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ABSTRACT

Introduction: Many clinical studies have
proved the effectiveness of probiotics in meta-
bolic disorders associated with insulin resis-
tance. However, the impact of probiotic therapy
on pancreatic B-cell function is ambiguous. The
influence of probiotic supplementation vs. pla-
cebo on B-cell function in people with type 2
diabetes (T2D) was assessed in a double-blind,
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single-center, randomized, placebo-controlled
trial (RCT).

Methods: Sixty-eight patients with T2D were
selected for participation in the RCT. Patients
were randomly allocated to consumption of live
multistrain probiotics or a placebo for 8 weeks,
administered as a sachet formulation in double-
blind treatment. The primary main outcome
was the assessment of B-cell function as change
in C-peptide and HOMA-f (homeostasis model
assessment-estimated p-cell function), which
was calculated using the HOMAZ2 calculator
(Diabetes Trials Unit, University of Oxford).
Secondary outcomes were the changes in gly-
cemic control-related parameters, anthropo-
morphic variables, and cytokines levels.
Analysis of covariance was used to assess the
difference between groups.

Results: Supplementation with live multipro-
biotic was associated with slight significant
improvement of B-cell function (HOMA-B
increased from 32.48 + 13.12 to 45.71 + 25.18;
p = 0.003) and reduction of fasting glucose level
(13.03 £ 3.46 vs 10.66 £+ 2.63 mmol/L and
234.63 £62.36 vs 192.07 £ 47.46 mg/dL;
p<0.001) and HbAlc (8.86 £ 1.28 s
8.48 £+ 1.22; p = 0.043) as compared to placebo.
Probiotic therapy significantly affects chronic
systemic inflammation in people with T2D by
reducing pro-inflammatory cytokine levels.
Conclusions: Probiotic  therapies modestly
improved B-cell function in patients with T2D.
Modulating the gut microbiota represents a new
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diabetes treatment and should be tested in more
extensive studies.
Trial Registration: NCT05765292.

Keywords: Probiotics; Gut microbiota; Type 2
diabetes; Pancreatic B-cells; Insulin resistance

Key Summary Points

Why carry out the study?

The current understanding of the
beneficial effects of probiotics in type 2
diabetes strictly relies on data which
mainly focus on their impact on insulin
resistance, glycemic control, and markers
of chronic systemic inflammation.

This double-blind, single-center,
randomized, placebo-controlled trial was
carried out to test the hypothesis if
probiotic as compared to placebo could
improve B-cell function in people with
type 2 diabetes.

What was learned from the study?

Supplementation with live multiprobiotic
as compared to placebo was associated
with significant improvement of B-cell
function and fasting glycemia.

INTRODUCTION

Nowadays, the world is facing drastic changes
with important consequences in the field of
health, namely diseases of civilization: meta-
bolic disorders, cardiovascular and endocrine
diseases, age-related diseases, and cancer [1-3].
Each year the problem of obesity is becoming
increasingly visible and discussed by some
researchers [4]. The leading causes of obesity are
an increased intake of energy-dense foods,
excess sugar, flavor enhancers and trans fats in
food, and reduced physical activity of the
world’s population [5]. The consequences of
obesity and obesity-related diseases, which are
cardiovascular diseases, type 2 diabetes (T2D)

and its complications, are among the first in the
list of diseases causing death according to the
World Health Organization [6-8].

T2D is a chronic disease in which the meta-
bolism of carbohydrates, fats, and proteins is
altered according to the inability of B-cells to
secrete insulin and/or the peripheral cells failing
to give a normal response to insulin [9]. This
complicated process may involve genetic sus-
ceptibility and environmental and/or lifestyle
factors. It will profoundly impact the demand
for health care, economic costs, and quality of
life [10]. Around 90% of people with diabetes
worldwide have T2D. T2D is generally charac-
terized by insulin resistance (IR), defined as the
reduced ability of insulin to exert its biological
effects on the target tissue and/or insufficient
insulin production from pancreatic B-cells [11].

The relationship between alterations in
intestinal microbiota and diseases of civilization
is well known [12]. The gut microbiota is gain-
ing meaningful scientific interest concerning
obesity and different associated metabolic dis-
orders in an effort to understand obesity’s eti-
ology better and finds modern methods for its
prevention and/or treatment [13-16].

Scientists studying the microbiome have
discovered its new functions, mechanisms of
regulation of metabolic processes, signaling
pathways, and effector molecules that take part
in them. The most studied and useful probiotics
are lactic acid bacteria, especially bacteria from
the genera Lactobacillus, Lactococcus, Streptococ-
cus, and Enterococcus. Also, other bacterial spe-
cies such as Bifidobacterium sp., Bacillus sp.,
Propionibacterium sp., Escherichia coli, and Sac-
charomyces have shown clinical efficiency
[17-19]. The current understanding of the ben-
eficial effects of probiotics in T2D strictly relies
on animal and clinical data, which mainly focus
on their impact on IR, anthropometric param-
eters, glycemic control, and markers of chronic
systemic inflammation [11]. However, there is a
lack of evidence-based probiotic efficacy on
pancreatic p-cell function in terms of T2D and
related metabolic disorders.

The rationale for probiotic choice was pre-
viously reported by our group in a series of
comparative experimental investigations on the
efficacy of mono- and multiprobiotic strains in
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metabolic disorders. We established the signifi-
cantly lower prevalence of obesity [20] and
more pronounced decrease in HOMA-IR, hep-
atic fat content, and proinflammatory cytokines
levels for a live probiotic mixture as compared
to lyophilized monoprobiotic strains [21, 22].

The current study assessed the influence of
probiotic supplementation vs placebo on B-cell
function in people with T2D in a double-blind,
single-center, randomized, placebo-controlled
trial (RCT). Therefore, the study will focus on
the efficacy of live multistrain probiotics for
protecting pancreatic B-cell damage in people
with T2D.

METHODS

This RCT was conducted at the Kyiv City Clin-
ical Endocrinology Centre, Ukraine, between
March 1 and December 15, 2021. The research
protocol was approved by the local ethics
committee (protocol 2/21) and put into practice
on the basis of the Declaration of Helsinki
(1975). The research was registered in the
Clinical.Trial.gov database (NCT05765292).
Before the RCT was initiated, its purpose and
methods were clearly discussed with partici-
pants; thereafter, that all the patients volun-
tarily signed the informed consent.

Inclusion Criteria

The inclusion criteria were adult participants
(aged 18-75 years) with proven T2D diagnosis
based on the criteria of the American Diabetes
Association  (plasma glucose in fasting
state > 7.0 mmol/L; plasma glucose on random
measurement > 11.1 mmol/L; HbAlc > 6.5%
or glucose > 11.1 mmol/L 2h after tolerance
test with 75g of glucose) [23]; presence of
pancreatic p-cell dysfunction which was defined
as HOMA2-B < 50% and treatment with insulin
therapy alone or in combination with oral
antidiabetic drugs (metformin and/or sulfony-
lureas) in a stable dose for at least 3 months
prior to randomization; HbAlc level 6.5-11.0%;
a signed informed consent.

Exclusion Criteria

The main exclusion criteria were presence of
T1D; intake of antidiabetic drugs except for
those specified in the inclusion criteria (piogli-
tazone, glucagon-like peptide1 (GLP-1) ana-
logues, dipeptidyl peptidase 4 (DPP4)
inhibitors, etc.); severe diabetes-related compli-
cations at screening (i.e., end-stage diabetic
kidney disease, neuropathy requiring pharma-
cological treatment, proliferative retinopathy,
autonomic neuropathy); regular intake of pro-
biotics, prebiotics, or antibiotics for 3 months
prior to inclusion; previously diagnosed allergy
to probiotics; gastrointestinal disorders includ-
ing food allergy, gluten-sensitive enteropathy,
ulcerative colitis; an uncontrolled cardiovascu-
lar or respiratory disease, an active malignant
tumor or chronic infections; participant who
had severe course of COVID-19 (extracorporeal
membrane oxygenation, mechanically venti-
lated) and/or had a confirmed case of COVID-19
within 4 weeks prior to enrollment; participa-
tion in another clinical trial; pregnancy or
lactation.

Study Design

Patients included with T2D included in the RCT
were randomly allocated in a ratio of 1:1 to
receive either probiotic or a placebo for 8 weeks.
Randomization was double blind and carried
out by an expert in statistics with blocks of four
using a computer-generated list at www.
randomization.com. The groups were homoge-
neous in terms of age, gender, and diagnosis.
The co-investigators distributed the sachets
among the participants according to their
groups. The group allocation was blind both for
the participants and the researchers. In addi-
tion, with a view to supporting the double-blind
design, the statistics expert did not know the
distribution of the participants between the
study groups. The code was unblinded after the
analysis had been completed and the database
had been closed.

The preliminary randomization period was
developed to reduce the effects of diet changes
upon metabolic markers. For this purpose,
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2 weeks before randomization all patients were
offered to have a one-time session with a dieti-
cian to modify their lifestyle. The nutrition
program included a corrective diet and drinking
regime (daily norm 30-40 mL/kg). Patients were
provided with a list of recommended and pro-
hibited products. Any cooking method was
recommended except for frying. The last meal
was 1.5-2 h before bedtime. In addition, the
participants were offered to continue their usual
intake of antidiabetic drugs and to undertake
standard average physical exercise for at least
1h a day.

During the study 2-week follow-up, phone
consultations were used to assess compliance,
observance of the protocol requirements, and
adverse event (AE) monitoring. In the event of a
minor AE, patients were given the option to
either continue or discontinue sachets but were
nonetheless asked to complete follow-up visits.
Project participants who had diarrhea, nausea/
vomiting, sepsis, or took antibiotics during the
research were not invited to the last visit.

Patient compliance was assessed by counting
the remaining sachets and poll by the investi-
gator at the end of treatment. The patient was
considered a good match if less than 15% of the
sachets remained during the count. The subject
data were excluded from the final results if a
participant had missed more than 15% of the
suggested doses.

The rationale for study duration was based
on our previous clinical studies in which the
effectiveness of the same multiprobiotic for
8 weeks was proven [11, 24].

Drugs

The sachets containing probiotics or placebo
had similar organoleptic characteristics,
appearance, texture, weight, and smell. The
only difference was on the specified number
code printed on them. Multistrain probiotic
Symbiter and the placebo were produced and
delivered to the study center by N.D. Prolisok
(Ukraine). The intervention contains of 14 live
probiotic strains of Lactobacillus + Lactococcus
(6 x 10'° CFU/g), Bifidobacterium (1 x 10'°/g),
Propionibacterium (3 x 10'°/g), and Acetobacter

(1 x 10%/g) genera. Every patient after ran-
domization received one pack (10 g) of Symbiter
or placebo per day (QD) for an 8-week period.
The developers of the drug delivered ready-
packaged sachets to the hospital. Sachets were
stored at a temperature of 4 + 2°C in a place
inaccessible to children. The shelf life of the
sachets was 2 months from the date of produc-
tion. The probiotic company had guaranteed
that the sachets contained live probiotic strains.

All the participants were instructed con-
cerning the use of the supplementation, i.e.,
they were told to cut the pack as shown, then
dissolve the contents in 15-30 mL of boiled
drinking water of ambient temperature, stir
thoroughly, and to consume it immediately
after preparation.

Outcomes Assessment and Measurement

After informed consent was signed, the patients
provided samples of their blood serum in a
fasting state and these were immediately frozen
at — 20°C. Appropriate clinical and demo-
graphic information was collected for each
person.

The primary outcome was the assessment of
B-cell function as change in C-peptide and
HOMA-B (%B, homeostasis model assessment-
estimated B-cell function), which was calculated
using the HOMAZ2 calculator. This model can be
calculated using the software provided by the
Oxford Centre for Diabetes, Endocrinology and
Metabolism and available at http://www.dtu.ox.
ac.uk/homacalculator/index.php. In addition,
insulin sensitivity (%S$) and HOMA?Z2 index were
secondary outcomes. C-peptide was measured
using chemiluminescence immune analysis
with the help of commercially available Kkits
(Immulite, Siemens AG, Germany) with nano-
gram per milliliter scale.

The secondary outcomes of the RCT that
were considered for investigating the efficiency
of the probiotic therapy were glycemic control-
related parameters, anthropometric variables,
and markers of a chronic systemic inflamma-
tory response, namely tumor necrosis factor
(TNFa), interleukin (IL)-1B, IL-6, IL-8, and
interferon-y (INFy). All parameters were
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determined by the hospital clinical laboratory
after patients fasted for a 12-h period.

The glucose level in fasting state was deter-
mined by enzymatic Trinder method using an
Exan device. HbAlc was measured using
immunoturbidimetric analysis on a Cobas 6000
(Roche Diagnostics, Basel, Switzerland) with a
reference range of 4.8-5.9%. HbAlc level was
standardized with a reference method in keep-
ing with DCCT (Diabetes Control and Compli-
cations Trial) and NGSP (National
Glycohemoglobin Standardization Program)
guidelines.

The level of proinflammatory cytokines
(TNFa, IL-1B, IL-6, IL-8, INFy) was determined
using enzyme immunoassay with commercially
available Sigma systems. Blood samples (5 mL)
were taken in fasting state. Serum was stored at
— 20 °C. Cytokine levels under consideration
were measured in each sample and expressed in
picograms per milliliter.

All the patients underwent anthropometry
with the following data accumulated: body
height (BH) accurate to 0.001 m; body weight
(BW) accurate to 0.001 kg using medical scales.

Body mass index (BMI) was calculated by Que-
telet formula:

BMI = BW/BH?.

Waist circumference (WC) was measured
using a flexible tape at the belly button level
accurate to 0.001 m.

Similar methodologies have been presented
before in recent RCTs [11, 24].

Statistical Analysis

Statistical analysis was done using SPSS version
20.0 (SPSS, Inc., Chicago, Illinois) and Graph-
Pad Prism, version 6.0 (GraphPad Sofware, Inc.,
La Jolla, CA, USA). Quantitative changes were
presented as the mean and standard deviation
(SD). Qualitative changes were presented as
percentages. The Kolmogorov-Smirnov one-
sample test was used to test for normal distri-
bution. Chi-squared was used to estimate the
difference of the generated quantitative data.
Changes in the participants’ outcomes after the
initiation of therapy and end of the trial were

Enrollment

n=140

between Mar 2021 -Jul 2021

Exclude (n=102)

- not meet inclusion/exclusion

criteria (n=32);
- decline to sign informed

Randomisation

S—

} consent (n=28)

Analyzed in ITT (n =34) |

‘ Allocation ’
Allocated to Probiotic group (n =40) Allocated to Placebo group (n =40)
- Received allocated intervention (n = 40) - Received all dinter ion (n =40)
- Did not receive allocated intervention (n =0) - Did not receive allocated intervention (n = 0)
‘ Follow-up ’
Lost to follow up (n=0) Lost to follow up (n=1)
Discontinued intervention (n=6) Discontinued intervention (n=4)
- antibiotic used (n=2) - antibiotic used (n=2)
- -severe COVID-19 (n=3) - severe COVID-19 (n=2)
- -personal reason (n=1)
l L Analysis ’
Excluded from analysis due to non-compliance (n=0) Excluded from analysis due to non-c e(n=1)

| Analyzed in ITT (n = 34)

Fig. 1 Consolidated Standards of Reporting Trials (CONSORT) flow chart: trial protocol
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Table 1 Baseline clinical parameters in examined patients

Parameters Placebo group (» = 34)  Probiotic group (» = 34) p

Age, years 56.93 + 9.88 53.82 £ 9.58 0.242
Duration of T2D, years 13.68 £ 5.50 12.68 + 5.49 0.456
Metformin 50.0 (17) 58.8 (20) 0.465
Metformin daily dosage, mg 1585.29 + 510.44 1637.50 + 495.20 0.755
Sulfonylurcas 29.4 (10) 382 (13) 0.442
Insulin daily dosage, IU 34.50 £ 8.40 34.83 £ 9.78 0.873
Insulin therapy duration, years 461 + 2.67 411 % 2.50 0.429
Basal insulin therapy 382 (13) 353 (12) 0.567
Combination of insulin with oral antidiabetic drug ~ 64.7 (22) 73.5 (25) 0.431

Data are presented as mean £ SD or % (7)

compared by paired sample ¢ tests (intragroup).
Analysis of covariance (ANCOVA) was used to
identify any differences between the two groups
after intervention, adjusting for baseline mea-
surements and confounders (BMI and sex) (in-
tergroup). For primary endpoints we calculated
effect size (ES) as post-intervention mean minus
pre-intervention mean divided by pooled stan-
dard deviation. The value of ES was interpreted
using Cohen’s d as follows: 0.2-0.5, small;
0.5-0.8, medium; and > 0.8, large. The efficacy
analysis was performed on patients who com-
pleted the trial schedule, i.e., per-protocol (PP)
population (n = 80). Approximately 85% of
these patients formed the intention-to-treat
(ITT) population which was used to perform
analysis as a result of the loss of 12 patients
because of non-compliance, COVID-19 pan-
demic, or other criteria.

RESULTS

Patients were recruited into from March 1 until
July 15, 2021, at the Kyiv City Clinical
Endocrinology Center and Endocrinology
Department of Bogomolets National Medical
University. A total of 140 with T2D were
enrolled from local electronic databases for

conversation and assessment of compliance
with the protocol criteria. Thirty-two patients
were ineligible because of lack of protocol-
specified criteria. The main reasons for exclu-
sion were HOMA-B more than 50%, active
COVID-19, and previous use of antibiotics and
novel antidiabetic drugs. Twenty-eight patients
refused to sign the informed consent after we
explained the study’s purpose, methods, and
design. Thus, 80 people with T2D and pancre-
atic B-cell dysfunction were included in the
study. Participants were randomized into two
groups: placebo (n = 40) and probiotic (n = 40).
Overall, ithe ITT analysis included 68 people
with T2D (n = 34, in each group). The main
reasons for per-protocol exclusion are specified
in the CONSORT flow diagram in Fig. 1.

All participants received standard care that
included medical counseling, education in T2D,
and lifestyle advice. Sixty-eight patients
received more than 90% of the prescribed
sachets in the double-blind treatment. One
patient from the probiotic group was excluded
from the study because of non-compliance
(consumed only 62% of sachets). The patients
were satisfied with the organoleptic features;
both additives were tolerated well.

The groups were representative regarding
age, gender, and T2D duration (Table 1). The
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Table 2 Analysis of primary and secondary outcomes with focus carbohydrate metabolism parameters
Parameters Placebo group (» = 34) pl Probiotic group (2 = 34) p2 P3 p4
B-cell function, %B

Baseline value 3451 £ 12.07 32.48 £+ 13.12 0.509

Post-treatment value 38.96 £+ 18.07 0.122 45.71 &+ 25.18 0.003

Mean changes — 445 £+ 16.32 — 13.28 + 2448 0.085
C-peptide, ng/mL

Baseline value 2.69 £+ 1.04 2.63 + 1.03 0.926

Post-treatment value 2.63 £ 091 0.792 2.61 £ 1.09 0.939

Mean changes 0.05 + 1.02 0.02 + 1.01 0.760
Fasting glucose, mmol/L

Baseline value 12.17 £ 2.51 13.03 £ 3.46 0.244

Post-treatment value 11.89 &+ 3.13 0.499 10.66 + 2.63 < 0.001

Mean changes 0.28 + 2.41 2.36 £ 3.57 0.006
Fasting glucose, mg/dL

Baseline value 219.12 + 45.23 234.63 £ 62.36 0.245

Post-treatment value  214.04 £ 56.46 0.500 192.07 £ 47.46 < 0.001

Mean changes 5.08 + 43.46 42.56 + 64.29 0.006
HbAlc, %

Baseline value 8.85 + 1.14 8.86 £ 1.28 0.968

Post-treatment value 8.61 £ 1.15 0.136 8.48 £ 1.22 0.043

Mean changes 0.23 4+ 0.89 0.37 + 1.03 0.558
Sensitivity, %S

Baseline value 41.33 £+ 15.70 38.99 £ 12.70 0.501

Post-treatment value 41.14 + 20.16 0.938 4423 + 16.48 0.084

Mean changes 0.19 £ 14.32 — 523 +17.14 0.155
HOMA2

Baseline value 2.69 £ 0.95 2.85 £ 0.93 0.483

Post-treatment value 278 + 1.07 0.415 2.56 + 0.98 0.087

Mean changes — 0.09 £+ 0.68 0.29 £ 0.95 0.072

Data are presented as mean & SD. p/-2 difference in placebo and probiotic groups before and after intervention (intra-

group analysis), p3 differences between placebo and probiotic groups’ baseline characteristics, p4 difference between groups

throughout the study (ANCOVA intergroup analysis). Significance was stated at p < 0.05
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enrolled patients’ baseline demographic and
clinical characteristics did not significantly dif-
fer between groups (Table 1).

Project participants received standard ther-
apy comprising oral antidiabetic drugs, insulin,
or their combinations. As antidiabetic drugs
such as metformin, peroxisome proliferator-ac-
tivated receptor gamma (PPARy) agonists, o-
glucosidase inhibitors, GLP-1 agonists, DPP4
inhibitors, and sodium/glucose cotransporter
(SGLT) inhibitors can change the gut micro-
biota composition [25, 26], before approving
the research project we considered therapy with
these antidiabetic drugs at least 3 months before
randomization as an exclusion criterion. How-
ever, today, metformin is acknowledged as the
first-line therapy in T2D, so it would be uneth-
ical to exclude it from the participants’ treat-
ment. For our study, we randomly selected
patients who had been on a stable dose of
metformin for at least 4 weeks before starting
the study. We found no significant difference in
the daily average dose between the two groups
(as shown in Table 1). Both groups were similar
regarding the parameters that were used to
measure primary and secondary outcomes
(Table 2).

Primary Outcomes Analysis

The primary outcome was an improvement of p-
cell function as a change %B from baseline to
8-week follow-up after probiotic therapy in
intragroup analysis (Table 2, Fig. 2a). There was
a significant increase of %B (32.48 £+ 13.12 vs
45.71 £ 25.18; p =0.003) after 8 weeks of
treatment period. In the placebo group, the
intervention was associated with non-signifi-
cant improvement of %B (34.51 £ 12.07 vs
38.96 +£ 18.07; p=0.122). Moreover, we
observed medium ES for the probiotic group
(Cohen’s d=0.65) and small for placebo
(Cohen’s d = 0.28). The ES on C-peptide values
in both groups was less than 0.2. On the other
hand, ANCOVA did not show significant dif-
ferences between the mean changes of the pri-
mary endpoint (—4.45 £ 16.32 Vs
— 13.28 £ 24.48; p=0.085). Also, in both
groups, no statistically significant changes were

A p=0.122

(=2}
o
1

w
o
1

B-cell function, %B
'S
T

15
ow 8w ow 8w
Placebo Probiotic
B 8-
p=0.792 p=0.939

(=2}
1

C-peptide, ng/ml
" +

Placebo Probiotic

Fig. 2 Primary outcomes analysis. Individual values at
baseline and after 8 weeks of intervention for P-cell

function (A) and C-peptide (B)

found in the other primary outcome parameter,
namely C-peptide level (Table 2, Fig. 2b).

Secondary Outcomes Analysis

Other indicators also confirm the effectiveness
of probiotic therapy. There were significant
reductions of fasting glucose level (13.03 + 3.46
vs 10.66 + 2.63 mmol/L and 234.63 £+ 62.36 vs
192.07 + 47.46 mg/dL; p < 0.001) and HbAlc
(8.86 £ 1.28 vs 8.48 + 1.22; p =0.043) after
8 weeks of the treatment period by probiotic
(Fig. 3a—c). Improvement in glycemia was also
confirmed in the mean changes of groups by
ANCOVA (0.28 £ 2.41 vs 2.36 + 3.57 mmol/L
and 5.08 £ 43.46 vs 42.56 £+ 64.29 mg/dL;
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A

p<0.001

p=0.499
| — —

N
=3
1
'
A
1=}

-
o
1
©
<«
o
I

]
1
-
(3]
(=]
I

-
=)

Fasting glycemia, mg/dL
N
a
=)

Fasting glycemia, mmol/L

p=0.500
| — |

p<0.001

HbA1c, %

=}
o
1=

ow 3w ow 8w

ow

Placebo Probiotic

8w

Placebo

ow 3w

Placebo Probiotic

Probiotic

Fig. 3 Secondary outcomes analysis: glycemic parameters. Data expressed as individual values at baseline and after 8 weeks
of intervention. A Fasting glycemia in mmol/L; B fasting glycemia in mg/dL; C HbAlc

p = 0.006). In the placebo group, these param-
eters change insignificantly after treatment. In
both groups, the intervention did not signifi-
cantly influence insulin sensitivity (Table 2,
Fig. 4a, b).

In the context of the secondary outcomes
analysis, changes in anthropometric indices
were investigated. The main anthropometric
parameters assessed showed a significant
reduction of WC in the probiotic group from
98.32 £ 10.47 to 9792 +£9.99 (p=0.039)
(Table 3, Fig.5c). BW and BMI within both
intervention groups changed insignificantly
(Fig. 5a, b). In the between-group analysis, the
mean changes from the baseline were com-
pared, and all anthropometric variables chan-
ged insignificantly (Table 3).

Probiotic therapy had a significant effect on
the chronic systemic inflammation in people

p=0.938
150 —
p=0.084
x —
9 1004
2
=
b=
2 504
[
(/7]
et
0
ow 8w ow 8w
Placebo Probiotic

with T2D. In the probiotic group, there were
statistically significantly decreases in IL-1
(35.34 £ 19.60 vs 30.15 £+ 14.79; p = 0.008),
TNFo  (44.41 +£18.21 vs  38.73 £+ 18.28;
p=0.001), and INFy (191.80 +65.74 s
177.56 + 53.46; p = 0.028) (Table 4, Fig. 6). The
concentration of IL-8 statistically did not
change in both groups after intervention. On
the other hand, the IL-6 level significantly
decreased in both probiotic (20.69 + 11.88 vs
16.88 £ 10.10; p=0.017) and  placebo
(17.90 £ 11.64 vs 15.07 £9.52; p =0.048)
groups after 8 weeks of treatment (Table 4,
Fig. 7). It was accompanied by a significant
reduction of proinflammatory cytokines within
intergroup comparison during the treatment,
namely IL-1B (p = 0.045) and TNFa (p = 0.003)
correspondingly (Table 4).
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Fig. 4 Secondary outcomes analysis: insulin sensitivity. Data expressed as individual values at baseline and after 8 weeks of

intervention. A Insulin sensitivity (%S); B HOMA2-IR
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Table 3 Analysis of anthropometric secondary outcomes

Parameters Placebo group (» = 34) pl Probiotic group (2 = 34)  p2 3 p4
BMI, kg/m?

Baseline value 32.57 £ 6.16 31.92 £+ 4.96 0.631

Post-treatment value 32.66 £ 6.29 0423  31.89 + 497 0.765

Mean changes — 0.08 £ 0.59 0.03 £+ 0.48 0.415
Weight, kg

Baseline value 96.09 £ 17.87 93.41 £+ 15.07 0.506

Post-treatment value 96.41 £ 18.55 0.276 93.34 £+ 15.28 0.783

Mean changes — 032 £ 1.68 0.06 £+ 1.39 0.308
WC, cm

Baseline value 97.41 £ 7.26 98.32 4+ 10.47 0.678

Post-treatment value 97.25 £ 7.13 0403 9792 £ 9.99 0.039

Mean changes 0.16 £+ 1.11 0.39 & 3.57 0.457

Data are presented as mean % SD. p/-2 difference in placebo and probiotic groups before and after intervention (intra-

group analysis), p3 differences between placebo and probiotic groups’ baseline characteristics, p4 difference between groups
throughout the study (ANCOVA intergroup analysis). Significance was stated at p < 0.05

Adverse Events

Five patients discontinued the study perma-
nently as a result of COVID-19-associated
pneumonia which required hospitalization and
oxygen therapy. These AEs were stated as seri-
ous, but not related to intervention. The main
reported AEs were gastrointestinal complaints,
which were transient and mild in their inten-
sity. In the probiotic group, five patient expe-
rienced AE (short-term increase in abdominal
pain and bloating, n = 2; diarrhea, n = 2; and
constipation, n = 1). AEs reported by patients
receiving placebo were nausea (n = 1), heart-
burn (n = 2), and transient diarrhea (n = 2). The
overall incidence of AEs, including COVID-19
complications, was the same in both groups and
constituted 20.5%.

DISCUSSION

Modern studies of the relationship between the
human microbiome and the state of health of

the host make it possible to develop new
methods of treatment for various diseases.
Dysbiosis relates to increased gut permeability,
which results in elevated levels of bacterial
endotoxins such as lipopolysaccharides (LPS)
and thus increasing inflammation. Chronic
inflammation leads to different metabolic dis-
ease: TD2, metabolic syndrome, obesity, and
insulin resistance [27-31]. Today, a lot of data
has appeared indicating a direct relationship
between gut microbiota changes and the
development of T2D [32-34]. However, evi-
dence-based probiotic efficacy on pancreatic p-
cell function in people with T2D is lacking.
The inability of B-cells to produce enough
insulin in response to glycemic load leads to
T2D. Pancreatic cells lose their activity as a
result of a decrease in the number of cells
themselves and a decrease in their function
[35]. It is well known that the various pathways
act synergistically to result in B-cell dysfunction
[36]. Therefore, by regulating the microbiome,
it is possible to improve the carbohydrate
metabolism of the host [37]. This can be done
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Fig. 5 Sccondary outcomes analysis: anthropometric
parameters (A body weight; B body mass index; C waist
circumference). A—~C Within-group analysis of changes at
baseline and after intervention. Data expressed as individ-
ual values at baseline and 8 weeks

through the use of probiotics [38]. Moreover,
antibiotic therapy is directly connected with a
higher risk of several diseases, including T2D
[39, 40]. In vivo and in vitro diet-induced T2D
models were used to study the molecular effects
of the gut microbial metabolite trimethylamine
N-oxide (TMAO) on functional B-cell mass.
TMAO normalized glucolipotoxicity-mediated
damage in B-cells and primary islet function
[41]. It was found that gut microbial metabo-
lites of dietary flavonoids (hippuric acid, HA;
homovanillic acid, HVA; and 5-phenylvaleric
acid, 5SPVA) exert potent protective activities in
B-cells [42]. All metabolites increased glucose-
stimulated insulin secretion (GSIS) but did not
influence B-cell mitochondrial respiration or
components of the mitochondrial electron
transport chain [42]. A study in olanzapine-in-
duced diabetic mice reported improved insulin
sensitivity and glucose tolerance by downregu-
lating phosphoenolpyruvate carboxykinase
(PEPCK) and G6PC [43]. Experiments also
showed that multistrain probiotic (Probioglu™)
administration increased the B-cell mass and
decreased inflammation and oxidative stress
[44]. However, the researchers point to the need
for clinical trials to confirm the established
effects of the probiotic supplement.

Before in our clinical investigation, it was
found that people with obesity and T2D who
used a multistrain probiotic for 8 weeks experi-
enced significant reductions in HOMA-IR, BW,
BMI, waist circumference, and cytokine content
(TNFa, IL-1B, IL-6). However, only reductions in
waist circumference and serum levels of TNFa
and IL-1p were confirmed in an ANCOVA
intergroup analysis. The glycemic control
parameters did not show statistically significant
differences in intra- or intergroup analysis. A
sub-analysis was conducted, focusing on chan-
ges in HbAlc based on the patient’s response to
treatment in each group. A positive effect was
observed in patients with decreased HOMA-IR,
and a significant reduction in HbAlc was found
only in respondents from the probiotic therapy
group [45]. This RCT assessed the efficacy and
safety of a live multistrain probiotic in manag-
ing T2D by estimation of B-cell function. Sup-
plementation with live multiprobiotic was
associated with significant improvement of (-
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Table 4 Cytokine profile in patients with T2D

Parameters Placebo group (» = 34) pl Probiotic group (z = 34)  p2 3 p4
IL-1PB, pg/mL

Baseline value 32.96 + 19.13 35.34 + 19.60 0.615

Post-treatment value  32.46 £+ 1691 0.713  30.15 £ 14.79 0.008

Mean changes 0.50 £ 7.93 5.19 + 10.73 0.045
TNFa, pg/mL

Baseline value 38.19 + 9.54 4441 £+ 18.21 0.083

Post-treatment value  38.64 + 9.03 0.756 3873 £+ 18.28 0.001

Mean changes — 0.45 + 8.39 5.67 + 8.24 0.003
IL-8, pg/mL

Baseline value 58.90 + 36.36 59.89 + 27.93 0.900

Post-treatment value ~ 59.04 + 41.56 0.965  58.96 + 28.54 0.619

Mean changes — 0.14 £+ 18.45 0.92 £+ 10.71 0.772
IL-6, pg/mL

Baseline value 17.90 £+ 11.64 20.69 £+ 11.88 0.331

Post-treatment value  15.07 £ 9.52 0.048 16.88 £ 10.10 0.017

Mean changes 2.83 £+ 8.04 3.80 + 8.87 0.636
INFy, pg/mL

Baseline value 167.95 £ 52.70 191.80 + 65.74 0.104

Post-treatment value  153.35 £ 52.01 0.220  177.56 £ 53.46 0.028

Mean changes 0.21 % 40.65 14.23 £ 36.05 0.167

Data are presented as mean & SD

pI-2 difference in placebo and probiotic groups before and after intervention (intragroup analysis), p3 differences between
placebo and probiotic groups baseline characteristics, p4 difference between groups throughout the study (ANCOVA
intergroup analysis). Significance was stated at p < 0.05

cell function and fasting glycemia. Prebiotic
metabolites exert potent protective activities in
B-cells and enhanced glucose-stimulated insulin
secretion [42, 46]. Short-chain fatty acids
(SCFAs), in the main acetate, butyrate and pro-
pionate, are synthesized through bacterial fer-
mentative processes of dietary carbohydrates by
such strains as Bacteroidales S24-7, Parabac-
teroides, Mucispirillum, and Coprococcus [47].
SCFAs are signaling and energy molecules in the
bowel and peripheral organs. They regulate

energy and glucose homeostasis [48, 49]. Buty-
rate improves insulin sensitivity and acetate
modulates secretion of insulin from pancreatic
B-cells [50]. Extensive studies have been carried
out to understand the mechanisms responsible
for initiating the functionalities of these SCFAs
toward body tissues, which greatly involves the
SCFA-specific receptors free fatty acid receptor 2
(FFAR2) and free fatty acid receptor 3 (FFAR3).
SCFA signaling by FFA2 and FFA3 is known now
to affect not only insulin secretion but also B-
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Fig. 6 Sccondary outcomes analysis: pro-inflammatory
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Fig. 7 Changes of IL-6 at baseline and after 8-weck of
intervention. Data expressed as individual values

cell survival and proliferation and represents an
exciting novel link between the gut microbiota
and the B-cells [51, 52].
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after intervention. Data expressed as individual values at
baseline and 8-week

For several decades, it has been believed that
increased inflammatory tone greatly affects
glucose metabolism. Chronic inflammation is
accompanied by oxidative stress which results
in B-cell dysfunction and a-cell expansion in the
pancreas, which lead to the progression of T2D
in obese subjects, and gut microbiota influences
the secretion of proinflammatory cytokines
[53-55]. It is known that gut bacteria can indi-
rectly stimulate proinflammatory cytokine pro-
duction by the host through their metabolites
or reduce inflammation by synthesizing anti-
inflammatory substances [56]. Indeed, the pre-
sent study found that inflammatory biomarkers
(IL-1B, TNFa, IL-6, INFy) improved after using a
live multistrain probiotic supplement compared
to the placebo.

To our knowledge, the current study is the
first to assess the effect of probiotic supplement
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on pancreatic p-cell function as a primary end-
point in T2D. Previously, several preclinical
studies reported that immunomodulatory pro-
biotic effects may be beneficial for B-cell sur-
vival and regeneration in T1D animal models
[57, 58]. Administration of IRTS5 (Lactobacillus
acidophilus, Lactobacillus casei, Lactobacillus reu-
teri, Bifidobacterium bifidium, Streptococcus ther-
mophiles) to non-obese diabetic (NOD) mice, a
classical animal model of human T1D, reduced
insulitis score, but conversely increased B-cell
mass and led to significantly lower incidence of
diabetes [57]. Consuming IRTS5 decreases
intestinal permeability substantially. Addition-
ally, it increased the percentage of gut-homing
receptor-expressing CCR9* regulatory T (Treg)
cells in both the pancreatic lymph nodes (PLNs)
and the lamina propria of the small intestine
(SI-LP) [S7]. This study offers a new under-
standing of how IL-10 affects neutrophils and
CD4" Tcells in BDC2.57 NOD mice and
demonstrates the significant connection
between gut microbiota and neutrophils in the
development of T1D [58]. Bedi et al. discovered
significant similarities between human and
bacterial glutamic acid decarboxylase (GAD). As
a result, these immune cells may attack human
B-cells, ultimately causing the development of
T1D [59]. Conversely, it was found that Lacto-
bacillus thamnosus GG and Bifidobacterium lactis
BB-12 did not significantly preserve the
remaining pancreatic pB-cell function in children
recently diagnosed with T1D [60].

Probiotic therapy is considered a promising
approach to manage metabolic disorders. It
works by restoring the composition and health
of the microbiota and impacting specific
mechanisms to maintain overall health. This
therapy is safe, with minimal side effects, and
can be used for an extended period. It may help
regulate glucose metabolism, enhance B-cell
function, and reduce chronic inflammation in
individuals with T2D.

The main limitation of this study was the
unidentified composition of the intestinal
microbiota in view of defining the personalized
impact upon the changes of metabolic param-
eters. Furthermore, we did not estimate any
changes of the levels SCFAs: this could help find
out the links between the use of probiotics and

pancreatic B-cell function improvement. The
latter should be taken into consideration in
future studies.

CONCLUSION

Probiotic therapies have a slight positive effect
on the function of B-cells in individuals with
T2D. This highlights the potential of modulat-
ing the gut microbiota as a new form of diabetes
treatment, which should be further explored
through extensive studies.
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