
Correspondence
Alteration of gut microbiota in type
 2 diabetes complicated with
cholelithiasis patients
Jiajia Chen1, Linlin Yan1, Xingfan Ma1, Ping Yuan1, Fan Zhao1, Zihan Han1, Jingshan Liu1, Wenbo Wang1, Donghai Zhou1,
Hongyu Zhao1, Nan Feng1, Dandan Huang1, Shoukui Hu1, Jin Gu1,2

1Peking University Shougang Hospital, Beijing 100144, China;
2Key Laboratory of Carcinogenesis and Translational Research, Ministry of Education, Department of Gastrointestinal Surgery III, Peking University Cancer Hospital & Institute,
Beijing 100142, China.
To the Editor:Type 2 diabetes (T2D) and cholelithiasis are tested using these blood samples. Genomic DNA was
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both common diseases with a high prevalence. In China,
the prevalence of T2D is 0.9%[1] and that of adult
cholelithiasis is 6.83%.[2] Obesity, insulin resistance, and
abnormal metabolism are risk factors for T2D; epidemio-
logic studies have suggested that they are also risk factors
of cholelithiasis.[3,4] Several studies indicated that patients
with diabetes are at an increased risk of developing
cholelithiasis.[5] In recent years, increasing evidence has
demonstrated an imbalance in the gut microbiota in both
diabetes and cholelithiasis. In patients with T2D, the
genera Bifidobacterium, Bacteroides, and Roseburia are
decreased, whereas Ruminococcus, Fusobacterium, and
Blautia are significantly increased. In patients with
gallstone, intestinal bacteria (Bacteroides, Eubacterium,
and Escherichia coli) involved in the oxidation and
epimerization of bile acids can disrupt enterohepatic
circulation and lead to cholelithiasis.[6,7]

Although the composition of the gut microbiota in
patients with diabetes or cholelithiasis has been studied,
the underlying role of the gut microbiota in the
development from diabetes to cholelithiasis remains
unclear. To this end, 16S ribosomal (RNA) gene amplicon
sequencing was carried out to analyze the gut microbial
composition of volunteers (Health group), T2D patients
(Diabetes group), cholelithiasis patients (Stones group)
and T2D complicated with cholelithiasis patients (Dia-
stone group). Clarifying the gut microbial characteristics
among different patient groups may improve the under-
standing of why patients with diabetes are more prone to
developing cholelithiasis.

All patients with cholelithiasis were classified as having
cholesterol gallstones.[8] Blood samples were collected on
the first day of hospitalization, and total bile acids were
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isolated from the feces and used to amplify the gene
sequence in the V4 region of the bacterial 16S rRNA. Raw
reads were obtained and subjected to quality analysis
[Supplementary Figure S1, http://links.lww.com/CM9/
B9]. The data reported in this paper have been deposited
in the Genome Sequence Archive (CRA005196), accessi-
ble at https://ngdc.cncb.ac.cn/gsa.

The intra-community alpha diversity, which represents the
microbial richness, was analyzed. Among the four groups,
the Shannon index of the diastone group was the lowest
and significantly different from the other three groups (vs.
stones group, P= 0.0224, vs. diabetes group, P= 0.0159,
vs. healthy group, P= 0.0091, Wilcoxon rank-sum test)
[Figure 1A]. Other alpha diversity indices were also
analyzed [Supplementary Figure S2A and B, http://links.
lww.com/CM9/B9]. Beta-diversity was evaluated to deter-
mine whether gut microbial community differences were
significant between groups. The unweightedUniFrac-based
beta diversity between the diastone and stone groups,
diastone and healthy groups were significantly different
(P< 0.01), whereas there was no significant difference
between the diastone and diabetes groups (P= 0.3858,
Wilcoxon rank-sum test) [Figure 1B]. The principal
component analysis plot is shown in Supplementary Figure
S2C, http://links.lww.com/CM9/B9. These results suggest
that the diastone group share common gut microbial
characteristics with the diabetes group.

At the phylum level, the relative abundances of Firmicutes,
Bacteroidetes, and Proteobacteria were >96% in all
groups. Firmicuteswasmost common in the healthy group
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Figure 1: Characteristics of gut microbiota among four groups. (A) Intra-community alpha diversity with Shannon indices among four groups. (B) Unweighted unifrac based-beta diversity
among four groups. (C) Weighted unifrac distance based-unweighted pair-group method with arithmetic mean (UPGMA) cluster tree analysis at the phylum level, left: UPGMA clustering
tree structure, right: relative abundance distribution of species. (D) Different structures of gut microbiota among four groups by LEfSe. The abundance is proportional to the diameter of the
circle. Linear discriminant analysis score was 3.5. (E) Typical metabolites in blood samples from different groups. (F) Heatmap of top ten function clusters by KO pathway (Kruskal-Wallis
nonparametric test. The results are shown as the mean± standard error of the mean.

∗
P< 0.05 †P< 0.01). ALT: Alanine transaminase; AST: Aspartate transaminase; KO: Encyclopedia of

Genes and Genomes orthology; LEfSe: Linear discriminant analysis effect size.
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(approximately 57.75%), but decreased to 48.23%,
44.64%, and 44.60% in the diabetes, stone, and diastone
groups, respectively. In contrast, Proteobacteria increased
from 6.91% to 9.12% and 8.53% in the diabetes group
and stones group, respectively, and even up to 15.95% in
the diastone group. In the diastone group, the genus
unidentified Enter-obacteriaceae was strikingly increased
from 1.47% in the healthy group to 3.38%, 4.23%, and
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5.40% in the diabetes, stones, and diastone groups,
respectively [Figure 1C; detailed information in Supple-
mentary Figure S3, http://links.lww.com/CM9/B9]. Linear
discriminant analysis effect size (LEfSe) analysis was
performed to detect biomarkers. Compared with the other
three groups, the family Enterobacteriaceae, order Enter-
obacteriales, class Gammaproteobacteria, and phylum
Proteobacteria in the diastone group were significantly
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increased [Figure S1D, http://links.lww.com/CM9/B9].
Interestingly, the specific bacteria showing significant
differences in the diabetes group were similar to those in
the diastone group [Supplementary Figure S2D, http://
links.lww.com/CM9/B9]. Thus, the tendency of gut
microbiota alterations in patients with T2D and choleli-
thiasis was similar but changes were more severe in
patients with T2D and significantly different from those in
patients with cholelithiasis.

Comparison of various metabolites in the blood samples of
the subjects showed that although the diastone group had
similar blood glucose levels as the diabetes group, they had
higher triglyceride, alanine aminotransferase, aspartate
aminotransferase, and total bile acid levels [Figure 1E;
detailed information in Supplementary Table S1, http://
links.lww.com/CM9/B9]. We performed correlation anal-
ysis of these clinical characteristics and altered gut micro-
biota and found that the phylumTenericuteswas positively
with total bile acid and blood glucose levels. However, the
genus Enterobacteriaceaewas negatively with total choles-
terol levels [Supplementary Table S2, http://links.lww.com/
CM9/B9]. Using the Phylogenetic Investigation of Commu-
nities by Reconstruction of Unobserved States (PICRUSt2)
algorithm for functional analysis, Encyclopedia of Genes
and Genomes orthology analysis showed that the genes
for ribose nucleic acid (RNA) polymerase sigma-70 factor,
ABC transport system permease protein, and transport
system adenosine triphosphate (ATP)-binding protein were
remarkably decreased in the diastone group compared to
the other three groups [Figure 1F].

In our study, patients with T2D and cholelithiasis had a
unique microbial community structure that was highly
similar to that in patients with T2D. The genus unidentified
Enterobacteriaceae and phylum Proteobacteria, which
were remarkably increased in the diastone group, form a
typical cluster of gram-negative facultative anaerobic
bacteria and bacterial family enriched in human opportu-
nistic pathogens. Garrett et al[9] reported that Enter-
obacteriaceae species act in concert with the gutmicrobiota
to induce colitis. Chen et al[10] also showed that the family
Enterobacteriaceae was significantly increased in patients
with T2D, which is consistent with our results.

Abnormal metabolism of bile acids is one of the main
pathogeneses of cholesterol gallstones,[11] which are
mainly adjusted by hepatocytes and the gut microbiota.
Host hepatocytes synthesize primary bile acids from
cholesterol, after which primary bile acids enter the
gastrointestinal tract where they are chemically modified
into secondary bile acids. We found that the diastone
group had a higher total bile acid level and similar
cholesterol level as the stone group. Kakiyama et al[12]

reported that higher primary bile acid levels (chenodeox-
ycholic) were positively correlated with the abundance of
Enterobacteriaceae in patients with advanced cirrhosis.
These enriched bacterial species in patients with T2D and
cholelithiasis may increase the total bile acid levels of the
host, leading to gallstone formation.

Thus, maintaining the homeostasis of the gut microbiota
and reducing the abundance of Proteobacteria in patients
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with T2D may help prevent the occurrence of gallstones.
However, this study had some limitations. First, 16S rRNA
gene amplicon sequencing reveals the composition of
microbial community species and cannot directly analyze
biological functions related to the species classification.
Additionally, we did not perform metabolome analysis to
combine different species and metabolic pathways. Further
detailed research is required to investigate the mechanism
of the enriched bacteria in cholelithiasis.
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