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Main gut bacterial composition differs between patients with type 1
and type 2 diabetes and non-diabetic adults
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Abstract
Background Regarding the role of gut microbial dysbiosis in hyperglycemia, we aimed to compare the main gut bacterial
composition among type 1 and type 2 diabetic patients and healthy non-diabetic adults.
Methods A total of 110 adult subjects (49 patients diagnosed with type 2 diabetes, 21 patients diagnosed with type 1 diabetes and
40 healthy persons) were included in this case-control study. The intestinal microbiota composition was investigated by quan-
titative real-time polymerase chain reaction (qPCR) method targeting bacterial 16S rRNA gene. Comparison between three
groups was done using one-way analysis of variance.
Results The participants’ mean age in the type 1 diabetes, type 2 diabetes and control groups was 35.4, 57.2 and 38.0 years,
respectively. Higher level of Escherichia, Prevotella and Lactobacillus was observed in both type 1 and type 2 diabetic patients
compared with the healthy group (P ˂0.001). In contrast, bacterial load of Bifidobacterium, Roseburia and Bacteroides was
higher in healthy control group (P < 0.05). Faecalibacterium was significantly lower in type 1 diabetic patients compared with
the other two groups (P ˂0.001). No significant difference was found in Akkermansia level among three groups.
Conclusions Gut microbial alterations have been observed among patients suffering from type 1 and type 2 diabetes mellitus and
healthy control adults. Butyrate producing genera including Roseburia and Faecalibacterium decreased while Escherichia,
Prevotella and Lactobacillus increased in diabetic patients compared to healthy subjects. Modulating approaches of gut micro-
biota composition could be helpful in diabetes management.
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Background

Diabetes mellitus is one of the most prevalent metabolic dis-
orders worldwide, which recognized with hyperglycemia and
glucose intolerance. Diabetes usually divided into two groups
of type 1 and type 2 diabetes. Genetic and environmental
factors, like a sedentary lifestyle and high energy diet, exposed
people to the risk of diabetes [1]. Recent studies proposed gut
microbiota as an effective factor in diabetes pathogenesis [2,
3]. Gut microbiota, the wide range of symbiotic microorgan-
isms that live in the intestine, makes a dynamic ecosystem
inside the host body. The composition and function of the
gut microbiota depends on the host genome, dietary intake,
and other lifestyle factors [4–6].

Several host metabolic pathways, including interactive
host-microbiota metabolic endocannabinoids, production of
bile acids, short chain fatty acids (SCFAs), biogenic amines
and xenometabolites are affected by the host-microbiota inter-
actions [4]. Based on the several invest igations,
enteroendocrine cell metabolism and the endocannabinoid
system are controlled by the gut microbiota. Moreover, gut
microbiota constitutes a link among gut barrier dysfunction,
metabolic endotoxemia and low-grade inflammation [7].
Identification of these links can lead to new therapeutic strat-
egies to prevent diseases and improve health [4, 8–10].

Low-grade inflammation has been suggested as a potential
contributing factor for diabetes. The gut microbiota is a rich
source of the components such as lipopolysaccharides (LPS)
that in interactionwith the immune cells of the host can bind to
immune receptors and induce pro-inflammatory response.
Thus, gut microbiota-derived LPS and peptidoglycans are fac-
tors which involved in the onset and progression of inflamma-
tion in peripheral tissues, metabolic endotoxemia and meta-
bolic diseases [11, 12].

In recent years, higher rates of type 1 diabetes have been
reported, that are not explained by genetic cause, but it
could assign to changes in epigenetic and environmental
factors such as lifestyle, diet, hygiene, and antibiotic usage
that can induce alteration in microbiota composition [13].
Prevention of mucin synthesis by increase in the abun-
dance of non-butyrate-producing lactate-utilizing bacteria
may lead to the β-cell autoimmunity and in consequence
type 1 diabetes [14]. Moreover, involvement of microbiota
in critical regulating pathways such as insulin signaling
and glucose homeostasis, contributes to the link between
type 2 diabetes and gut microbiome [11, 15]. Gut microbial
dysbiosis, decrease in butyrate-producing bacteria and in-
crease in opportunistic pathogens, has been reported in
diabetic patients [11]. Regarding the necessity of better
understanding the gut microbiota alteration in diabetic pa-
tients for glycemic control, we aimed to compare the main
gut bacterial composition in type 1 and type 2 diabetic
patients and healthy non-diabetic adults.

Materials and methods

In this case-control study, 110 subjects were recruited from
March 2017 to December 2017. Subjects were recruited via
advertising at the endocrine clinics. 49 type 2 diabetics, 21
type 1 diabetics and 40 healthy non-diabetic subjects aged
between 20 and 65 years entered this study. To ensure com-
parable data, we considered exclusion criteria included preg-
nancy and lactation, smoking, use of corticosteroids, antibi-
otics, prebiotics or probiotics during the 3 month prior to the
study and suffering from co-morbidities including cardiovas-
cular disease, kidney and liver disorders, gastrointestinal dis-
orders, inflammatory bowel diseases and cancer and history of
acute and chronic diarrhea over the last month. The written
informed consent was obtained from all participants. All pro-
cedures were approved by the ethical committee of National
Institute for Medical Research Development (NIMAD).

After collecting demographic information, anthropometric
measurements were done. Participant’s weight was measured
with an accuracy of 0.1 kg with light clothes using a digital
scale (Seca, Germany) and height was measured with a preci-
sion of 0.5 cm without shoes using a stadiometer. Then body
mass index (BMI) has been calculated as body weight in ki-
lograms divided by the square of height in meter (kg/m2).

Blood samples were taken after 12–14 h of overnight
fasting from participates. The blood serum was separated by
centrifuging at 1300 g for 10 min at the room temperature
immediately and stored at −80 °C freezer until analysis.
Serum fasting blood sugar (FBS), total cholesterol (TC), tri-
glyceride (TG), high-density lipoprotein cholesterol (HDL),
low-density lipoprotein cholesterol (LDL), very low density
lipoprotein cholesterol (VLDL) and high-sensitivity C-reac-
tive protein (hsCRP) concentrations were measured by
Roche kits using auto-analyzer instrument (Hitachi, Cobas C
311, Roche Diagnostics GmbH). Serum insulin concentration
was measured by an enzyme immunoassay kit (Monobind
Inc., Lake Forest, CA, USA).

Fresh faecal sample have been collected in sterile cups,
stored immediately in ice packs and brought to the laboratory
within 2 h. Samples were stored at −80 °C for faecal microbial
quantification. Extraction of total bacterial DNA from 200 mg
of each faecal sample has been done using QIAamp DNA
Stool Mini kit (QIAGEN, GmbH, Germany) according to
the manufacturer’s protocol. The extracted DNA purity and
concentration were determined by Nanodrop spectrophotom-
eter (Thermo Scientific NanoDrop, USA). All the extracted
DNAs were stored at −20 °C until further analysis.

Genus-specific sequences of primers targeted the bacterial 16S
rRNA genes used in the current study. Specificity of the primers
was evaluated in silico using the nucleotide BLAST in NCBI.
The specific primers sequences are shown in Table 1 [16–23].

Quantitative real-time PCR was performed in triplicate using
Roche LightCycler® 96 System (Switzerland) and Sybr green
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Master Mix (Takara Bio, Shiga, Japan). The used thermal cy-
cling conditions were as follows: an initial DNA denaturation
step at 95 °C for 1 min; 40 cycles of denaturation at 95 °C for
5 s; primer annealing at 55 °C for 30 s; extension at 72 °C for
30 s. Finally, melting curve analysis was performed by slowly
cooling the PCRs from 95 °C to 60 °C for confirming the spec-
ificity of the amplification products. The bacterial concentration
in each sample was calculated by comparing the obtained
threshold cycle values with the standard curves constructed for
each experiment using serial 10-fold dilutions of bacterial geno-
mic DNA of standard Ecoli (ATCC 25922) with known con-
centration. After that, bacterial copy numbers of the eight bac-
terial genera in 1 g of faeces were determined.

Statistical analysis was performed by IBM SPSS version
22.0 (SPSS Inc. Chicago, IL, USA). A P value <0.05 was
considered as the level of significance. Data were expressed
as mean ± standard deviation or median ± inter quartile range.
The normality distribution for different variables was tested by
the Kolmogorov–Smirnov test. For hs-CRP which did not
follow normal distribution, log transformation was done.
Chi-square test was used to test the equality in distribution
of males and females among three groups. Comparison be-
tween three groups was done using one-way ANOVA or
Kruskal-Wallis Test for variables with normal and non-
normal distribution, respectively. Following one-way
ANOVA, Bonferroni post hoc test was run for pairwise mul-
tiple comparisons.

Results

The participants’ mean age in the type 1 diabetes, type 2
diabetes and control groups was 35.4, 57.2 and 38.0 years,

respectively. The mean age of adult patients with type 2 dia-
betes was significantly higher compared with the type 1 dia-
betics and healthy controls (P ˂0.001). The three groups were
comparable with regard to sex distribution (P > 0.05). Use of
diabetes medications, including metformin and insulin, were
observed in 14% and 95% of participants with type 1 diabetes,
also in 67% and 30% of type 2 diabetic patients, respectively.
Moreover, 14% and 28% of type 1 and type 2 diabetic patients
reported the use of lipid-lowering statins. Weight and BMI
were significantly different among groups, patients with type
1 diabetes had lower weight compared with the two other
groups (P < 0.05). The anthropometric indices and biochemi-
cal variables of the non-diabetic adults and those with type 1
and 2 diabetes are presented in Table 2. The diabetic groups
had elevated concentration of FBS compared to the healthy
group (P ˂0.001). However, serum insulin concentration was
not significantly different among the groups (P > 0.05). TC
and LDL-C were significantly higher in non-diabetic group
compared with the other groups (P < 0.05), while HDL-C was
also significantly higher in the control group (P ˂0.001). No
statistically significant differences in TG and VLDL were ob-
served among the study groups (P > 0.05). Hs-CRP concen-
tration was significantly lower in non-diabetic participants
compared to the diabetic patients (P ˂0.001).

Within Proteobacteria phylum, bacterial load of
Escherichia in fecal samples of non-diabetic subjects was sig-
nificantly lower compared to the diabetic patients (P ˂0.001).
Within Bacteroidetes phylum, the bacterial load of Prevotella
was significantly higher whereas the quantity of Bacteroides
was significantly lower in type 1 and type 2 diabetic patients
compared to the non-diabetic group (P ˂0.001).

Roseburia, a butyrate-producing genus, was significantly
i n c r e a s ed in non -d i abe t i c sub j e c t s (P = 0 .02 ) .

Table 1 16S rRNA gene-targeted
specific primers used for real-time
PCR

Target Bacteria Oligonucleotide sequence Amplicon size (bp) Reference

Escherichia F: CATTGACGTTACCCGCAGAA
GAAGC

190 Bartosch (2004)

R: CTCTACGAGACTCAAGCTTGC

Prevotella F: CACCAAGGCGACGATCA 283 Larsen (2010)
R: GGATAACGCCYGGACCT

Lactobacillus F: AGCAGTAGGGAATCTTCCA 341 Kanno (2009)
R: CACCGCTACACATGGAG

Bifidobacterium F: TCGCGTCYGGTGTGAAAG 243 Rinttila (2004)
R: CCACATCCAGCRTCCAC

Akkermansia F: CAGCACGTGAAGGTGGGGAC 329 Schneeberger (2015)
R: CCTTGCGGTTGGCTTCAGAT

Roseburia F: TACTGCATTGGAAACTGTCG 230 Larsen (2010)
R: CGGCACCGAAGAGCAAT

Fecalibacterium F: GGAGGAAGAAGGTCTTCGG 248 Fitzgerald (2018)
R: AATTCCGCCTACCTCTGCACT

Bacteroides F: GGTGTCGGCTTAAGTGCCAT 140 Gregory (2015)
R: CGGAYGTAAGGGCCGTGC

J Diabetes Metab Disord (2020) 19:265–271 267



Faecalibacterium, another butyrate-producing genus within
Firmicutes phylum, was significantly lower in type 1 diabetic
patients compared with the other two groups (P ˂0.001). In
diabetic patients, the bacterial number of Lactobacillus was
significantly enriched compared with the healthy control
group (P ˂0.001). No significant difference was found in
Akkermansia level among three groups (P > 0.05). Within
Actinobacteria, the number of Bifidobacterium was signifi-
cantly higher in non-diabetic subjects (P = 0.04) (Table 3).

Discussion

In this case control study, bacterial load determination in fae-
ces showed higher level of Escherichia, Prevotella and
Lactobacillus in both type 1 and type 2 diabetic patients

compared with the healthy group. In contrast, bacterial load
o f B i f i dobac t e r i um , Akke rmans i a , Rosebu r i a ,
Faecalibacterium and Bacteroides was higher in healthy con-
trol group as expected based on previous investigations.

Several studies to date have investigated the gut microbiota
composition in diabetic patients, as the most comprehensive
ones we could mention to Qin et al. and Karlsson et al. studies,
both of them indicated lower abundance of butyrate-
p r o d u c i n g b a c t e r i a i n c l u d i n g Ro s e bu r i a a n d
Faecalibacterium in diabetic patients [24, 25]. However, there
were discrepancies among the results of previous studies,
highlighting the importance of assessing gut microbiota com-
position in populations with different ethnicities.

In this study, we observed higher abundance of Prevotella
in diabetic patients and on the contrary higher abundance of
Bacteroides in healthy control subjects. Results of previous

Table 2 Characteristics and
biochemical parameters of the
study participants

Type 1 Diabetes Type 2 Diabetes Healthy control P Value
n:21 (M:8/F:13) n:49 (M:22/F:27) n:40 (M:10/F:30)

Age (years) 35.4 ± 12.4 57.2 ± 9.9 38.0 ± 9.8 ˂0.001

Weight (kg) 61.7 ± 23.8 75.5 ± 13.6 72.4 ± 15.4 0.01

BMI (kg/m2) 21.9 ± 6.4 28.0 ± 4.4 26.7 ± 6.2 ˂0.001

FBS (mg/dL) 182.3 ± 106.7 154.0 ± 51.2 79.3 ± 7.2 ˂0.001

Insulin (mU/L) 15.3 ± 25.0 13.1 ± 12.5 11.0 ± 5.8 0.52

TC (mg/dL) 154.1 ± 41.7 151.7 ± 43.9 194.0 ± 40.6 ˂0.001

TG (mg/dL) 111.98 ± 63.9 147.9 ± 94.2 116.5 ± 48.6 0.07

HDL (mg/dL) 43.2 ± 6.5 39.3 ± 8.0 46.6 ± 9.0 ˂0.001

LDL (mg/dL) 88.5 ± 32.4 82.8 ± 32.2 100.7 ± 23.8 0.02

VLDL (mg/dL) 22.4 ± 12.8 26.4 ± 11.8 23.3 ± 9.7 0.3

Hs-CRP (mg/L) 15.5 ± 1.8 11.5 ± 2.5 4.5 ± 3.1 ˂0.001

Data are presented as mean ± SD

Comparisons were made with ANOVA

P value <0.05 was considered statistically significant

BMI, body mass index; FBS, fasting blood sugar; HDL, high density lipoprotein cholesterol; LDL, low density
lipoprotein cholesterol; VLDL, very low density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides

Table 3 Bacterial load of fecal
samples in diabetic patients and
healthy controls

Type 1 diabetes Type 2 diabetes Healthy control P Value
n:21 (M:8/F:13) n:49 (M:22/F:27) n:40 (M:10/F:30)

Escherichia a 6.0 ± 0.9 5.9 ± 1.0 5.0 ± 1.1 ˂0.001

Prevotella a 7.6 ± 0.1 7.6 ± 0.1 6.4 ± 2.0 ˂0.001

Lactobacillus a 6.8 ± 0.4 6.8 ± 0.4 4.4 ± 0.9 ˂0.001

Bifidobacterium a 5.7 ± 0.9 5.5 ± 0.8 6.0 ± 1.0 0.04

Akkermansia a 4.4 ± 1.9 4.2 ± 2.0 5.0 ± 1.7 0.14

Roseburia a 5.8 ± 0.8 5.7 ± 1.1 6.4 ± 1.0 0.02

Fecalibacterium b 6.3 ± 0.5 7.3 ± 0.2 7.2 ± 0.8 ˂0.001

Bacteroides b 7.6 ± 0.8 7.8 ± 0.1 8.2 ± 0.6 ˂0.001

All values are calculated based on Log10CFU/g stool and are presented as mean ± SDa or median ± IQRb

Comparisons were made with ANOVA or Kruskal–Wallis

P value <0.05 was considered statistically significant
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studies regarding to the bacterial load of Prevotella and
Bacteroides in type 1 and type 2 diabetes were controversial
[26–28]. In contrast to our results, Leiva-Gea et al. nominated
Bacteroides as the main genus leading to the gut dysbiosis
associated with type 1 diabetes [26]. Besides, Prevotella has
conflicting effects on glycemic control. From one side, it is a
mucin degrader bacterium disturbing the gut integrity and on
the other hand, it is a succinate producer leading to inhibition
of hepatic glucose output by stimulation of intestinal gluco-
neogenesis [26]. However, it should be noted that Prevotella
and Bacteroides enterotypes are under influence of long-term
dietary intakes. It has been shown that Bacteroides enterotype
was associated with a diet rich in protein and animal fat, while
the Prevotella enterotype was associated with a diet rich in
carbohydrate and fiber [29, 30]. So we can propose that the
higher abundance of Prevotella in diabetic patients is a con-
sequence of high carbohydrate intake during patients’ life.

Roseburia as an important butyrate-producing genus could
inhibit expression of proinflammatory cytokines in the muco-
sa and has modulating effects on immune system.
Mediterranean diet and fermentable dietary carbohydrates
are associated with an increased abundance of intestinal
Roseburia and better glycemic control. Evidences have been
proposed that the abundance of intestinal Roseburia negative-
ly correlated with plasma glucose, indicating to the role of
Roseburia in glucose homeostasis [31]. Consistently, our re-
sults revealed lower concentration of Roseburia in faeces of
diabetic patients.

In the present study, bacterial load of Faecalibacterium in
faeces of type 1 diabetic patients was lower compared to the
control group. In agreement with our findings, Huang et al. in
a study on young adults observed that abundance of
Faecalibacterium correlated negatively with HbA1c levels
[ 32 ] . Mo r eove r , l owe r r e l a t i v e abundanc e o f
Faecalibacterium has been indicated in type 1 diabetic chil-
dren [26].

We found that the abundance of Akkermansia was relatively
lower in the diabetic groups compared to the healthy subjects;
however this difference was not statistically significant. Zhang
et al. suggested that low abundance ofAkkermansia muciniphila
could be a biomarker for glucose intolerance [33]. Furthermore,
Endesfelder et al. revealed that alterations in the abundance of
mucin-degrading bacteria were associated with early develop-
ment of islet autoimmunity and type 1 diabetes [34].

Decrease in levels of SCFAs-producing bacteria including
Akkermansia, Roseburia and Faecalibacteriumwhich is often
observed in gut microbiota of diabetic patients is associated
with higher intestinal permeability, allowed translocation of
proinflammatory substances from gut lumen to blood circula-
tion causing metabolic endotoxemia [14, 35].

Our results were in line with the studies conducted by
Sedighi et al. and Larsen et al. observing meaningful higher
concentration of Lactobacillus in type 2 diabetic patients

compared to the controls [20, 36]. Ordiz et al. revealed that
consumption of dietary starch which is mostly prevalent in
diabetic patients changed the gut microbiota composition,
with an increase in Lactobacillus genus [37]. However, it
should be noted that different species in the same genus could
exhibit various properties. For example, Halawa et al. ob-
served lower stool Lactobacillus acidophilus in diabetic pa-
tients compared to healthy individuals [38]. Consistent to our
findings, colonization of Bifidobacterium with anti-
inflammatory effects and bifidogenic properties was lower in
gut microbiota of patients with type 1 and type 2 diabetes [26,
36, 39].

Similar to our observation, the abundance of
Escherichia belonging to the Proteobacteria phylum has
been reported to increase in type 2 diabetic patients [25].
Lipopolysaccharides derived from the outer membranes of
Gram-negative bacteria are known to promote secretion of
pro-inflammatory cytokines by binding to Toll-like recep-
tor 4 (TLR4) and thus induce insulin resistance. Moreover,
increased proportion of proinflammatory bacteria like
Escherichia exposed subjects to the impaired epithelial
integrity, low-grade inflammation, and autoimmune re-
sponses and increased risk of type 1 diabetes [26]. Since
evidences showed that medications like metformin and
insulin could influence bacterial composition of gut micro-
biota and may confound the alterations in microbiome, we
cannot distinguish between gut microbiota alterations
resulting from disease or drug consumption [27, 40, 41].
Metformin treatment has been shown to affect abundances
of SCFAs-producing bacteria, Lactobacillus and
Escherichia [41]. Moreover, insulin treatment could re-
verse the observed alterations in Prevotella and
Bacteroides abundances in type 1 diabetic patients [27].

Controversial results regarding the gut microbiota compo-
sition in type 1 and type 2 diabetes could be partly explained
by the heterogeneity in various factors such as ethnicity, ge-
ography, medical history, life style and dietary habits of par-
ticipants, design of studies and methods of gut microbiota
assessment. In the present study, we tried to eliminate the
effects of some confounders such as antibiotics, prebiotics or
probiotics and other chronic disorders by considering them as
exclusion criteria. However, since we did not match three
groups for sex, age and BMI, we could not remove the poten-
tial confounding effects of these factors. Moreover, in the
current study we showed alterations of gut microbiota com-
position in diabetic patients, however, considering the design
of this study we could not establish the casual link between
microbiome changes and diseases. Further prospective longi-
tudinal studies are warranted to elucidate the cause and effect
relationships. Furthermore, we examined only a limited num-
ber of bacterial genera in gut microbiota, but a metagenomic
assessment can provide a comprehensive view of all microor-
ganisms inhabited in the gastrointestinal tract.
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Conclusion

In conclusion, result of this study showed that despite the non-
significant difference in Akkermansia level between diabetic
patients and healthy subjects, abundance of Escherichia,
Prevotella and Lactobacilluswas significantly higher in faecal
samples of type 1 and type 2 diabetic patients and abundance
of Bifidobacterium, Roseburia, Faecalibacterium and
Bacteroides was significantly higher in healthy control sub-
jects. By determining the gut microbiota alterations in diabe-
tes, interventional strategies could be designed to modulate
the gut microbiota composition and function with the ultimate
aim of help in glycemic control.
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