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Microbiota analysis in individuals with type two diabetes
mellitus and end-stage renal disease: A pilot study
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Abstract. Chronic kidney disease (CKD) is a widespread
health concern, which affects ~9.1% of the global population
and 12-15% of individuals in upper-middle income countries.
Notably, ~2% of patients with CKD progress to end-stage renal
disease (ESRD), which leads to a substantial decline in the
quality of life, an increased risk of mortality and significant
financial burden. Patients with ESRD often still suffer from
uremia and uremic syndromes, due to the accumulation of
toxins between dialysis sessions and the inadequate removal of
protein-bound toxins during dialysis. A number of these toxins
are produced by the gut microbiota through the fermentation
of dietary proteins or cholines. Furthermore, the gut microbial
community serves a key role in maintaining metabolic and
immune equilibrium in individuals. The present study aimed
to investigate the gut microbiota patterns in individuals with
type 2 diabetes mellitus (T2DM) and ESRD via quantitative
PCR analysis of the 16S and 18S ribosomal RNA of selected
members of the gut microbiota. Individuals affected by both
T2DM and ESRD displayed distinctive features within their
intestinal microbiota. Specifically, there were increased
levels of Gammaproteobacteria observed in these patients,
and all subjects exhibited a notably increased presence of
Enterobacteriaceae compared with healthy individuals. This
particular microbial community has established connec-
tions with the presence of inflammatory processes in the
colon. Moreover, the elevated levels of Enterobacteriaceae
may serve as an indicator of an imbalance in the intestinal
microbiota, a condition known as dysbiosis. In addition, the
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Betaproteobacteria phylum was significantly more prevalent
in the stool samples of patients with both T2DM and ESRD
when compared with the control group. In conclusion, the
present pilot study focused on gut microbiome alterations in
T2DM and ESRD. Understanding the relationship between
dysbiosis and CKD may identify new areas of research and
therapeutic interventions aimed at modulating the gut micro-
biota to improve the health and outcomes of individuals with
CKD and ESRD.

Introduction

Recent technological advances have resulted in interest in the
relationship between the microorganisms populating the intes-
tines and human health (1). The gut microbiota contains >100
billion microorganisms, pertaining to >100 different species
of bacteria, which have been proven to be involved in physi-
ological and pathophysiological host processes. In humans,
one third of the gut microbiota is common to all people, while
the remaining two thirds are unique to each individual (1).

The intestinal microbiota is comprised of numerous and
varied microorganisms that colonize the human intestinal tract.
These have evolved alongside their human hosts for thousands
of years, creating a complex relationship, with benefits for both
sides (2,3). The estimated number of intestinal microorgan-
isms (>10") is ~10 times greater than the number of human
cells, and the bacterial genome is >100 times larger than the
human one (4). The microbiome has 3.3 million non-redundant
genes, whereas the entire human genome only has 22,000
genes (5). The diversity of the microbiome is much greater
than genomic variation; two individuals are 99.9% identical
in their genomic content, but they can be 80-90% different
regarding their intestinal microbiota (5).

The microbiota offers several advantages to the host
organism, through its physiological actions. Some of these
advantages include improving and maintaining intestinal
integrity, molding the intestinal epithelium, energy production,
protection against pathogens and regulation of host immunity.
When the composition of the microbiota is altered, these
functions are modified or lost, with various pathological impli-
cations; this state of altered microbiota is called dysbiosis (6).
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Research has identified alterations of the gut micro-
biota specific to chronic kidney disease (CKD) and
terminal/end-stage renal disease (ESRD), characterized by
reduced Roseburia, Akkermansia and Allobaculum, and
increased Prevotella (7). Patients with stages 3-4 of CKD
present areduction in stool aerobic microbial species,compared
with clinically healthy individuals. On the other hand, patients
with CKD that have not yet started dialysis treatment have
been reported to exhibit an increase in aerobic microbial
species in their stool samples (8). Furthermore, comparing
patients with ESRD and healthy individuals, significant differ-
ences have been detected in the abundance of 190 microbial
operational taxonomic units (8,9). Some microbial species that
are normally present in the intestine of healthy individuals,
such as Lactobacillus and Prevotellaceae, have been shown
to be reduced in patients with CKD, whereas microorgan-
isms from the Enterobacteriaceae genus and some species of
Enterococcus are more abundant (8,10). In ESRD, increased
aerobic species, such as Enterococcus and Enterobacteriaceae,
have been observed (11). It is also known that gut dysbiosis
contributes to the increase in uremic toxin concentrations in
patients with CKD. This increase, in turn, favors the progres-
sion of CKD (12,13). Patients with ESRD have also been
shown to exhibit reductions in butyrate-producing microbial
species, including Roseburia, Faecalibacterium, Clostridium,
Coprococcus and Prevotella (14). This category of patients
has 19 microbial families that predominate; out of these 19,
12 families contain urease, 5 families contain uricase, and 3
families contain indole and p-cresyl-producing enzymes (15).

Patients on hemodialysis also have alterations in their gut
microbiome. Proteobacteria, especially Gammaproteobacteria;
Actinobacteria; and Firmicutes, especially the Clostridia
phylum, have been reported to be present in increased
abundance, compared with in the microbiota of healthy
individuals (8).

Evidence exists of the association between alterations in intes-
tinal microbiota and diseases such as diabetes, obesity, cancer,
intestinal inflammatory disease, asthma, cardiovascular disease
and renal disease (16-18). In addition, the relationship between
alterations in the microbiota, diabetes mellitus (DM) and obesity
has been studied intensively (19-21). Chronic low-intensity
inflammatory processes have been reported to be the link between
obesity and insulin resistance; however, the causal mechanism
has not yet been identified (22). In addition, inflammation in
adipose tissue can also impact the gut microbiota. Inflammatory
signals may disrupt the delicate balance of the gut microbiome,
influencing the growth and activity of specific bacterial species.
This bidirectional communication between adipose tissue and
the microbiota creates a complex relationship that can have
significant implications for metabolic health.

The microbiota can induce weight gain in patients with
diabetes or prediabetes by reducing leptin sensitivity and
the cerebral expression of obesity-suppressing neuropeptides
pro-glucagon and brain-derived neurotrophic factor (23). In
addition, along with the host genotype, the microbiota modu-
lates insulin secretion and diet-induced phenotypes (24) via
the effect of microbial taxa on host-secreted bile acids.

In type 2 DM (T2DM), butyrate-producing bacteria are
reduced, which affects the intestinal mucosa and increases
gut permeability. This increased gut permeability may explain

the relationship between the microbiome, T2DM and chronic
inflammation (22). Lower levels of butyrate, and other short
chain fatty acids (SCFAs), determine alterations in glucose
metabolism, body weight, energy production and homeostasis,
and in the gut barrier function (25). An altered intestinal micro-
biota is a factor in the rapid progression of insulin resistance in
T2DM. The underlying mechanisms include reshaping of the
intestinal microbiome, and the modification of host metabolic
and signaling pathways (26).

The most commonly used antidiabetic medication world-
wideismetformin. Thisdrugcanaffectthe gut microbiome, with
elevated levels of Escherichia spp., Akkermansia muciniphila
and Subdoligranulum variabile, and lower numbers of
Intestinibacter bartlettii detected in patients treated with
metformin (27). This alteration may result in the depletion of
butyrate-producing bacteria. Despite this, patients with T2DM
treated with metformin have been shown to exhibit increased
productions of butyrate and propionate (27).

The present study aimed to determine alterations in
the intestinal microbiota of individuals with both T2DM
and ESRD, to determine potential microbial mechanisms
that affect the development of both diseases and to identify
methods of improving the clinical state of patients within this
pathological category, through intervention on the intestinal
microbiome.

Materials and methods

Patients. The present study is an observational, case-control
type study. Patient samples from ‘NC Paulescu’ National
Institute of Diabetes, Nutrition and Metabolic Diseases
(Bucharest, Romania) were collected between November
2019 and February 2020. A group of 9 patients with T2DM
and ESRD (4 women and 5 men; mean age 61.9 years; age
range, 44-80 years) were compared with a control group
consisting of 8 healthy individuals (4 women and 4 men;
mean age 59.5 years; age range 45-74 years). All of the partici-
pants were age matched, filled in a standardized nutritional
questionnaire and signed an informed consent form. The
present study was approved by the Ethics Commission of
‘NC Paulescu’ National Institute of Diabetes, Nutrition and
Metabolic Diseases (Bucharest, Romania; approval no. Certif.
5911/04.10.2019). All participants gave their written informed
consent upon inclusion in the study. The research adhered to
the principles outlined in The Declaration of Helsinki and
also obtained approval from the Ethics Committee at the
University of Bucharest (Bucharest, Romania; under protocol
code CEC reg. no. 235/9.10.2019).

T2DM was defined according to the American Diabetes
Association criteria: A glycated hemoglobin level =6.5%
(48 mmol/mol); a fasting plasma glucose =126 mg/dl
(7.0 mmol/l); a 2-h plasma glucose during 75-g oral glucose
tolerance test =200 mg/dl (11.1 mmol/l); and a random plasma
glucose =200 mg/dl (11.1 mmol/l) (28). CKD was defined
in accordance with The Kidney Disease Improving Global
Outcomes foundation guidelines as the presence of two factors:
Glomerular filtration rate (GFR) <60 ml/min and albumin
>30 mg per gram of creatinine, along with abnormalities in
kidney structure or function for >3 months. ESRD was defined
as a GFR of <15 ml/min. (29). Inclusion criteria for participants
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in the present study were: Diagnosed with T2DM, >18 years of
age, and diagnosed with CKD in renal replacement therapy.
Exclusion criteria for participants in the study were: Non-renal
disease-caused anemia; acute hemorrhaging or history of
hemorrhaging in the last 3 months; blood transfusion in the
last 3 months; acute inflammatory or infectious diseases; acute
vascular pathology; and current immunosuppressive therapy.
The patient characteristics are listed in Table I.

Microbiota analysis. Microbiota analysis was performed
using culture-independent techniques, since the majority
of members of the gut microbiota are not cultivatable (3,4).
Bacterial DNA was extracted from stool samples using a
commercial kit (Qiagen Stool Mini Kit; Qiagen, Inc.). The
DNA concentrations were quantified utilizing the Qubit 4
fluorometer (Thermo Fisher Scientific, Inc.). To investigate the
gut microbiota, 16S ribosomal RNA (rRNA) and 18S rRNA
primers were used, and quantitative PCR was performed.
The sequences of the aforementioned primers are presented
in Table II. For the quantification of the various bacterial and
fungal populations, the following was used: 9 ng DNA isolated
from the stool samples, SYBR Green 2X (Applied Biosystems;
Thermo Fisher Scientific, Inc.) and 16S/18S rRNA primers
(2.5 nM). Amplification was performed on a Viia7 instrument
(Applied Biosystems; Thermo Fisher Scientific, Inc.). Each
sample was analyzed in triplicate. Samples without DNA
template served as negative controls. Samples were incubated
at 95°C for 5 min, followed by 40 cycles at 95°C for 10 sec,
60°C for 30 sec and 72°C for 1 sec. The microbial relative quan-
tification was performed using the 16S/18S rRNA threshold
cycle values for normalization (universal 16S and 18S primers
were used for normalization), and using the control group for
comparison according to the 222°4 method (30). Species rela-
tive abundance was calculated as fold change compared to the
healthy control.

Data points are presented as mean + SEM, and graphs were
generated using GraphPad 5 software (Dotmatics). Differences
between the groups were computed using the Mann-Whitney
test. P<0.05 was considered to indicate a statistically
significant difference.

Results

There were no significant differences in the abundance of major
bacterial phyla of the intestinal microbiota, Bacteroidetes and
Firmicutes, between the two patient groups (Fig. 1). The intes-
tinal microbiota of the individuals with T2DM and ESRD was
characterized by increased levels of Gammaproteobacteria
(Fig. 2B). In addition, all patients exhibited a significantly
elevated abundance of Enterobacteriaceae (Fig. 2C). This
microbial population is already associated with the existence
of an inflammatory process in the colon, and high levels of
Enterobacteriaceae are an indicator of intestinal dysbiosis.
Additionally, the Betaproteobacteria phylum was significantly
more abundant in the stool samples from the patients with
T2DM and ESRD, compared with that in the control group
(Fig. 2A).

The Clostridium genus (represented by Clostridium leptum
and Clostridium coccoides) did not show any significant
differences between the two groups (Fig. 3A and B). The

Table I. Characteristics of the patient group with type 2
diabetes mellitus and end-stage renal disease included in the
present study.

Value
Characteristic T2DM Control
Sex, n (%)

Female 4 (44) 4 (50)
Male 5 (56) 4 (50)
Age, years® 61.9 (3.6) 595 124)

Diabetes duration, years® 16.7 (3.3) -
Insulin, U/day* 214 (8.7) -
Hemoglobin, g/d1*® 10.4 (0.7) 12.2 (0.6)
Cholesterol, mg/d]** 152.2 (22.1) 128 (15.1)
Triglycerides, mg/dI*¢ 192.9 (43.2) 145 (15.0)
Creatinine, mg/dI** 6.0 (0.8) 0.8 (11.0)
Urea, mg/dI*f 139.3 (17.1) 35(10.2)
Calcium, mg/d1*# 8.8 (0.3) 8904
Phosphate, mg/dl*" 5.004) 2.9(0.2)
Albumin, g/dI* 39 (0.1) 3.6 (0.1)
Total protein, g/d1* 6.9 (0.3) 6.6 (0.1)

“Mean, (SEM) °Normal range:
125-200 mg/dl; ‘Normal range:
0.5-09 mg/dl; ‘Normal range: 10-50 mg/dl; tNormal range:
8.6-10.2 mg/dl; "Normal range: 2.7-4.5 mg/dl; Normal range:
3.5-4.2 g/dl; 'Normal range: 6.60-8.7 g/dl.

11.7-15 g/dl; “Normal range:
40-150 mg/dl; “Normal range:
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Figure 1. Relative abundance of (A) Bacteroidetes and (B) Firmicutes in
patients with T2DM and ESRD. ESRD, end-stage renal disease; T2DM, type
2 diabetes mellitus.

present study also analyzed the abundance of Butyricicoccus
spp., since this is a genus with an important role in intestinal
homeostasis, which has been implicated in the production of
SCFAs, especially butyrate (31). Notably, the gut microbiota
of individuals with T2DM and ESRD was characterized by
significantly reduced levels of Butyricicoccus (Fig. 3C).
There were no statistically significant differences in the
abundance of Ruminococcus spp., Faecalibacterium spp. and
Bacteroides-Prevotella-Porphyromonas between patients
with T2DM and ESRD and healthy individuals (Fig. 4). The
present study also analyzed the major fungal populations,
including Candida spp., Aspergillus spp. and Saccharomyces
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Table II. Primer sequences used for the amplification of 16S and 18S rRNA genes.

A, Bacterial 16S rRNA

First author, year Microbial population Primer Primer sequence, 5'-3' (Refs.)
Yang YW, 2015 Actinobacteria Act664F TGTAGCGGTGGAATGCGC (56)
Act941R AATTAAGCCACATGCTCCGCT
Yang YW, 2015 Deferribacteraceae Deferl115F CTATTTCCAGTTGCTAACGG (56)
Defer1265R GAGATGCTTCCCTCTGATTATG
Yang YW, 2015 Verrucomicrobiota Verl165F TCAGGTCAGTATGGCCCTTAT (56)
Ver1263R CAGTTTTCAGGATTTCCTCCGCC
Yang YW, 2015 Tenericutes Ten662F ATGTGTAGCGGTAAAATGCGTAA (56)
Ten862R CATACTTGCGTACGTACTACT
Yang YW, 2015 Betaproteobacteria Beta979F AACGCGAAAAACCTTACCTACC (56)
Betal130R TGCCCTTTCGTAGCAACTAGTG
Yang YW, 2015 Epsilonproteobacteria Epsilon940F TAGGCTTGACATTGATAGAATC (56)
Epsilon1129R CTTACGAAGGCAGTCTCCTTA
Yang YW, 2015 Gammaproteobacteria Gamma877F GCTAACGCATTAAGTACCCCG (56)
GammalO66R GCCATGCAGCACCTGTCT
Gomes-Neto JC,2017  Mucispirillum spp. MCSPF TCTCTTCGGGGATGATTAAAC (38)
MCSPR AACTTTTCCTATATAAACATGCAC
DeBruyn JM, 2011 Gemmatimonadetes Gem F GAATGCGTAGAGATCC 67
Gem R CCGTCAATTCATTTGAGTTT
Ferreira RB, Eubacteria: Universal UniF340 ACTCCTACGGGAGGCAGCAGT (58)
2011 primer for 16S rRNA UniR514 ATTACCGCGGCTGCTGGC
Dong Y, 2022 Lactobacillusspp. LabF362 AGCAGTAGGGAATTCTTCCA 59)
LabR677 CACCGCTACACATGGAG
Rinttild T, 2004 BPP F GGTGTCGGCTTAAGTGCCAT (60)
R CGGACGTAAGGGCCGTGC
Matsuki T, 2004 Clostridium leptum F GCACAAGCAGTGGAGT 44)
R CTTCCTCCGTTTTGTCAA
Furet JP, 2009 Clostridium coccoides F GACGCCGCGTGAAGG A (61)
R AGCCCCAGCCTTTCACAT C
Noratto GD, Ruminococcus spp. F ACTGAGAGGTTGAACGGCCA (62)
2014 R CCTTTACACCCAGTAATTCCGGA
Guo X, 2008 Firmicutes Firm934F GGAGCATGTGGTTTAATTCGAAGCA (63)
Firm 1060R AGCTGACGACAACCATGCAC
Guo X, 2008 Bacteroidetes Bact934F GGAACATGTGGTTTAATTCGATGAT (63)
Bact1060R AGCTGACGACAACCATGCAG
OulJ, 2013 Faecalibacterium spp. F CCCTTCAGTGCCGCAGT (64)
R GTCGCAGGATGTCAAGAC
Pircalabioru G, Butyricicoccus spp. F ACCTGAAGAATAAGCTCC (65)
2022 R GATAACGCTTGCTCCCTACGT
Matsuki, 2004 Enterobacteriaceae Uni515F GTG CCA GCM GCC GCG GTAA 44)
Ent826R GCC TCA AGG GCA CAACCT CCAAG
B, Fungi 18 S rRNA
Loeffler J, 18S rRNA universal F ATTGGAGGGCAAGTCTGGTG (66)
2000 primer R CCGATCCCTAGTCGGCATAG
Sokol H, 2017 Saccharomyces spp. F AGGAGTGCGGTTCTTTG 67
R TACTTACCGAGGCAAGCTACA
Aspergillus spp. F GTGGAGTGATTTGTCTGCTTAATTG ©7)
R TCTAAGGGCATCACAGACCTGTT
Frykman PK, 2015 Candida spp. F TTTATCAACTTGTCACACCAGA (68)
R ATCCCGCCTTACCACTACCG

BPP, Bacteroides-Prevotella-Porphyromonas; F, forward; R, reverse; rRNA, ribosomal RNA.
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Figure 2. Relative abundance of (A) Betaproteobacteria, (B) Gammaproteobacteria and (C) Enterobacteriaceae in patients with T2DM and ESRD. "P<0.05,
"*P<0.0001 vs. Control; Mann-Whitney test. ESRD, end-stage renal disease; T2DM, type 2 diabetes mellitus.
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Figure 3. Relative abundance of (A) Clostridium leptum, (B) Clostridium coccoides and (C) Butyricicoccus in patients with T2DM and ESRD. “P<0.05 vs.
Control; Mann-Whitney test. ESRD, end-stage renal disease; T2DM, type 2 diabetes mellitus.

spp.- While there were no statistically significant differences
between the two groups regarding Aspergillus spp., both
Candida spp. and Saccharomyces spp. were significantly
increased in patients with T2DM and ESRD compared with
in the control group (Fig. 5). A series of microbial phyla and
populations were not identified through quantitative PCR
(Cq value >38) in the patient group studied: Mucispirillum,
Verrucomicrobiota, Deferribacteraceae and Tenericutes. This
may be due to a very low abundance of these species in the
observed individuals. In this situation, the aforementioned
bacterial populations could be identified only through future
advanced sequencing techniques.

Discussion

To the best of our knowledge, the present study is one of few
studies that has focused on gut microbiome alterations in T2DM
and ESRD (32,33). There is ample information regarding the
characteristics of the intestinal microbiome in T2DM, and in
CKD and ESRD, respectively; however, not much data exists
regarding patients suffering from both pathologies.

Type 1 DM and T2DM are major causes of CKD, along
with hypertension and glomerulonephritis; however, all
mechanisms involved in the pathophysiology of CKD are not
yet known. Even so, it is well known that CKD contributes
to alterations in the composition and function of the gut

microbiota, resulting in dysbiosis. In addition, increasing
evidence has suggested that the various toxins produced by
the microbiota, including cytokines and non-self-components
(i.e., uremic toxins, such as indoxyl sulfate, p-cresyl sulfate
and trimethylamine-N-oxide), along with neuroendocrine
molecules released in the intestines, can lead to the appear-
ance and development of CKD. This bidirectionality is the
subject of a number of recent research projects (34,35), such
as the present study.

The present study on microbial DNA identified
statistically significant increases in the abundance
of Gammaproteobacteria, Betaproteobacteria and
Enterobacteriaceae in the intestinal microbiota of individuals
with T2DM and ESRD, compared with those in the healthy
individuals in the control group. Proteobacteria is one of the
most abundant intestinal phyla (36), characterized by the
heterogeneity of the gram-negative bacteria that compose
it. Genetic analysis of 16S rRNA allowed the division of the
Proteobacteria phylum into six classes: Alphaproteobacteria,
Betaproteobacteria, Gammaproteobacteria, Deltaproteobacteria,
Epsilonproteobacteria and Zetaproteobacteria (37). A number
of human pathogens associated with various infectious
diseases belong to this phylum: Brucella and Rickettsia in the
Alphaproteobacteria class, Bordetella and Neisseria in the
Betaproteobacteria class, Escherichia, Shigella, Salmonella
and Yersinia in class Gammaproteobacteria, and Helicobacter
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Figure 4. Relative abundance of (A) Ruminococcus spp., (B) Faecalibacterium spp. and (C) Bacteroides-Prevotella-Porphyromonas in patients with T2DM

and ESRD. ESRD, end-stage renal disease; T2DM, type 2 diabetes mellitus.
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Figure 5. Relative abundance of (A) Aspergillus spp., (B) Saccharomyces spp. and (C) Candida spp. in patients with T2DM and ESRD. "P<0.05, *“P<0.0001
vs. Control; Mann-Whitney test. ESRD, end-stage renal disease; T2DM, type 2 diabetes mellitus.

in class Epsilonproteobacteria. Besides the intestines,
these bacteria are also found on the skin, and in the mouth,
respiratory tract, stomach and vagina (38).

Studies performed on patients with metabolic syndrome
have confirmed the presence of alterations in the gut micro-
biota of individuals with both T2DM and prediabetes (39).
Specifically, the alterations manifest through a significant
increase in unknown species of the Enterobacteriaceae
family (39). The present study confirmed these find-
ings, implicating not only Enterobacteriaceae, but also
Betaproteobacteria and Gammaproteobacteria. Notably, the
increases in the abundance of these bacteria may result in
the maintenance of a low intensity inflammatory reaction in
the digestive tract and also in other parts of the body. This
can be explained by the existence of anatomical (the portal
venous system) and functional connections between the
liver and the intestines; the gut-liver axis. The liver is the
first organ confronted with high levels of lipopolysaccharide
(LPS) produced by the aforementioned bacteria, which were
revealed to exhibit an increased abundance in the present
patient group. The Kiipffer macrophages recognize LPS, along
with lipoteichoic acid (produced by gram-positive bacteria),
as pathogen-associated molecular pattern fragments that bind
to endocytosis receptors and Toll-like receptors (TLRs; e.g.
TLR4 and TLR2). The result of this binding is the activation of

an inflammatory process in the hepatic parenchyma, which is
accompanied by inflammatory cytokine release (IL-1p3, TNF-a,
IL-6 and IL-8). These cytokines act as signaling molecules,
both locally (autocrine and paracrine stimulation of Kiipffer
macrophages, hepatocytes, endothelial cells, hepatic stellate
cells and the hepatic lymphocyte population) and at a distance
(stimulation of the bone marrow, hypothalamus and lymphoid
structures throughout the rest of the body). The low intensity
inflammatory reaction thus produced is not only present at the
hepatic level, but also in the pancreas and kidneys and, in the
long term, can even induce anatomical (fibrosis) and functional
alterations (organ insufficiency) or cancer (40).

On the other hand, some gut microbiome metabolites,
such as SCFAs (especially butyric and acetic acids), have
an anti-inflammatory effect, obtained through an epigenetic
mechanism involving the suppressor T cells (41). Moreover,
SCFAs bind to G protein-coupled receptors and trigger various
mechanisms that control obesity. These SCFAs can modulate
an array of signaling pathways inside the hepatic and intes-
tinal cells, by binding directly to transcription factors, with
the purpose of maintaining homeostasis. When the gut micro-
biota produces excessive amounts of secondary biliary acids
(deoxycholic acid and lithocholic acid), intracellular signaling
becomes exaggeratedly intense and a stress response or even
malignant transformation can appear (42). The present study
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demonstrated that the intestinal microbiota of individuals with
T2DM and ESRD was characterized by significantly reduced
levels of Butyricicoccus spp. Thus, it may be concluded that
patients with this type of disease have a gut microbiota that
produces significantly reduced amounts of butyric acid. This,
in turn, implies a diminished anti-inflammatory effect on the
intestinal and hepatic cells (42).

Intestinal dysbiosis is associated with an increased
expression of genes that encode enzymes of the carbohydrate
metabolic pathways. This will give bacteria an increased
capacity to extract energy from the dietary products ingested
by the host and will generate an excessive accumulation of
adipose tissue (43). Although T2DM is mainly associated
with obesity, metagenomics has also identified particulari-
ties of the fecal microbiota in patients with T2DM. Some of
the studies published on this subject have identified positive
correlations between improved glycemic control or insulin
resistance and specific gut microbiome compositions (43,44).
Research performed on Chinese patients with T2DM has
shown a moderate degree of intestinal dysbiosis, with a lower
abundance of butyrate-producing species and an increased
number of several opportunistic classes of bacteria, such as
Enterobacteriaceae (45)

The present study also indicated a significant increase in
some fungal populations: Candida spp. and Saccharomyces
spp. It is well known that candidiasis has a higher prevalence
among patients with DM (both type 1 and 2). This increased
abundance of Candida spp. in diabetes may be explained
through several mechanisms, depending on the type of inflam-
matory reaction involved (local or systemic). Diabetes favors
fungal proliferation through hyperglycemia (46), an excessive
secretion of some lytic enzymes (47,48), and also through the
immunosuppressive state that it creates (48,49). Some of these
conditions that are favorable for fungal growth include: An
easier adhesion to epithelial cells, an increased salivary level of
glucose, a reduced salivary flow, microvascular degeneration
and an altered neutrophil anti-Candida capacity (48,50). All
of these factors disturb the equilibrium between the fungi and
their host, and transform Candida from a commensal species
to a pathogenic species. It has also been observed that an inad-
equate glycemic control increases the risk of candidiasis (51).

On the other hand, fungi from the Saccharomyces family
are known to have beneficial effects on patients with DM, by
improving blood-sugar levels, dyslipidemia, alveolar bone
destruction, hepatic inflammation (as shown by a reduction
in the transaminase serum levels) and by modulation of the
immune response (as shown by the reduction of serum TNF-a
levels) (52-54). A previous study performed on C57BL/6
mice with streptozotocin-induced diabetes demonstrated
that administrating Saccharomyces boulardii through intra-
peritoneal injections during an 8-week period reduced hepatic
hydropic degeneration and hepatic vascular congestion, dimin-
ished oxidative stress (by reducing carbonylated proteins, and
increasing the activity of the antioxidant enzymes superoxide
dismutase and glutathione peroxidase) and normalized
concentrations of the renin-angiotensin-aldosterone system
peptides (affecting both the liver and the kidneys) (55).

The most interesting aspect of the present pilot study is
the research population it focused on: Individuals that suffer
from both T2DM and ESRD in renal replacement therapy.

Studies have already been performed that have focused on the
alterations of the intestinal microbiome in both diabetes and
CKD/ESRD, but there are very few, if any, studies that have
focused on patients with this specific association of patholo-
gies (32,33). Thus, the present results could shed further
light upon the complex interrelations that appear between
the two aforementioned pathologies and the gut microbiome.
Potentially, in the future, we may offer new methods of
targeting the development and progression of T2DM and
ESRD, focusing on the intestinal microbiome.

One limitation of the present study is the small sample size.
The healthy control group consisted of only 8 individuals, since
subjects were age-matched and must have completed a nutri-
tional questionnaire in order to avoid the impact of variables
such as age and diet on the gut microbiome. In addition, when
using cohorts containing older individuals, it is difficult to find
matched healthy controls without other comorbidities that may
also affect the gut microbiome (such as obesity, osteoporosis,
cancer and autoimmune disease). More conclusive results may
be obtained if the period of the study was extended and if more
participants were recruited. This would allow for obtaining
more significant results, and also observing the progression of
the diseases and the appearance of potential complications, in
relation to the changes in the gut microbiota.

In conclusion, the alterations observed in the present study
suggested that local, regional (liver, pancreas and kidneys)
and systemic inflammatory processes occurred in the present
patient group. Because the present study consisted of patients
in the advanced stages of disease, it is difficult to specify
cause and effect; however, undoubtedly, gut microbiome
alterations may have a role in very complex pathophysiological
phenomena.
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