mean.
aFrom Student t-test.
bFrom Chi-square test.

Figure 2. Clinical parameters among three groups. (a) Anthropometric markers. (b) Fasting blood glucose. (c) Plasma lipid home-
ostasis. (d) Hepatic function markers. (e) Inflammation-related markers. Boxes show the medians and the interquartile ranges, and
outliers are shown as individual points. Mann-Whitney test was used to analyze the difference among the N, H, and VH groups.
*P < 0.05, **P < 0.01. N group, n = 76; H group, n = 23; VH group, n = 51. BMI, body mass index; HDL, high-density lipoprotein; LDL,
low-density lipoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; WBC, White blood cell count.
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status. These clinical parameters indicated an overall
deterioration of metabolic health in the VH group.

The whole structure of the oral microbiome of the
VH group showed a trend to deviate from the
other two groups

The oral microbiome was profiled by sequencing of the
bacterial 16S rRNA gene V3-V4 region. For each sample
38,706 ± 4,321 (mean ± SD) high quality reads were
obtained. OTUs (7,263) were obtained at 97% identity.
A total of 13 phyla, 22 classes, 37 orders, 82 families, and
152 genera were detected through taxonomic assign-
ments based on the Greengenes Database. The oral
microbiota was characterized by relative taxonomic
abundance. At the phylum level, the three groups
were similar in composition, predominantly
composed of Firmicutes, Proteobacteria, Bacteroidetes,
Actinobacteria, and Fusobacteria (Figure 3(a)).
Streptococcus, Neisseria, Prevotella, Rothia, Veillonella,
Fusobacterium, Porphyromonas, Haemophilus,
Leptotrichia, and Phascolarctobacterium were the 10
most abundant genera (Figure 3(b)). Among the abun-
dant genera, the relative abundance of Streptococcus

showed a trend to be higher in the VH group compared
to the N group (Mann Whitney test, P value = 0.085),
while the relative abundance of Leptotrichia in the VH
group was significantly higher when compared to the
H group (MannWhitney test, P value = 0.014), and also
showed a trend to be higher when compared to the
N group (Mann Whitney test, P value = 0.085). We
then used PLS-DA to profile the overall structure of the
oral microbiome. The results revealed that the overall
structure of the oral microbiome of the N and H group
overlapped, while the VH group deviated from the
other two groups (Figure 4(c)). MANOVA analysis
confirmed that the N and V group were separated
from the VH group (Figure 4(b)), but there was no
statistical significance.

Identification of hyperglycemia-associated oral
bacterial genera by LEfSe

LEfSe was applied to identify differential bacterial gen-
era among the groups. The cladogram represented the
significantly different taxa among the three groups
with a hierarchy reflecting the taxonomic rank from
phylum to genus (Figure 5(a)). The LDA effect size in

Figure 3. Composition of the oral microbial community at phylum (a) and genus (b) levels. Relative abundance is shown as the
percentage of the total sequences. Phylum or genera with a relative abundance less than 1% are merged.

Figure 4. The overall structural profile of the oral microbiota among three groups. (a) PLS-DA of the oral microbiota based on
genera. (b) Clustering of the microbiota based on Bray-Curtis distance calculated by MANOVA test.
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Figure 5(b) represented the contribution in group dis-
crimination. All the significantly enriched taxa (LDA
score ≥2) were from the VH group, which is consistent
with the whole oral microbiota structure as shown in
Figure 3(a). Two orders, Erysipelotrichales and
Bacillales and one class, Erysipelotrichi were signifi-
cantly enriched in the VH group. Three families,
including Leptotrichiaceae, Erysipelotrichaceae, and
Staphylococcaceae were significantly enriched in the
VH group. Four genera, including Leptotrichia,
Bulleidia, Staphylococcus, and Catonella were signifi-
cantly enriched in the VH group. These bacteria could
be considered as potential hyperglycemia-associated
taxa and may play an important role in the early
diagnosis and adjuvant treatment of T2D.

Discussion

T2D is a multi-system disease featured by insulin
resistance and hyperglycemia that could result in
severe complications without control [2].The typical
characters in the progression of hyperglycemia is
crucial in the disease diagnosis and treatment [13].
In our study, we aimed at investigating the relation-
ship between FPG levels and the oral microbiome,
exploring specific oral microbial signatures in the
progression of hyperglycemia.

Firstly, our results revealed deterioration of the
metabolic phenotype along with increase in the FG
level in the Chinese elderly cohort. Individuals with
a FG level higher than ≥7 mmol/L (VH group), which
could be diagnosed as T2D patients [14], showed
overt disease phenotypes with abnormal lipid meta-
bolism, liver function, and inflammation compared to
their healthy controls. This finding is consistent with
previous studies that the higher level of FG deterio-
rated healthy status [15,16].

Since T2D has been associated with increased
severity of periodontal disease [10,17], it is quite

natural to connect the pathogenesis of hyperglycemia
with oral health. Several studies have linked dysbiosis
of the oral microbiota with T2D. A structural shift in
the oral microbiota has been reported in T2D
patients when compared to healthy controls [7,8].
Then, it becomes an interesting question whether
there will be oral microbial signatures along with
the different levels of FG and when will these signa-
tures appear? In this study, we revealed the oral
microbial signature and key bacteria taxon level
along with the increasing level of FG. The typical
oral microbial features will appear along with the
appearance of eminent metabolic differences induced
by severe hyperglycemia. Our results suggest that the
dysbiosis of the oral microbiota can be a possible
indicator for the severity of hyperglycemia.

Several features of the oral microbiota have been
reported to be related with T2D. Although using a small
cohort of morbid obese patients, it has been reported that
obese individuals with T2D showed lower levels of
Bifidobacteria [7]. Another study revealed that the phy-
lum Actinobacteria and genera such as Actinomyces and
Atopobium, which belong to the phylum Actinobacteria,
were significantly less abundant in patients with T2D
compared to healthy controls [8]. However, in our
study we reported an increase of several hyperglycemia-
associated bacterial genera such as Leptotrichia,
Staphylococcus, Catonella, and Bulleidia in the VH
group. Leptotrichia has been previously linked with per-
iodontal diseases [18]. Staphylococcus is a more common
pathogenic genuswhich could induce cross-infection and
dissemination from the oral cavity to other body sites
[19,20]. Several species from the genus Catonella have
been considered as candidate periodontal pathogens [21].
Bulleidia has also been reported to be enriched in chil-
dren with dental caries [22]. It is now well accepted that
the gut microbiota may induce systemic inflammation,
which could result in the insulin resistance and T2D
[23,24]. Although the amount of bacteria in the mouth

Figure 5. Key bacterial genera present in the three groups as identified by LefSe. (a) Cladogram of key bacterial taxa where each
layer represents different taxanomy. (b) Key taxa ranked by LDA score. LDA score ≥ 2.0 were identified as key bacteria. Red color
represents significantly abundant taxa in the VH group when compared to the N and H group.

JOURNAL OF ORAL MICROBIOLOGY 5



is much less than in the gut, oral bacteria can migrate to
other body sites, causing inflammation both locally and
systemically [9,25]. The enrichment of these opportunis-
tic pathogens in the elderly patients with diabetes may
contribute to inflammation and insulin resistance. So, the
oral dysbacteriosis may not only represent a typical fea-
ture of hyperglycemia, but might also contribute to the
disease progression.

In summary, our result reported the structural shift of
the oral microbiome along with the progression of
hyperglycemia in a Chinese elderly cohort and revealed
potential pathogens which may contribute to the aggra-
vation of hyperglycemia. The hyperglycemia-associated
oral bacterial genera might be useful for disease diagno-
sis, risk assessment and comprehensive treatment. Our
study suggested a potential role of the oral microbiota in
glycemic control that needs further investigation.
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