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Objective: Previous studies have demonstrated an association between gut microbiota composition and non-brittle type 2 diabetes 
(NBT2DM) pathogenesis. However, little is known about the correlation between the abundance of intestinal Prevotella copri and 
glycemic fluctuations in patients with brittle diabetes mellitus (BDM). In this context, we conducted a case-control study of BDM 
patients and patients with NBT2DM, aiming to determine and analyze the relationship between the abundance of intestinal Prevotella 
copri and glycemic fluctuations in patients with BDM.
Research Design and methods: We performed a metagenomic analysis of the gut microbiome obtained from fecal samples of 10 
BDM patients, and compared their microbial composition and function to NBT2DM patients (1:1 ratio). Then further collected data 
including age, sex, BMI, glycated hemoglobin (HbA1c), blood lipids, and alpha diversity of the gut microbiota, which were 
comparable between the BDM and NBT2DM patients by t-test.
Results: A significant difference existed in the beta diversity of the gut microbiota between the two groups (PCoA, R2 = 0.254, P = 
0.0001). The phylum-level abundance of Bacteroidetes in the gut microbiota of the BDM patients was significantly lower, by 24.9% 
(P = 0.001), than that of the NBT2DM patients. At the gene level, the abundance of Prevotella copri was obviously reduced, 
Correlation analysis showed that the Prevotella copri abundance was inversely correlated to the standard deviation of blood glucose 
(SDBG) (r = −0.477, P = 0.034). Quantitative PCR confirmed that the abundance of Prevotella copri in the BDM patients in the 
validation cohort was significantly lower than that in NBT2DM patients, and was negatively correlated with SDBG (r = −0.318, P = 
0.043). Glycemic variability in BDM was inversely correlated with the abundance of intestinal Prevotella copri.
Conclusion: The decreased abundance of Prevotella copri in patients with BDM may be associated with glycemic fluctuation.
Keywords: brittle diabetes, glycemic variability, Prevotella copri, type 2 diabetes mellitus, case-control study

Introduction
Brittle diabetes mellitus (BDM), also known as unstable diabetes, was first introduced by Woodyatt in 1934 to describe 
the unexplainable changes in glycemic levels. BDM is characterized by large blood sugar fluctuations, extremely 
unstable conditions, and repeated alternative hypoglycemia and ketosis. BDM is common in patients with type 1 diabetes 
(T1DM) or type 2 diabetes (T2DM) complicated by severe insulin deficiency. The incidence of BDM in adults with 
diabetes is 12/10,000, and the incidence of T1DM is 6–20%.1,2 BDM patients are often hospitalized for diabetic 
ketoacidosis or hypoglycemia, and frequent alternation of chronic hyperglycemia and hypoglycemia leads to 
a significantly elevated risk of chronic cardiovascular and neurological complications, considerably increasing the risk 
of death and disability. The main causes of glycemic fluctuations in patients with BDM are poor islet β-cell function, 
unreasonable diet and exercise, and ineffective drug treatment strategies. In addition, the process of food absorption in 
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the intestine is also an important factor affecting postprandial glucose level changes. The stabilization of glycemic 
fluctuations in BDM patients has always been challenging in clinical practice.

A large number of microorganisms and their communities inhabit the human intestinal tract, reaching 1014, which is 
close to 10 times the number of human somatic cells.3 Intestinal flora plays an irreplaceable role in digestion, absorption, 
nutrient metabolism, and immune defense.

The regulation of the glucose level by intestinal flora may be related to energy imbalance and altered food absorption 
due to intestinal permeability changes caused by inflammation, which is triggered by translocation of lipopolysaccharides 
or bacterial flora into the blood.4,5 Previous studies have demonstrated an association between gut microbiota composi
tion and general type 2 diabetes.6 However, it is still unknown why BMD patients develop severe swings in blood 
glucose and how their gut microbiota differs compared with NBT2DM patients.

A recent report showed that by transplanting the intestinal flora of healthy individuals into BDM patients, the 
glycemic fluctuations in the latter can be significantly improved, but the specific mechanism remains unclear.7 Therefore, 
here, we aimed to elucidate if it was possible to impact glycemic fluctuations in patients with BDM by changing their gut 
microbiota composition. We compared the composition of gut microbiota of patients with BMD and those with non- 
brittle type 2 diabetes (NBT2DM). Using correlation analysis, we screened out the bacteria that may affect glycemic 
fluctuations.

Methods
Study Design and Population
This observational study included patients with BDM and NBT2DM admitted to the Changzhou No.2 People’s Hospital 
between August 2020 and December 2021. All patients were permanent residents of the city. Age, BMI, disease duration, 
HbA1c, and blood lipids level were comparable for the two groups of study subjects.The gut microbiota compositions of 
10 BDM patients and 10 NBT2DM patients were analyzed by deep sequencing to establish the existing differences. 
Then, validation analysis was performed in 41 BDM and 36 NBT2DM patients. Prevotella copri was detected by 
quantitative PCR.

The present study was conducted in compliance with the Declaration of Helsinki and was approved by Ethics 
Committee of Changzhou No.2 People’s Hospital ([2020] KY131-01). All participants were informed consent to the 
study.

Inclusion Criteria
(1) The patients in the BDM group met the diagnostic criteria for BDM in practical endocrinology:8 1) daily variation of 
fasting blood glucose ≥ 5.55 mmol/L and the change showing a V-curve; 2) daily urine sugar excretion fluctuation of 
more than 30 g; 3) unexpected hypoglycemia; 4) frequent presence of positive urine ketone bodies; 5) intraday blood 
glucose variation range ≥ 11.1 mmol/L; the NBT2DM group patients met the diagnostic criteria of T2DM in Chinese 
Guidelines, SDBG ≤ 3.54 mmol/L;9 (2) Age: 18–75 years; (3) BMI < 24 kg/m2.

Exclusion Criteria
(1) Intestinal organic diseases and a history of abdominal surgery; (2) Pregnant or breastfeeding; (3) Use of bulking 
agents, antidiarrheal drugs, antispasmodics, probiotics, and antibacterial drugs within the past two weeks; (4) Recent use 
of metformin, acarbose, or DPP-4 inhibitor in the past two weeks.

Blood glucose was controlled by using insulin subcutaneous pump in BDM patients and sulfonylurea or glinide oral 
hypoglycemic drugs in NBT2DM patients.

Data Collection and Definition
All subjects fasted for 10 hours overnight, and their heights and weights were measured. Fasting venous blood was 
collected and sent to the central laboratory for analysis of blood glucose, lipids, liver and kidney function, fasting serum 
C-peptide, and glycosylated hemoglobin (HbA1c). Blood glucose index was detected by the glucose oxidase method, and 
blood lipids were determined by an enzymatic method (TOSOH Corp., Kyoto, Japan). Serum C-peptide was measured by 
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chemiluminescence immunoassay and detected by an automatic microparticle chemiluminescence immunoassay analyzer 
(Beckman Coulter, Brea, CA, USA). HbA1c was measured using high liquid chromatography and detected by HLC- 
723G8 automatic HbA1c analyzer (TOSOH Corp., Kyoto, Japan).

Aucc-P
The patients were fasted from 20:00 of the day before the test to 8:00 on the day of the test when fasting blood samples 
were taken. They were asked to eat 100 g of steamed bread made of flour, which was completed within 15 min after the 
first bite was started. Venous blood was drawn at 60 and 120 min afterwards for measurements of the blood glucose and 
C-peptide levels. The following formula was used for the calculations:10 AUCC-P = (C-P0 min + C-P120 min)/2 + C-P60 min.

Standard Deviation of Blood Glucose (SDBG)
All study subjects underwent fingertip blood glucose monitoring for two consecutive days at 7:00 (before and 2 hours 
after each meal, and before bedtime). The daily SDBG was calculated, and the average of the two days’ SDBG was used 
to evaluate the glycemic fluctuation.

Deep Sequencing
Fresh feces were collected under aseptic conditions, and the central parts of the feces (10 ± 5) g were placed in sterile 
cryopreservation tubes and quickly frozen at −80 °C. Next, DNA was extracted from stool samples based on the QIAamp 
DNA Fecal Mini Kit (Waldbronn, Germany). Genomic DNA was then amplified with bacterial 16S rRNA gene. 
Agencourt AMPure XP magnetic beads were utilized for purification and then dissolved in elution buffer to complete 
the library construction. The fragment range of the library was tested using an Agilent 2100 Bioanalyzer (Agilent 
Technologies Deutschland GmbH, Waldbronn, Germany). The qualified libraries were sequenced on the HiSeq platform.

qPCR
The Prevotella copri biomarkers initially identified above were confirmed by qPCR in the samples of a new set of BDM 
and NBT2DM patients. Specific PCR primers were designed, the result of which is listed in Table 1. All qPCR tests were 
carried out twice, and the averaged values of the results were used for further calculation and analysis. Each reaction 
mixture of 20 μL was combined with 0.4 μL of forward primer, 0.4 μL of reverse primer, 10 μL of SYBR Green Mix, 2 
μL of template DNA, and 7.2 μL RNase-free ddH2O. Real-time qPCR was then performed under the cycle as follow: 
initial incubation at 95 °C for 5 min, 40 cycles of denaturation at 95 °C for 10s and annealing/extension at 60 °C for 30s.

Statistical Analysis
Data with normal distribution were described as mean ± SD; an t-test was employed for intergroup comparisons. The 
data that were not normally distributed were expressed as the median and quartiles. The rank-sum test was used to 
measure the differences between the two groups. The results of intestinal flora abundance were converted from log 10 to 
normal distribution before statistical analysis. Statistically difference is judged by P < 0.05. The correlation of variables 
was verified by Pearson’s or Spearman’s analysis. All data analyses were conducted with SPSS version 19 statistical 
analysis software program.

Table 1 The Primers Used for qPCR Analysis of 16S rDNA

Gene Primer Sequence (5’-3’)

Prevotella copri F: CATTAGATACCCTGGTAGTCC
R: CATGCAGCACCTrCACAA

GAPDH F: GGAGCGAGATCCCTCCAAAAT

R: GGCTGTTGTCATACTTCTCATGG

Abbreviations: qPCR, Quantitative polymerase chain reaction; rDNA, Ribosomal 
RNA; GAPDH, Glyceraldehyde-3-phosphate dehydrogenase.
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Results
Demographic Characteristics
No significant differences were established in gender ratio, age, BMI, diabetes duration, HbA1c, and blood lipid levels 
between the BDM and NBT2DM groups. The islet β-cell function of AUCC-P of the BDM group patients was 
significantly lower than that of the NBT2DM group patients; the blood glucose fluctuation levels of SDBG in the 
BDM group patients were significantly higher (Table 2).

Fecal Microbiota
Clustering bacterial communities using principal coordinates analysis (PCoA) revealed that the fecal microbiota of the 
BDM patients differed from that of the NBT2DM patients (analysis of similarities [ANOSIM]: R2 = 0.254, P = 0.0001; 
Figure 1A). Based on the Shannon diversity index (Figure 1B), no difference was found in the alpha diversity between 
the BDM and NBT2DM patients (P = 0.684). The relative abundance of the represented three main phyla (Bacteroidetes, 
Firmicutes, and Proteobacteria) exceeded 90% of all sequences at the phylum level: 90.8% in the BDM patients and 
98.3% in the NBT2DM patients. However, we established 24.9% lower relative abundance of Bacteroidetes in the BDM 
patients than that in the NBT2DM patients (P = 0.001) (Figure 1C). At the genus level, a marked difference was revealed 
in the fecal microbiota between the BDM and NBT2DM patients (Figure 1D). The linear discriminant analysis effect size 
(LEfSe) indicated a clear difference in the fecal microbiota between the BDM and NBT2DM patients, with increased 
levels of Prevotella copri (LDA = 5.15, P = 0.03) in the NBT2DM patients and of Akkermansia (LDA = 4.39, P = 0.01), 
Lactobacillus (LDA = 3.77, P = 0.004), Collinsella (LDA = 3.52, P = 0.04), Streptococcus (LDA = 4.04, P = 0.013), and 
Bifidobacterium (LDA = 3.87, P = 0.008) in the BDM patients (Figure 1E). These findings indicate the presence of 
significant differences in the composition of the gut microbiota between the BDM and the NBT2DM groups. 
Furthermore, the abundance of Prevotella copri in the gut microbiota of the BDM patients was significantly lower, 
whereas the abundance of Akkermansia, Lactobacillus, Collinsella, Streptococcus, and Bifidobacterium was significantly 
higher, than that of the NBT2DM patients.

Correlation Analysis Between Glycemic Fluctuation and Bacterial Relative Abundance
To establish the relationship between the intestinal flora and glycemic fluctuation, we analyzed the correlation between 
the bacterial flora with significant differences in the relative abundance and glycemic fluctuation. As can be seen in 
Figure 2, the abundance of Prevotella copri was significantly negatively correlated with glycemic fluctuation (r = −0.477, 

Table 2 Demographic Characteristics

Variables BDM Group (n = 10) GT2DM Group (n = 10) P

Male/female 9/1 7/3 0.582
Age (year) 42.50 ± 19.58 52.10 ± 10.55 0.194

BMI (kg/m2) 20.59 ± 1.79 22.16 ± 1.78 0.064
Duration of diabetes (months) 66.00 ± 50.60 30.80 ± 50.12 0.243

T1DM/T2DM 8/2 0/10

HbA1c (%) 11.68 ± 2.37 10.34 ± 3.57 0.335
TCH (mmol/L) 4.41 ± 0.66 4.87 ± 0.70 0.149

TG (mmol/L) 0.94 ± 0.45 1.23 ± 0.41 0.15

LDL-C (mmol/L) 2.42 ± 0.55 2.80 ± 0.50 0.117
HDL-C (mmol/L) 1.31 ± 0.41 1.28 ± 0.27 0.835

AUCC-P 0.99 ± 1.17 6.96 ± 3.91 0.001

SDBG (mmol/L) 5.02 ± 0.51 2.31 ± 0.53 <0.001

Abbreviations: BMI, Body mass Index; HbA1c, Hemoglobin A1c; TCH, Total cholesterol; TG, Triglyceride; LDL-C, Low- 
density lipoprotein cholesterol; HDL-C, High-density liptein cholesterol; AUCC-P, Area under the C-peptide curve; SDBG, 
Standard deviation of blood glucose.
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Figure 1 Gut microbiota analysis. (A) Principal coordinates analysis (PCoA) of the BDM group (n = 10) and NBT2DM group (n = 10) subjects based on unweighted UniFrac 
distance measures (Yellow triangles: BDM group; blue circles: NBT2DM group); (B) Shannon index of alpha diversity in the BDM group and NBT2DM group; (C) Taxonomic 
summary of the fecal microbiota at the phylum level and (D) at the genus level; (E) Discriminative taxa at the species level as determined by linear discriminant analysis 
(LDA) effect size.

Figure 2 Correlation between glycemic fluctuation and bacterial relative abundance. (A) Prevotella copri, r = −0.477, P = 0.034; (B) Bifidobacterium, r = −0.389, P = 0.090; (C) 
AKKermansia, r = 0.176, P = 0.458; (D) Collinsella, r = 0.360, P = 0.119; (E) Streptococcus, r = 0.411, P = 0.072; (F) Lactobacillus, r = 0.067, P = 0.780.
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P = 0.034). However, the no significant correlation was found between the abundance of Akkermansia, Lactobacillus, 
Collinsella, Streptococcus, and Bifidobacterium and glycemic fluctuation.

Validation of the Correlation Between Prevotella copri and Glycemic Fluctuation
To further verify the correlation between Prevotella copri and glycemic fluctuation, we selected 41 BDM and 36 
NBT2DM patients for validation. The results showed no significant differences in age, disease course, BMI, blood 
glucose, and blood lipids between the two groups in the validation cohort. The insulin secretion level of the patients in 
the BDM group was significantly lower than that of the NBT2DM patients, and the blood glucose fluctuation level was 
significantly higher than that of the NBT2DM patients (Table 3). qPCR results revealed a significantly lower number of 
Prevotella copri in patients with BDM than in NBT2DM (P < 0.001) (Figure 3A). The abundance of intestinal Prevotella 
copri in the BDM patients was negatively correlated with glycemic fluctuations (r = −0.318, P = 0.043) (Figure 3B).

Table 3 Clinicopathological Parameters of the Subjects in the Validation 
Cohort

Variables BDM Group GT2DM Group P

Number 41 36

Male/female 26/15 19/17 0.365

Age (year) 44.24 ± 14.51 50.81 ± 14.87 0.054
BMI (kg/m2) 21.26 ± 2.05 21.97 ± 1.43 0.081

Duration of diabetes (month) 118.05 ± 99.52 87.78 ± 75.97 0.142

T1DM/T2DM 35/6 0/36
HbA1c (%) 9.12 ± 2.67 9.99 ± 2.58 0.150

TCH (mmol/L) 4.12 ± 0.96 4.50 ± 1.01 0.088
TG (mmol/L) 1.33 ± 0.90 1.68 ± 0.94 0.103

LDL-C (mmol/L) 2.46 ± 0.93 2.81 ± 0.82 0.083

HDL-C (mmol/L) 1.18 ± 0.33 1.06 ± 0.27 0.074
AUCC-P 0.05 (0.02, 0.51) 5.64 (3.34,8.16) <0.001

SDBG 3.48 ± 0.70 2.70 ± 0.53 <0.001

Abbreviations: BMI, Body mass index; HbA1c, Hemoglobin A1c; TCH, Total cholesterol; TG, 
Triglyceride; LDL-C, Low-density lipoprotein cholesterol; HDL-C, High-density liptein cholesterol; 
AUCC-P, Area under the C-peptide curve; SDBG, standard deviation of blood glucose.

Figure 3 (A) Comparison of the content of Prevotella copri in the intestinal flora of the validation cohort. The abundance of Prevotella copri in the intestinal flora of patients 
with BDM was significantly lower than that of patients with NBT2DM, P = 0.002 (**P≤0.01); (B) Validation cohort analysis of the correlation between the intestinal Prevotella 
copri abundance and glycemic fluctuation in patients with BDM, r = −0.318, P = 0.043.
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Discussion
According to the current study, 16sDNA sequencing results show a significant difference in the beta diversity of the gut 
microbiota between BDM and NBT2DM patients. In terms of clinical manifestations, the essential difference between the 
BDM and NBT2DM groups was that the blood glucose fluctuation range of the BDM group was significantly higher than that 
of the NBT2DM group. According to Li Y’s study, by transplanting the intestinal flora of healthy individuals into BDM 
patients, the glycemic fluctuations in the latter can be significantly improved.7 This suggests that the gut microbiota is 
associated with blood glucose fluctuations in BDM patients, with changes in one factor reflecting fluctuations in the other.

Moreover, the proportion of Bacteroidetes in the gut microbiota was reduced in patients with BDM. Previous studies 
also showed that the ratio of Firmicutes/Bacteroidetes was increased, which was related to the disturbance of glucose 
metabolism.11,12

We further analyzed the abundance of this kind of species at the gene level and found that the abundance of 
Prevotella copri in the BDM patients was significantly lower than that in the NBT2DM patients. These findings were 
validated in an independent validation cohort. According to the experimental results, it can be judged that there is a close 
relationship between the abundance of Prevotella and the metabolic level of such patients, and it determines their blood 
glucose metabolism. This result has high reference value and provides support for the determination of relevant treatment 
schemes.

The presence of differences between the content of Prevotella copri in the intestinal flora of patients with T2DM and 
controls has been debatable.13–15 Studies have shown a significantly reduced abundance of Prevotella copri in the 
intestinal flora of patients with T1DM,16,17 which is highly consistent with this paper, since most BDM patients were 
patients with type 1 diabetes in this study, whereas the control group consisted of patients with type 2 diabetes.

We analyzed the correlation between the abundance of Prevotella copri and the level of glycemic fluctuation, and 
found that they were significantly negatively correlated, indicating that the increased abundance of Prevotella copri in the 
gut may reduce blood glucose fluctuations in patients with BDM.

Prevotella copri is an anaerobic bacterium of the genus Bacteroidetes Prevotella group, main fermentation products 
of which are acetic and succinic acids and little isovaleric, lactic acids. Previous studies have found that Prevotella copri 
is also involved in the body’s glucose metabolism. For example, the glucose tolerance of GK rats was improved after the 
intestinal perfusion of Prevotella copri.18 Cindy et al found that the increased abundance of Prevotella copri regulated 
the enteropancreatic axis and blood glucose through its metabolites short-chain fatty acids and the promoted release of 
glucagon-like peptide-1 from L cells.19 Succinate, the major metabolite of Prevotella copri, can improve glucose 
homeostasis through intestinal gluconeogenesis.20

To exclude the effects of drugs on the intestinal flora, insulin was administrated to BDM patients to control blood 
glucose, and sulfonylurea or glinide hypoglycemic drugs were used in NBT2DM patients. In addition, anti-diabetic drugs 
such as metformin, acarbose, and DPP-4 inhibitors were avoided.

This study is not without limitations. First, the sample size in the deep sequencing cohort was small. This can lead to 
detection bias for relatively low abundance flora. The impact of this bias was minimized by including a follow-up 
validation cohort. Second, healthy subjects were not used as control. We enrolled well-matched (by age, disease duration, 
BMI, HbA1c, and blood lipids level) NBT2DM subjects as control. The two groups studied consisted of patients with 
diabetes, the major difference of whom was that BDM patients have significantly higher fluctuation in blood glucose than 
NBT2DM patients. However, to further validate our results, healthy volunteers need to be enrolled as control to find out 
their intestinal Prevotella copri abundance. It should be noted that, this paper only found that Prevotella copri was 
obviously related to the blood glucose fluctuations in BDM patients; however, it could not be determined whether 
Prevotella copri abundance is a cause or a consequence for blood glucose fluctuation. Therefore, it is necessary to clarify 
this question in future.

Conclusion
The findings of the present study suggest the presence of obvious differences in the gut microbiota between patients with 
BDM and those with NBT2DM, and that the decreased abundance of Prevotella copri in patients with BDM may be 
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associated with glycemic fluctuation. Nevertheless, large cohort research is still needed to further confirm above 
conclusion and elucidate the underlying mechanism of action and the significance of the relationships between 
Prevotella copri abundance in BDM patients and their glycemic level dynamics.

Abbreviations
BDM, Brittle diabetes mellitus; NBT2DM, Non-brittle type 2 diabetes; BMI, Body mass index; HbA1c, Glycated 
hemoglobin; TCH, Total cholesterol; TG, Triglyceride; HDL-C, High-density liptein cholesterol; AUCC-P, Area under 
the C-peptide curve; SD, Standard deviation; SDBG, Standard deviation of blood glucose; qPCR, Quantitative poly
merase chain reaction; T1DM, Type 1 diabetes mellitus; T2DM, Type 1 diabetes mellitus; PCoA, Principal coordinates 
analysis; LDA, Linear discriminant analysis.
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