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Abstract. Increasing evidence indicates that the gut micro-
biota contributes to the development and progression of type 2
diabetes mellitus (T2DM). However, little is known about the
effects of different hemoglobin Alc (glycated hemoglobin;
HbAc) levels on the gut microbiota. In the present study, the
changes in microbial composition associated with different
HbA Ic levels in patients with T2DM were investigated. For this
purpose, 30 patients with T2DM were randomly divided into
three groups according to the HbAlc levels: Group A (HbAlc
levels, =53 but <75 mmol/mol), group B (HbAIc levels, =75 but
<97 mmol/mol) and group C HbAlc levels, >97.0 mmol/mol).
16S-rDNA sequencing was performed to analyze the effects
of different HbAlc levels on the gut microbiota. The results
revealed that the microbial richness and inner diversity of the
gut microbiome was slightly increased as the HbAlc levels
increased. The Firmicutes/Bacteroidetes ratio was reduced
with the increase in blood glucose levels. Collectively, the
findings of the present study demonstrated that there was a
certain association between the gut microbiome and HbAlc
levels in patients with T2DM, indicating that modulating the
microbial composition may be a potential strategy for impro-
ving glucose homeostasis.

Introduction

In recent years, the worldwide prevalence of type 2 diabetes
mellitus (T2DM) and its complications are increasing at an
alarming rate. T2DM is a serious metabolic disorder char-
acterized by an increase in the blood glucose level caused
by a deficiency in insulin secretion or insulin resistance, or
both. The etiopathogenesis of T2DM is complex and is not
yet fully understood. In addition to being governed by genetic
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and environmental factors, it has been demonstrated that the
gut microbiota plays a crucial role in the development and
progression of T2DM (1). The association between T2DM and
the gut microbiota has emerged as a novel topic of clinical
concern and research.

The gut microbiota is an integral component of the human
body, providing important functions to the metabolic health of
the host (2). The gut microbiome is an ecological community,
that is, trillions of different species of microorganisms reside
in the gastrointestinal tract (3). The microbial composition
may vary depending on the anatomy, abiotic environment
and diverse functions of different parts of the intestine. The
composition of the gut microbiota is characterized by a signifi-
cant interpersonal variability, attributing to the differences in
ethnicity, genetics, age, sex, geographical area, diet, lifestyle
and health status (4). This suggests that each individual has a
unique gut microbiota pattern. As regards human health, the
gut microbiota plays an important role in the maintenance
of the physiological state and the regulation of fundamental
metabolism. Quantitative and qualitative alterations of the
gut microbiota result in dysbiosis, an imbalance in microbial
homeostasis, leading to the development of a number of chronic
diseases, such as T2DM (5), obesity (6) and cardiovascular
diseases (7). There is emerging evidence to suggest that the
dysbiosis of the intestinal microbiota plays a significant role
in the improvement of glucose metabolism (8,9). Furthermore,
a number of glucose-lowering drugs have been reported to
alter the gut bacterial community, such as metformin (10),
acarbose (11), glucagon-like peptide 1 (GLP-1) agonists (12)
and dipeptidyl peptidase-4 inhibitors (DPP-4i) (13). However,
the association between the composition modulation of the gut
microbiota and the diverse degrees of blood glucose control
remains to be elucidated.

In the present study, the changes in the microbial compo-
sition of patients with T2DM were investigated in order to
explore the differences in the microbial community associated
with degrees of blood glucose control.

Patients and methods

Study design. A total of 30 patients diagnosed with T2DM at the
Second Hospital of Hebei Medical University (Shijiazhuang,
China) from June, 2020 to September, 2020 were recruited
in the present study. The inclusion criteria for the patients
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were as follows: i) An age between 18 and 70 years; ii) newly
or previously diagnosed T2DM, based on the World Health
Organization 1998 diagnostic criteria (14); iii) all patients
received metformin, glycosidase inhibitors or a combination of
both; iv) hemoglobin Alc (glycated hemoglobin; HbAlc) levels
>53 mmol/mol; and v) the absence of other metabolic diseases.
The exclusion criteria were as follows: i) Females who were
pregnant; ii) patients with type 1 diabetes mellitus (T1DM) or
diabetes with identified secondary causes; iii) the presence of
gastrointestinal disorders; iv) any use of antibiotics, prebiotic
agents, probiotics or fiber supplements that could modify the
microbiota during the 3 months prior to enrollment; v) patients
who received treatment with gastrointestinal or biliary surgery;
vi) the presence of severe hepatic and renal dysfunction,
malnutrition, malignant tumor; vii) patients diagnosed with
hypertension, coronary heart disease, cerebral infarction or
other chronic diseases; and viii) the presence of acute inflam-
matory or any infectious disease. A total of 17 males (56.67%)
and 13 females (43.33%) provided written informed consent.
The study conformed to the principles of the Declaration
of Helsinki and was approved by the Ethics Committee of
the Second Hospital of Hebei Medical University in China
(Approval no. 2020-R467). Early-morning fecal samples were
collected from the enrolled participants in sterile cups and
frozen immediately at -80°C for fecal microbial quantifica-
tion. Peripheral blood samples were obtained following 8 h of
overnight fasting and analyzed immediately.

Biochemical analysis and anthropometrics. Demographic
information and anthropometric measurements were
collected, including age, sex, body weight, height, body mass
index (BMI), diabetes duration and medical and medication
history. Body weight was measured with an accuracy of 0.1 kg
in light indoor clothes and height was measured with a preci-
sion of 0.5 cm without shoes using an automatic scale. The
BMI was calculated as the body weight in kilograms divided
by the square of height in meters (kg/m?).

HbAlc levels measured using a high-performance liquid
chromatography (Tosoh Bioscience). Serum fasting blood
glucose (FBQG), triglyceride (TG), total cholesterol (TC),
high-density lipoprotein cholesterol (HDL) and low-density
lipoprotein cholesterol (LDL) levels were measured using
Roche kits (FBG, 05168791190; TG, 05171407190; TC,
05168538190; HDL, 07528582190; LDL, 07005768190;
Roche Diagnostics GmbH), with an auto-analyzer instrument
(Hitachi, Ltd.). Liver function was evaluated based on the aspar-
tate transaminase (AST), alanine aminotransferase (ALT)
levels and total serum bile acid (TBA). Renal function was
determined based on the urea nitrogen (BUN), creatinine and
uric acid (UA) levels in serum. Liver and renal functions were
measured using an automatic biochemical analyzer (AU480;
Beckman Coulter, Inc.). The urinary albumin-to-creatinine
ratio (UACR) was expressed as mg/mol of creatinine.

DNA extraction and 16S rRNA gene amplicon sequencing.
Fecal genomic DNA was extracted from 200 mg of each
frozen fecal sample using the TIANamp Stool DNA kit
(cat. no. DP328-02; Tiangen Biotech Co., Ltd.) according to
the manufacturer's protocol. The extracted DNA concentra-
tion and purification were determined using a Nanodrop

spectrophotometer (Thermo Fisher Scientific, Inc.), and the
DNA quality was examined by 1% agarose gel electropho-
resis. The DNA samples of the V4 region of the bacterial
16S-rDNA gene were amplified by PCR using the following
primers: 341F, 5'-ACTCCTACGGGRSGCAGCAG-3'; and
806R, 5'-GGACTACVV GGGTATCTAATC-3". PCR (F547S;
Thermo Fisher Scientific, Inc.) was performed as follows: An
initial DNA denaturation step at 95°C for 1 min, followed
by 25 cycles of 30 sec at 95°C, primer annealing at 55°C for
30 sec, extension at 72°C for 40 sec, and a final extension step
at 72°C for 2 min. Following amplification, all PCR products
were purified using the TIANgel Midi Purification lit (cat.
no. DP209-03; Tiangen Biotech Co., Ltd.). The concentra-
tion of purified DNA was quantified using Qubit DNA (cat.
no. 12640ES76; Shanghai Yisheng Biotechnology Co., Ltd.).
The range of the loading concentration of the final library
was 7.62-17.58 ng/ul. Purified and pooled amplicons were
sequenced using an Illumina Novaseq6000 (PE250) according
to the manufacturer's instructions. Raw sequence reads were
demultiplexed and low-quality reads (average quality score
<20 or read length <200 bp) were filtered. Representative
sequences were further analyzed using the Quantitative
Insights into Microbial Ecology (QIIME version 2) software
package. The quality filtered sequences were clustered into
operational taxonomic units (OTUs) with a 97% sequence
similarity using the Greengenes database (http://greengenes.
Ibl.gov).

Statistical analyses. Data analyses were performed using IBM
SPSS 21.0 software (IBM Corporation). All data are presented
as the median (min-max) or mean =+ standard deviation (SD).
All data were tested for normality and variance homogeneity.
Statistical significance was carried out using one-way analysis
of variance (ANOVA) followed by Tukey's post hoc test for
data such as age, BMI, HbAlc,FBG, TC, TG,HDL,LDL, ALT,
AST, BUN, creatinine, UA and TBA levels. Non-parametric
analyses were performed using the Kruskal-Wallis test for
data such as UACR levels and diabetes duration. The alpha
diversity of microbial composition was calculated using the
Chaol diversity index, Shannon diversity index and Simpson
diversity index. The Kruskal-Wallis test was used to identify
significant differences between alpha diversity in each group,
and the Mann Whitney U test with the Bonferroni correction
method were used as post hoc tests. The beta diversity was
calculated using unweighted UniFrac-based principal compo-
nent analysis (PCA). The linear discriminant analysis effect
size (LEfSe) analysis was used to detect differential abun-
dance among different groups. A default cut-off value of linear
discriminant analysis (LDA) >4.0 and P<0.05 were considered
to indicate statistically significant differences.

Results

Anthropometric and biochemical parameters of the study
participants. In the present study, 30 screened volunteers were
eligible for enrollment as per the inclusion/exclusion criteria
mentioned above. Based on the HbAlc values, all enrolled
participants were assigned to three groups (n=10 per group)
as follows: Group A (HbAlc levels, =53 but <75 mmol/mol),
group B (HbAlc levels, =75 but <97 mmol/mol) and group C
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Table I. Clinical characteristics and biochemical variables of the study participants.

Group A (n=10) Group B (n=10) Group C (n=10) P-value

Sex (female/male) 4/6 6/4 3/7 -

Age, years (range) 51 (40-68) 54 (37-68) 38 (29-59) 0.126
BMI, kg/m? (range) 25.00 (20.40-34.68) 26.83 (22.77-33.10) 26.42 (21.11-30.45) 0.770
Diabetes duration, months (range) 96 (4.00-240.00) 36 (2.00-240.00) 47.50 (4.00-216.00) 0476
HbA1c (mmol/mol) 56.00+2.83 81.40+3.03* 99.80+2.15° 0.001
FBG (mmol/l) 6.71+2.46 8.07+£2.20 10.76x2 410 0.003
TC (mmol/l) 4.42+1.00 4.37+1.16 5.33x1.43 0.167
TG (mmol/l) 2.25+1.92 2.06+1.30 2.84+1.71 0.549
HDL (mmol/I) 1.14+0.32 1.00+0.17 0.94+0.16 0.147
LDL (mmol/1) 2.81+0.70 3.02+1.18 3.62+0.97 0.184
ALT (U/1) 22.01+8.11 20.87+10.17 32.29+25.66 0.264
AST (U/) 17.69+5.52 21.15+11.37 26.90+20.40 0.366
BUN (mmol/l) 5.59+1.52 5.40+1.04 5.14+1.10 0.727
Creatinine (zmol/l) 70.22+14.62 66.60+13.19 63.20+11.26 0.512
UA (zmol/l) 345.89+85.43 299.60+92 .40 313.50+82.09 0.505
UACR (mg/mol) 5.63+£10.57 4.97+5.36 1.71+1.02 0.241
TBA (xmol/l) 3.39+1.34 2.25+1.40 5.57+4.10° 0.036
Family history of T2DM (%) 50 50 60 -

Macrovascular complication (%) 60 50 30 -

Peripheral neuropathy (%) 100 100 100 -

Diabetic retinopathy (%) 60 30 20 -

Diabetic nephropathy (%) 20 40 10 -

Data are presented as the median (min-max) or the mean = SD. *P<0.05 vs. group A; and "P<0.05 vs. group B. BMI, body mass index;
FBG, fasting blood glucose; TC, total cholesterol; TG, triglycerides; HDL, high density lipoprotein cholesterol; LDL, low density lipoprotein
cholesterol; AST, aspartate transaminase; ALT, alanine aminotransferase; BUN, urea nitrogen; UA, uric acid; UACR, urinary albumin-to-cre-
atinine ratio; TBA, total serum bile acid. Diabetic nephropathy includes microalbuminuria and macroalbuminuria.

HbAIc levels, >97 mmol/mol). There were significant differ-
ences in the HbAIc levels among the three groups (Table I).
The HbAlc level in group A was 56.00+2.83 mmol/mol, that
in group B was 81.40+3.03 mmol/mol, and that in group C was
99.80+2.15 mmol/mol. At the beginning of the experiment,
the mean FBG level in group C (10.76+£2.41 mmol/l) was
significantly higher than that in group A (6.71+2.46 mmol/l)
or group B (8.07+£2.20 mmol/l). No significant differences
were observed as regards age, sex, BMI and diabetes dura-
tion at baseline among the three groups. The TBA level in
group C (5.57+4.10 ymol/l) was significantly higher than
that in group B (2.25+1.40 ymol/l). However, no statistically
significant differences were observed in TBA levels between
group A (3.39+1.34 ymol/l) and group C. In addition, no statis-
tically differences were observed in biochemical indicators,
such as TC, TG, HDL, LDL, AST, ALT, BUN, creatinine, UA
and UACR levels. The clinical characteristics and biochemical
variables of the patients in the three groups are presented
in Table I.

Association of alpha and beta diversity with HbAlc level.
After filtering to obtain the high-quality clean reads, the
number of effective sequencing lengths obtained in each group
are presented in Table II. The effective sequence length distri-
bution is illustrated in Fig. 1A. All sequences were divided

into 19,501 OTUs according to 97% similarity, and the Venn
diagrams that visually represented the total and unique condi-
tions of the OTU numbers of the three groups were formed.
The OTU numbers of groups A, B and C were 2,754, 3,242
and 3,501, respectively. A total of 3,664 OTUs were simultane-
ously shared by the three groups (Fig. 1B).

The alpha diversity was quantified using the Chaol diver-
sity index, Shannon diversity index and Simpson diversity
index, which relates both OUT richness and evenness. As
shown in Fig. 2A, three outliers in group B were excluded. As
shown in Fig. 2C, one outlier was excluded. When comparing
the alpha diversity measurements among three groups, the
microbial richness and inner diversity of the gut microbiome
was slightly increased as the HbA Ic levels increased, although
this did not reach statistical significance (Fig. 2A-C).

To visualize the group differences in bacterial community
composition, the beta diversity of the microbial composi-
tion was compared. The beta diversity was calculated using
unweighted UniFrac-based principal component anal-
ysis (PCA). PCA described the principal components (PCs)
scores of microbial composition among the three groups.
The first principal component (PC1) accounted for 36.3% of
the total variance. The second principal component (PC2)
accounted for 13.2% of the total variance. The data related
to the three groups were clustered together with different
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Figure 1. Comparison of gut microbiota composition among the patients in groups A, B and C. (A) Sequence length distribution map. (B) Venn diagram
showing the overlap of operational taxonomic units in the three groups. The patients were divided into the three groups according to the HbAlc levels as
follows: Group A (HbAlc levels, =53 but <75 mmol/mol), group B (HbAlc levels, =75 but <97 mmol/mol) and group C HbAIc levels, >97 mmol/mol).

HbA Ic, hemoglobin Alc (glycated hemoglobin).

Table II. Effective sequencing lengths in each group.

Average  GC Effective
Sample PE_reads Nochimera length (nt) (%) (%)

Al 65477 46,632 42344 5153 7121
A2 65,239 44,066 419.16 5282 6754
A3 74,503 35485 4155 53.86 47.62
A4 65,183 49,340 42139 5278 75.69
A5 44,764 25,961 41326 5151 5799
A6 49,716 34425 41949 5201 6924
A7 59,801 37,342 41988 513 62.44
A8 57,893 30,095 41989 5258 5198
A9 42,535 27,077 41749 5394  63.65
Al0 72,706 53,832 42464 5297 74.04
Bl 67 444 38,560 41938 5504 5717
B2 69,920 42,089 41455 5353  60.19
B3 57,192 36,327 42108 5109 6351
B4 77,800 43,557 41484 5337 5598
B5 85,978 62,974 41984 4829 7324
B6 80,113 42,390 41132 509 5291
B7 81,950 47,100 41836 5272 5747
B8 61,658 37,550 410.72 5131 609

B9 57,377 33,727 41447 5246 58.78
B10 72,343 37461 40606 5317 51.78
Cl1 76,800 47,882 41481 49.65 6234
C2 83,864 56,933 42029 50.63 67.88
C3 92,174 54,407 41461 5087 59.02
C4 64,173 31,935 409.78 5241 49.76
C5 78,314 59,582 42638 5423 76.08
Cc6 76,436 43,825 41261 5026 5733
C7 61,214 38,689 42251 49.65 632

C8 115,707 77,103 41743 4887 67.15
C9 78,223 46,980 414.16 4938 60.05
C10 80,347 46,224 421.15 51.84 5753

Nochimera represents the quantity of clean data following quality
control and the removal of chimeras, which can be used for analysis.

magnitudes and directions. The results indicated that varying
degrees of blood glucose control may play an important role in
shaping the bacterial communities (Fig. 2D).

Associations between gut microbiota components in fecal
samples and HbA Ic levels. The microbial community among
the three groups was assessed to evaluate the possible effect
of different HbAlc levels on gut microbial abundances. The
bacterial phyla, Firmicutes, Bacteroidetes and Proteobacteria,
contributed the majority of bacterial microbiota components.
At the phylum (Fig. 3A) and genus (Fig. 3B) level, the rela-
tive abundance of Bacteroidetes was increased, whereas the
relative abundance of Firmicutes was decreased with the
increasing HbAIc levels. The histograms (Fig. 4A) and clado-
grams (Fig. 4B) of LEfSe analysis revealed that the dominant
phyla and class of bacterial communities were distinct
between groups A (red) and C (green) using the logarithmic
LDA value of 4 (Fig. 4). The bacterial taxa enriched in
group A was the phyla Firmicutes. The phyla Proteobacteria
and the class Betaproteobacteria were significantly enriched
in group C.

Discussion

Metagenomic studies have revealed that the most abundant
phyla in the gut microbiota present in both human and mice
are Bacteroidetes and Firmicutes, which account for ~90% of
the total community. In addition, other subdominant phyla,
such as Proteobacteria, Actinobacteria and Verrucomicrobia
are found in low abundance (15,16). In healthy mammals, the
associatoin between the two dominant phyla, expressed as the
Firmicutes/Bacteroidetes ratio, is relatively stable. An increase
or a decrease in the Firmicutes/Bacteroidetes ratio can lead to
the development of metabolic disorders. In particular,a previous
study established that the Firmicutes/Bacteroidetes ratio was
associated with the progression of diabetes mellitus (17). The
major alterations in diabetes include a significantly lower
abundance of Firmicutes and an increased enrichment of
Bacteroidetes, which is consistent with the findings of previous
studies (18-20). Lambeth et al (21) found that the ratios of
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Figure 2. Alpha and beta diversity analysis of gut microbiota composition across three groups. (A) Chaol diversity index. (B) Shannon diversity index.
(C) Simpson diversity index. (D) Unweighted UniFrac-based PCA score plots of metabolic profiling. The patients were divided into the three groups according
to the HbA Ic levels as follows: Group A (HbAlc levels, =53 but <75 mmol/mol), group B (HbAlc levels, =75 but <97 mmol/mol) and group C HbAc levels,
>97 mmol/mol). HbAlc, hemoglobin Alc (glycated hemoglobin); PCA, principal component analysis; PC, principal component.

Bacteroides/Firmicutes were positively associated with blood
glucose levels, demonstrating that changes in the gut micro-
biota were closely related to reductions in glucose tolerance.
The present study focused on the associations of the gut micro-
biota with different HbAlc levels in patients with T2DM. The
16S rRNA V3-V4 region was sequenced and it was identified
that the Firmicutes/Bacteroidetes ratio was negatively associ-
ated with HbAlc levels, which is similar with the findings of a
previous study (22). A recent study on Chinese adult patients
with T1D proved that the Firmicutes/Bacteroidetes ratio was
found to be reduced. Moreover, the Firmicutes/Bacteroidetes
ratio was found to be negatively associated with serum levels
of HbAlc (22).

Several metabolic products of gut microbiota metabolism
are involved in the regulation of glucose metabolism, including
short-chain fatty acids (SCFAs), trimethylamine N-oxide
(TMAO), bile acids and indole propionic acids (23). SCFAs are
produced by the fermentation of dietary fibers in the human
colon, which are one of the major end products of bacterial
fermentation (24). The main SCFAs are acetate, propionate

and butyrate. SCFAs, particularly butyrate, improve insulin
sensitivity and secretion by binding to G-protein coupled
receptors (GPCR), such as GPCR41 and GPCR43, which are
expressed in the human colon and the small intestine (25).
Moreover, these receptors are also expressed in various insulin
sensitive tissues, such as the liver, pancreatic -cells, adipose
tissue and skeletal muscle (26,27). SCFAs have been shown to
stimulate insulin secretion and improve glucose homeostasis
by stimulating GLP-1 and peptide YY (PYY) (28). There is
increasing evidence to suggest that deficiency in SCFA produc-
tion has been associated with the development of T2DM.
Furthermore, Chinese patients with T2DM have been shown to
exhibit a significant decrease in butyrate-producing bacteria,
compared with healthy individuals (20). As previously demon-
strated, when the promotion of SCFA production is targeted
by personalized nutrition, participants were shown to exhibit
an improvement in HbAlc levels (29). In the present study,
group C exhibited a decrease in the Firmicutes/Bacteroidetes
ratio, which partly explained the elevated HbAlc level in this
group as SCFA production may be deficient.
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Figure 3. Relative abundance composition of gut microbiota among the three groups. (A) Relative percentage of most abundant phylum in each sample among
three groups. (B) Relative abundance of bacteria at genus level among three groups. The patients were divided into the three groups according to the HbAlc
levels as follows: Group A (HbAIc levels, =53 but <75 mmol/mol), group B (HbAIc levels, =75 but <97 mmol/mol) and group C HbA Ic levels,>97 mmol/mol).
HbAlc, hemoglobin Alc (glycated hemoglobin).
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Figure 4. LEfSe analyses of the gut microbiota among the three groups. (A) List of taxa that differed between groups A and C, ranked according to the effect
size. (B) Chadogram illustrating taxonomic representation of differences between groups A and C. The patients were divided into the three groups according
to the HbAlc levels as follows: Group A (HbAlc levels, =53 but <75 mmol/mol), group B (HbAIc levels, =75 but <97 mmol/mol) and group C HbAlc levels,
>97 mmol/mol). HbAlc, hemoglobin Alc (glycated hemoglobin); LEfSe, linear discriminant analysis effect size.



Bile acids (BAs) are synthesized from cholesterol in the
hepatocytes as primary BAs and transformed in the intestine
into secondary BAs by the gut microbiota (30). While BAs
have long been regarded solely to facilitate fat digestion and
absorption (31), there is recent compelling evidence to indicate
BAs also play an important role in blood glucose homeo-
stasis (32,33). Some ex vivo and in vitro studies have suggested
that BAs may affect glucose metabolism through interaction
with the nuclear receptor farnesoid X receptor (FXR) (34)
and Takeda G-protein-coupled receptor 5 (TGRS) (35), both
of which are expressed in enteroendocrine L-cells. Published
studies have demonstrated that the activation of FXR and TGRS
by BAs increase GLP-1 secretion to improve hyperglycemia
and insulin sensitivity (36,37). Recently, BA sequestrants have
been shown to improve glycemic control (38) and have been
approved for the treatment of T2DM in the USA (39), even
though the mechanisms of action are not yet fully understood.
There is evidence to suggest that certain glucose-lowering
agents, such as a-glucosidase inhibitor and metformin, substan-
tially affect the gut microbiota and intervene with microbial
BA metabolism (40,41). In the present study, the TBA level
in group C was higher than that in groups A and B; however,
there was no statistically significant difference between
groups C and A. The TBA level was not consistent with the
changes in the HbAlc level, which was perhaps associated
with glucose-lowering agents. The change in BA composition
induced by anti-diabetic medication has also been reported,
which may improve metabolic health (42).

However, there were several limitations to the present
study. Firstly, it should be acknowledged that the sample size
was relatively small and limited. Another limitation is that the
effects of different HbAlc levels on metabolic changes, such
as SCFAs, TMAO and indole propionic acids, were not inves-
tigated in the present study. Therefore, these possible roles and
mechanisms need to be investigated in future studies.

In conclusion, the present study randomly recruited
30 participants in the inpatient ward. After the 30 screened
volunteers were enrolled, all participants were assigned to
each group according to the HbAlc values. In the Department
of Endocrinology of the Second Hospital of Hebei Medical
University, the majority of patients were admitted to the inpa-
tient ward owing to poor glycemic control. The HbAlc values
of all participants were high. Thus, the association between
the composition modulation of the gut microbiota and the
diverse degrees of blood glucose control were examined and
discussed. It was demonstrated that the HbAlc levels modu-
lated the composition of the gut microbiota. As the HbAlc
levels increased, the microbial richness and inner diversity
of the gut microbiome slightly increased. Moreover, the
Firmicutes/Bacteroidetes ratio was reduced with the increase
in blood glucose levels, indicating a potential strategy for
regulating glucose metabolism in the future. However, another
limitation to the present study was that no group with normal
HbA1c levels was included. In future studies, the authors aim
to enroll more participants in the outpatient department and
inpatient ward.
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