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ABSTRACT

Aims/Introduction: Metformin is associated with the risk of gastrointestinal complica-
tions, and probiotic Bifidobacterium bifidum G9-1 (BBG9-1) can improve the symptoms of
diarrhea. This study aimed to clarify the effects of probiotic BBG9-1 on the gastrointestinal
symptoms of type 2 diabetes mellitus patients using metformin.

Materials and methods: In this open-label single-arm exploratory study, 40 patients
(mean age 64.0 £ 94 years) were given probiotic BBG9-1 for 10 weeks. Changes in the
gastrointestinal symptom rating scale total score, which was the primary end-point, gas-
trointestinal symptom rating scale subscale scores, glycated hemoglobin levels and gut
microbiota after the administration of probiotic BBG9-1 were evaluated by the Student’s
t-test.

Results: The gastrointestinal symptom rating scale total score significantly improved
(from 202 + 051 to 1.59 043, change, —043 + 049, P < 0.001). Furthermore, all gas-
trointestinal symptom rating scale subscale scores, including diarrhea (from 232 £ 1.14 to
1.89 £ 0.99, change, —042 £ 0.95, P = 0.007) and constipation (from 3.00 + 1.16 to

220 £ 1.07, change, —0.80 £ 1.19, P < 0.001), scores also significantly improved. However,
the glycated hemoglobin levels did not change (from 7.0 £ 0.7 to 7.0 £ 06%, change,
00 £ 04, P = 091). The relative abundance of the genus Sutterella decreased by the use
of probiotic BBG9-1 (from 0011 £ 0.009 to 0.008 £+ 0.006, change, —0.003 £ 0.006,

P = 0002).

Conclusions: Type 2 diabetes mellitus patients treated with metformin showed signifi-
cant improvement in all gastrointestinal symptom rating scores after using probiotic
BBG9-1 without changing the glucose control. This study showed the potential usefulness
of probiotic BBGY-1 for improving gastrointestinal symptoms, including constipation and
diarrhea, in type 2 diabetes mellitus patients treated with metformin.

INTRODUCTION
The number of patients with type 2 diabetes is increasing
worldwide', with the number of patients in Japan exceeding
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10 million”. Microvascular and macrovascular complications
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are well-known complications of this disease’. Furthermore,
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various gastrointestinal diseases, such as reflux esophagitis, con-
stipation and diarrhea, are also present in patients with type 2
diabetes mellitus™*. Previous studies have shown that 75% of
patients with diabetes have gastrointestinal complications, of
which 10-60% have constipation and 20% have diarrhea®’.
Moreover, the use of metformin is associated with an increased
risk of gastrointestinal complications®. Thus, many patients
with type 2 diabetes discontinue metformin use, despite its
hypoglycemic and protective effects against cardiovascular
events'.

Recently, the relationship between gut microbiota and type 2
diabetes mellitus has become clearer*”''. Many dietary supple-
ments have been marketed to improve dysbiosis'>">. However,
there is little evidence of the effectiveness of these diets and
supplements on the gut microbiota. Probiotic bifidobacteria
have been reported to improve the symptoms of constipation
and diarrhea in individuals without diabetes'* . Furthermore,
a recent animal model study showed that the probiotic Bifi-
dobacterium bifidum G9-1 (BBG9-1) improved the symptoms
of diarrhea caused by metformin'’. Based on these findings, we
hypothesized that probiotic bifidobacteria could improve gas-
trointestinal complications, especially constipation and diarrhea,
in type 2 diabetes patients treated with metformin; however,
there have been no previous studies examining this. Therefore,
we carried out the present study to investigate the effects of the
probiotic BBG9-1 on the gastrointestinal complications in

type 2 diabetes patients treated with metformin'®,

MATERIALS AND METHODS

Study design, ethics approval and consent to participate

This study was an open-label, single-arm, exploratory study
(Effect of Probiotics, Bifidobacteria, on Gastrointestinal Symp-
toms in Patients with Type 2 Diabetes Mellitus; Open-label,
Single-Arm, Exploratory Research [Big STAR study]). The
detailed protocol of the Big STAR study has been published
previously'®.

The present study was registered with the Japan Registry of
Clinical Trials (JRCTs051190109), and was approved by the
ethics committee of the Kyoto Prefectural University of Medi-
cine (CRB5180001). This study was carried out in accordance
with the Declaration of Helsinki, and written informed consent
was obtained from all participants.

Between 8 April 2020 and 19 August 2020, we registered the
study participants at Kyoto Prefectural University of Medicine
(Kyoto, Japan).

Study participants

The inclusion criteria for this study were as follows: (i) symp-
toms of constipation or diarrhea; (ii) gastrointestinal symptom
rating scale (GSRS) subscale score (diarrhea or constipation)
>3; (iii) type 2 diabetes without diabetic polyneuropathy; (iv)
taking metformin and less than four antidiabetic agents; (v) no
use of antibiotics within 12 weeks before consenting to partici-
pate in the study; (vi) no new diet therapy interventions within

http://wileyonlinelibrary.com/journal/jdi

12 weeks before consenting to participate; (vii) no changes in
concomitant medications within 12 weeks before consenting to
participate; (viii) age >20 years and <75 years at the time of
providing consent; and (ix) provision of written informed con-
sent.

The exclusion criteria of this study were as follows: (i) aver-
age weekly defecation frequency of <1 or >42 times in the
month before consenting to participate in the study; (i) struc-
tural colon diseases diagnosed by colonoscopy in the 5 years
before consenting to participate; (iii) celiac disease or inflamma-
tory bowel diseases; (iv) glycated hemoglobin (HbAlc) >9% at
the time of providing consent; (v) history of newly myocardial
infarction, cerebral infarction or stroke within 12 weeks before
consenting to participate; (vi) severe liver dysfunction; (vii) sev-
ere renal dysfunction; (viii) having active malignant neoplasm;
(ix) history of bifidobacterial allergy; (x) use of any other medi-
cations or supplements that affect intestinal function; (xi) use
of glucagon-like peptide-1 receptor agonists or medications that
have a high likelihood of causing gastrointestinal symptoms;
(xii) routine consumption of foods, supplements, or pharma-
ceutical agents including bifidobacteria; and (xiii) other condi-
tions that were deemed not appropriate to participants by the
investigator or researcher.

Intervention

The outline of enrollment and follow-up visits is shown in Fig-
ure 1. Briefly, (i) the participants were selected based on the
aforementioned inclusion/exclusion criteria, and provisional reg-
istration was carried out after written informed consent was
obtained; (ii) observation 0 (pre-observation): within 6 weeks of
obtaining written informed consent from the participants, a
pre-observation survey was carried out, and registration was
initiated; (iii) observation 1 (before treatment observation):
within 8 weeks of obtaining written informed consent, baseline
examination was carried out, and probiotic BBG9-1 oral
administration (Biofermin® tablets, containing 12 mg of bifi-
dobacterial, 6 tablets 3 times per day) was started; (iv) observa-
tion 2 (10 weeks + 2 weeks  after  probiotic = BBG9-1
administration; after treatment observation): the examinations,
which were the same as the baseline examinations, were carried
out, and probiotic BBG9-1 administration was stopped; (v)
observation 3 (12 weeks & 2 weeks after probiotic BBGY-1
administration; after treatment observation): a survey was car-
ried out using the GSRS and Bristol Stool Scale. As previous
studies showed that the probiotic taken internally have not
been detected within a week or two weeks'>*. During the time
from observation 1 to observation 3, all participants were asked
to complete the Bristol Stool Scale and feces questionnaire con-
dition daily.

Data collection

Table S1 shows the protocol of data sampling schedule.
Baseline characteristics of study participants, sex, age, dura-

tion of diabetes, height, smoking, alcohol, medications for
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Figure 1 | Outline of enrollment and follow-up visits.

diabetes, hypertension, dyslipidemia and concomitant disease
were gathered. Body mass index was calculated as weight in
kilograms divided by height in meters squared. Venous blood
sampling was carried out to collect the HbAlc level and fasting
plasma glucose data.

GSRS was used to evaluate the gastrointestinal symptoms®'.
The GSRS assesses five symptom scores, including acid reflux,
abdominal pain, constipation, diarrhea and indigestion, and a
total score, using 15 disease-specific instruments. The GSRS is
rated on a 7-point scale, with 1 representing no troublesome
symptoms and 7 representing very troublesome symptoms. The
Bristol Stool Scale, which classifies stool into seven categories,
was used to evaluate the consistency and shape'® of the stool:
(i) nut-like; (i) lumpy sausage; (iii) sausage with cracks; (iv)
smooth snake; (v) soft blobs; (vi) fluffy pieces; and (vii) watery.
The Bristol Stool Scale score for each observation was the mean
of the scores recorded 5 days before and after the start date of
each observation.

The safety evaluation assessed the occurrence of adverse
events, including various clinical laboratory abnormalities and
drug side-effects, by physicians at observation points.

Gut microbiota analysis
Collection of fecal sample and analysis of gut microbiota com-
position were carried out using a previously described
method®. Fecal samples were collected in a guanidine thio-
cyanate solution (feces collection kit; Techno Suruga Labora-
tory, Shizuoka, Japan).

Isolation of genomic deoxyribonucleic acid (DNA) was car-
ried out by the Nucleospin Microbial DNA kit (Macherey-
Nagel, Diiren, Germany) according to the manufacturer’s

instructions. The distillation of extracted DNA was carried out
by Agencourt AMPure XP (Beckman Coulter, Brea, CA, USA).
Analysis of DNA was carried out by 16S ribosomal ribonu-
cleic acid metagenomic sequencing using the MiSeq platform
(Ilumina, San Diego, CA, USA) at the Biomedical Center at
Takara Bio (Shiga, Japan). To obtain sequence libraries, two-
step polymerase chain reaction was carried out for purification
of DNA samples. For the first polymerase chain reaction,
amplification was carried out using 16S (V3-V4). Metagenomic
library construction kit for NGS (Takara Bio Inc., Shiga, Japan)
with primer pairs 341F (5-TCGTCGGCAGCGTCAGAT
GTGTATAAGAGACAGCCTACGGGNGGCWGCAG-3) and
806R (5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGAC
AGGGACTACHVGGGTWTCTAAT-3') corresponding to the
V3-V4 region of the 16S ribosomal ribonucleic acid gene. For
the second polymerase chain reaction, adding the index
sequences for the Illumina sequencer with a barcode sequence
was carried out using the Nextera XT index kit (Illumina, San
Diego, CA, USA). The prepared libraries were sequenced for
250 paired-end bases using the MiSeq Reagent v3 kit and
MiSeq (Illumina) at the Biomedical Center at Takara Bio.
Filtering of quality and chimeric variant were carried out
using the DADA?2 plugin of Quantitative Insights into Micro-
bial Ecology 2*°. Operational taxonomic unit numbers were
constructed by clustering with a 99% identity threshold. Using
VSEARCH with >99% identity, the representative reads for
each operational taxonomic unit were designated to the 16S
ribosomal ribonucleic acid gene database**. Comparison of each
taxon in the gut microbiome was carried out at the phylum
and genus levels. Evaluation of alpha diversity was carried out
by the Shannon index, observed operational taxonomic units
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number, Chaol index and Faith’s phylogenetic diversity. Evalu-
ation of beta diversity was carried out by computing the
weighted and unweighted UniFrac distances between samples.
Reducing the dimension of the distance matrix and comparing
the differences in the overall bacterial gut microbiome structure
was carried out by principal coordinates analysis.

End-points
The primary end-point of the present study was the change in
the GSRS total score from observation 1 to observation 2.
Secondary end-points were as follows: (i) change in the
GSRS subscale scores, Bristol Stool Scale score, HbAlc level,
fasting plasma glucose and gut microbiota from observation 1
to observation 2; (ii) change in the GSRS scores from observa-
tion 1 to observation 3; (iii) correlation between the changes in
the GSRS total score from observation 1 to observation 2 and
changes in other parameters from observation 1 to observa-
tion 2; and (iv) changes in the GSRS total score or HbAlc level
from observation 1 to observation 2 among the subgroups: (a)
age >65 years or not, (b) sex, (c) body mass index >25 kg/m*
or not, and (d) gastrointestinal symptoms, constipation and
diarrhea, or none. Furthermore, as an ad hoc analysis, (v)
changes in the GSRS total score or HbAlc level from observa-
tion 1 to observation 2 among the subgroup of metformin
>1,000 mg or not.

Sample size

This was an exploratory study. The feasibility of the target
number of cases to be enrolled was based on the number of
cases in previous studies™>?.

Statistical analysis

A full analysis set (FAS) was used for the primary and sec-
ondary end-points and safety analysis, and a per-protocol set
(PPS) was carried out for the primary end-point. SAS version
94 (SAS Institute, Cary, NC, USA) was used for Windows 10,
except the changes in GSRS total score or HbAlc level of met-
formin >1,000 mg or not. A P-value of <5% was considered
statistically significant.

The FAS group consisted of all study populations enrolled in
the present study, excluding individuals who did not meet the
eligibility criteria or individuals who were enrolled after the
number of registrants reached the specified number. The PPS
group included participants other than those excluded from the
FAS group, who did not meet the eligibility criteria, were
administered prohibited drugs or had medication adherence of
<75%.

Categorical variables are expressed as the number of cases,
and continuous variables are expressed as the mean * standard
deviation.

The change in each variable was calculated as observation 2
or observation 3 data and observation 1 data. The primary and
secondary end-points, except for the Bristol Stool Scale score,
were evaluated using Student’s f-test. Changes in the Bristol
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Stool Scale scores were evaluated using the Wilcoxon signed-
rank test. Correlations were evaluated using Spearman’s rank
correlation coefficient.

In addition, as an ad hoc analysis, to compare the difference
of GSRS total scores among observations 1, 2 and 3, the mixed-
effects model for repeated measures with time as fixed effects
were carried out, and an unstructured covariate was used to
model the covariance of within-subject variability. The changes
in GSRS total score or HbAlc level from observation 1 to
observation 2 among the subgroup of metformin >1,000 mg or
not were evaluated by Student’s t-test using JMP version 13.2.1
(SAS Institute Inc., Cary, NC, USA) for statistical analyses.

As the Bristol Stool Scale score of 4 was known as an ideal
stool, we checked the proportion of Bristol Stool Scale score
>3.5 to <4.5, for each observation point and evaluated the dif-
ference by the McNemar test, as an ad hoc analysis.

Regarding B-diversity, based on the Unifrac distance matrix,
a Monte Carlo two-sample ¢-test was carried out.

For the safety analysis, all adverse events were listed.

RESULTS

Participants

The inclusion and exclusion criteria of this study are shown in
Figure 2. Among the 42 patients provisionally registered, two
patients were excluded (one patient did not meet the eligibility
criteria and one patient was enrolled after the number of regis-
trants reached the specified number). In addition, among the
40 patients in the FAS group, four patients were excluded; thus,
36 patients were included in the PPS group.

The baseline characteristics of the study participants in the
FAS group are shown in Table 1. Mean age, body mass index
and duration of diabetes were 64.0 £ 9.4 years, 25.0 £+ 3.9 kg/
m* and 11.8 * 8.2 years, respectively. In addition, the mean
metformin dose was 875 * 392 mg.

Change in the GSRS total score using probiotic BBG9-1

The changes in the GSRS scores in the FAS group are shown
in Table 2. The GSRS total score from observation 1 to obser-
vation 2, which was the primary end-point of the present
study, significantly improved by the use of probiotic BBG9-1
(from 202+ 051 to 1.59+ 043, change, —0.43 + 049,
P < 0.001). The GSRS total score from observation 1 to obser-
vation 2 in the PPS group (n = 36) also significantly improved
by the use of probiotic BBG9-1 (from 2.02+ 052 to
1.58 + 0.45, change, —0.44 £ 0.50, P < 0.001). The results of
the mixed-effects model for repeated measures are shown in
Table S2. The results of the test among observations 1, 2 and 3
were significant, and the results were almost the same as the
results in Table 2.

Changes in the GSRS subscale scores, Bristol Stool Scale score
and glycemic control using probiotic BBG9-1

The GSRS subscale scores, including diarrhea score (from
232+ 1.14 to 1.89 £0.99, change, —0.42 + 0.95, P = 0.007)
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Figure 2 | Inclusion and exclusion flow. FAS, full analysis set; PPS, per-protocol set.

Table 1 | Baseline characteristics of study participants of full analysis set

group
n 40

Age (years) 640 + 94
Sex (men/women) 26/14
Duration of diabetes (years) 118+ 82
Height (cm) 1635 £ 87
Body weight, kg (n = 38) 676+ 127
Body mass index, kg/m? (n = 38) 250+ 39
Smoking (never/past/current smoker) 20/14/6
Alcohol consumption (no/yes) 21/19
Retinopathy, no/yes (n = 35) 29/6
Nephropathy, normo/micro/macroalbuminuria (n = 39) 23/13/3
Metformin dosage (mg) 875 + 392
Sulfonylurea (no/yes) 30/10
Thiazolidine (no/yes) 40/0
a-Glucosidase inhibitor (no/yes) 37/3
Dipeptidyl peptidase-4 inhibitor (no/yes) 16/24
Sodium glucose cotransporter-2 inhibitor (no/yes) 25/15
Insulin (no/yes) 36/4
Antihypertension medication (no/yes) 2119
Dyslipidemia medication (no/yes) 26/14

and constipation score (from 3.00 £ 1.16 to 220 £ 1.07,
change, —0.80 £ 1.19, P < 0.001), from observation 1 to obser-
vation 2, also significantly improved by the use of probiotic
BBGY-1. Furthermore, the improvements in the total score
(change, —0.25 * 0.50, P = 0.003), diarrhea score (change, —
0.32 £ 092, P=0.034) and constipation score (change, —
0.68 + 1.13, P < 0.001) were sustained at least until observa-
tion 3, 2 weeks after probiotic BBG9-1 discontinuation.

The Bristol Stool Scale score did not change (change from
observation 1 to observation 2: 0.06 £ 0.57, P = 0.44; change
from observation 1 to observation 3: 0.16 + 0.69, P = 0.14;
Figure 3). In contrast, according to the ad hoc analysis, the
proportions of the Bristol Stool Scale score >3.5 to <4.5, which
is an ideal fecal condition, tended to be increased by probiotic
BBG9-1 discontinuation (47.4% in observation 1, 60.5% in
observation 2 [P =0.23], and 649% in observation 3
[P = 0.06]; Figure 3).

The HbAlc and fasting plasma glucose levels were not chan-
ged by the use of the probiotic BBG9-1 (Table 3).

Changes in the gut microbiota

The a-diversity did not show a significant difference before and
after the use of probiotic BBG9-1 (Figure 4). In addition, the
B-diversity did not show a significant difference before and
after the use of probiotic BBG9-1 (Figure 5).

Changes in the phylum levels are shown in Figure 6. With
the use of probiotic BBG9-1, the relative abundance of phylum
Firmicutes increased (from 057 =0.12 to 0.61 * 0.11,
P =0.013) and phylum Bacteroidetes decreased (from
0.26 £ 0.10 to 0.22 £ 0.09, P = 0.045).

Changes in the top 30 gut microbiota genera are shown in
Table 4. The relative abundance of the genus Sutterella
decreased by the wuse of the probiotic BBGY9-1 (from
0.011 % 0.009 to 0.008 % 0.006, P = 0.002).

Correlation between the changes in the GSRS total score and
other parameters

The correlation between the changes in the GSRS total score
and other parameters is shown in Table 5. Changes in the
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Table 2 | Change in gastrointestinal symptom rating scale scores among full analysis set group

GSRS scores Observation 1 Observation 2 Change between P Observation 3 Change between P
n =40 n =40 observation 1 and n=39 observation 1 and
observation 2 observation 3

Total score 202 £ 051 159 £ 043 —043 £ 049 <0.001 1.76 £ 048 — 025+ 050 0.003
Acid reflux score 161 £ 080 120 £ 042 -041 £+ 080 0.002 138 £ 048 =019+ 075 0.12
Abdominal pain score 132 £ 051 111 £ 025 —022 £ 047 0.006 121 £ 036 —0.10 £ 058 0.28
Indigestion score 186 £ 0.72 155 £ 059 —031 £ 0.71 0.009 190 £ 063 003 £ 069 0.77
Diarrhea score 232+ 1.14 1.89 £ 099 —042 + 095 0.007 199 + 104 —032 + 092 0034
Constipation score 300+ 1.16 220+ 107 —080 £ 1.19 <0.001 232+ 115 —068 + 1.13 <0.001

Student’s t-tests were carried out to assess statistical significance. GSRS, gastrointestinal symptom rating scale.

P=014
P=044
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Figure 3 | Change in Bristol Stool Scale score before and after the use of the probiotic Bifidobacterium bifidum G9-1. (a) The Bristol Stool Scale
scores of observation 1 (n = 38), observation 2 (n = 38) and observation 3 (n = 37) are shown. Change in Bristol Stool Scale score was
evaluated using Wilcoxon signed-rank test. (b) The differences in the proportions of Bristol Stool Scale scores >3.5 to <4.5 were evaluated by
the McNemar test.

Table 3 | Change in glycated hemoglobin and fasting plasma glucose among full analysis set group

Observation 1 Observation 2 Change P

HbATc (%) 70x07 70 £ 06 00 £ 04 091
(n = 40) (n = 40) (n = 40)

HbATc (mmol/mol) 531+ 75 532+ 68 0.1t 44 091
(n = 40) (n = 40) (n = 40)

Fasting plasma glucose (mg/dL) 1309 £ 218 136.5 £ 246 44 £ 283 050
(n=25) (n =28 (n=19

Student's t-tests were carried out to assess statistical significance. HbA1c, glycated hemoglobin.

HbAlc and fasting plasma glucose levels tended to be corre-  Subgroup analysis
lated with changes in the GSRS total score, although this did  The results of the subgroup analyses are shown in Table 6. The
not reach statistical significance. GSRS total score from observation 1 to observation 2 was
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Figure 4 | The o-diversity comparisons between before and after use of the probiotic Bifidobacterium bifidum G9-1. (a) Observed operational
taxonomic units (OTUs) number, (b) Faith's Phylogenetic Diversity, () Chaol index and (d) Shannon index. The analyses were carried out among a
full analysis set group (n = 40). The differences between the groups were evaluated using Student’s t-test, with no significant differences being
found.
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Figure 5 | Principal coordinates analysis of the gut microbiota fecal diversity between before and after use of probiotic Bifidobacterium bifidum G9-
1. (@ Unweighted UniFrac metrics and (b) weighted Unifrac metrics. The analyses were carried out among a full analysis set group (n = 40). Based
on the Unifrac distance matrix, a Monte Carlo two-sample t-test was carried out. There was no significant difference between the mean
unweighted UniFrac distances for before-before and that for before-after (P = 1.00) and that for after-after and that for before-after (P = 0.589).
There was no significant difference between the mean weighted UniFrac distances for before-before and that for before-after (P = 0.06) and that
for after-after and that for before-after (P = 0.669). Blue circle represents before use of probiotic Bifidobacterium bifidum G9-1 and red circle
represents after use of probiotic Bifidobacterium bifidum G9-1.

significantly improved by the use of probiotic BBG9-1 among P = 0.033). Among the participants taking metformin
all subgroups. In addition, the HbAlc level improved from <1,000 mg (n = 19), the GSRS total score (—0.24 + 0.44,
observation 1 to observation 2 among women (-1.7 £2.7%, P = 0.170) and HbAlc did not changed (0.1 £ 04, P = 0.707).
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2 051 =3 k__Bacteria;p__Proteobacteria
% B k__ Bacteria;p__Actinobacteria
& mm k__Bacteria;p__Bacteroidetes
mm k__Bacteria;p__Firmicutes
0.0-
Before After
p__Firmicutes 0.57£0.12 0.61£0.11 p=0013
p__Bacteroidetes 026 +0.10 0.22 £0.09 p =0.045
p__Actinobacteria 0.10 £0.09 0.09 +0.06 p =049
p__Proteobacteria 0.05 +0.04 0.05 £0.06 p=0.70
p__Verrucomicrobia 0.02 +0.06 0.02 £0.06 p=0.866
p__Fusobacteria 0.007 £0.022 0.004 £0.011 p=0.14
The others 0.001 £0.003 0.002 £ 0.005 p=0.289

Figure 6 | Alternation of relative abundance in phyla before and after use of probiotic Bifidobacterium bifidum G9-1. The analyses were carried out
among a full analysis set group (n = 40). The differences between the groups were evaluated using Student’s t-test.

Among the participants taking metformin >1,000 mg (n = 21),
the GSRS total score was significantly improved by the use of
probiotic BBG9-1 (-0.61 £ 047, P < 0.001), whereas HbAlc
did not changed (-0.1 £ 04, P = 0.787).

Safety analysis

No serious adverse events occurred in the present study. No
specific adverse events occurred, except for pharyngitis in one
patient and constipation in three patients.

DISCUSSION

The present study investigated the effect of the probiotic
BBG9-1 on gastrointestinal symptoms in type 2 diabetes
patients using metformin, and found that the use of probiotic
BBGY-1 improved the GSRS total score. In addition, the use of
probiotic BBG9-1 improved all the GSRS subscale scores, such
as reflux syndrome, abdominal pain, constipation syndrome,
diarrhea and indigestion syndrome scores. Furthermore, the
improvement of constipation syndrome score or diarrhea syn-
drome score continued for at least 2 weeks after discontinua-
tion of the medication. Finally, no serious adverse events
occurred due to the use of the probiotic BBG9-1 in the present
study.

Many patients with type 2 diabetes have been reported to
experience various gastrointestinal diseases, such as constipation
and diarrhea® . Furthermore, metformin use is reported to be
associated with an increased risk of gastrointestinal

complications®. We previously reported that new use of met-
formin increased the GSRS scores of diarrhea (from 2.9 + 1.3
to 3.3 £ 1.7) and constipation (from 5.0 £ 2.2 to 59 £ 2.2) in
patients with type 2 diabetes’. The findings of the present study
showed that the use of the probiotic BBG9-1 improved gas-
trointestinal complications, especially constipation and diarrhea,
in type 2 diabetes patients treated with metformin, and that it
decreased the GSRS scores of diarrhea and constipation, which
is almost the same amount as the increase by metformin usage.
Thus, there is a possibility that patients who have stopped
using metformin due to abdominal symptoms might be able to
continue to use metformin by using the probiotic BBG9-1.

The possible mechanism of the improvement of gastrointesti-
nal symptoms by using the probiotic BBG9-1 is as follows. A
recent animal model study showed that the probiotic BBG9-1
improves the symptoms of diarrhea caused by metformin by
changing the gut microbiota and fecal conditions'. In this
study, the proportions of Bristol Stool Scale score >3.5 to <4.5,
which is an ideal fecal condition, tended to be increased by
probiotic BBG9-1 discontinuation, although it did not reach
statistical significance. In addition, the relative abundance of the
genus Sutterella decreased by the use of the probiotic BBG9-1
in this study. It has been reported that the relative abundance
of the genus Sutterella, which are known to be associated with
abdominal symptoms, was higher in patients with inflammatory
bowel disease and Crohn’s disease”*® than in those without. In
addition, the relative abundance of the genus Sutterella in
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Table 4 | Alternation of relative abundance in genera among full analysis set group

Genera Observation 1 n = 40 Observation 2 n = 40 Change P
g__Bacteroides 0.170 £ 0.103 0.149 £ 0071 -0.021 = 0081 0.11
g__Bifidobacterium 0.067 £ 0084 0.056 = 0056 —0011 £ 0054 020
g__Blautia 0.047 £ 0030 0041 £ 0023 —0005 £ 0026 025
g__Ruminococcus 0044 + 0041 0.049 + 0056 0.006 + 0050 048
f__Lachnospiraceae; g__[Ruminococcus] 0042 £+ 0059 0043 £ 0071 0.001 £ 0031 081
g__Faecalibacterium 0041 £ 0046 0.050 £+ 0057 0.009 £ 0035 0.10
Unclassified f__Lachnospiraceae 0.039 £ 0027 0040 £ 0034 0002 £ 003 077
g__Roseburia 0.034 £ 0041 0038 £ 0046 0004 + 0032 043
g__Prevotella 0033 £ 0072 0026 + 0062 —0007 £ 0055 043
g__Coprococcus 0029 + 0027 0025 + 0022 -0004 =+ 0016 017
g__Megamonas 0028 = 0074 0034 £ 0070 0.006 £+ 0045 038
g__Parabacteroides 0027 £ 0029 0022 + 0021 —0005 £ 0021 0.14
g__Collinsella 0026 £ 0026 0.030 + 0028 0004 + 0023 033
g__Oscillospira 0.026 £ 0021 0030 £ 0022 0004 £ 0017 0.12
Unclassified f__Enterobacteriaceae 0025 £ 0032 0025 £ 0045 —0.000 + 0.0497 097
g__Streptococcus 0024 + 0041 0030 + 0044 0.006 + 0041 035
g__Megasphaera 0023 £ 0034 0020 £ 0030 —0003 £ 0021 043
g__Gemmiger 0022 £ 0028 0025 + 0025 0002 £ 0016 035
g__Akkermansia 0.020 £ 0058 0020 = 0059 0001 £ 0019 087
g__lactobacillus 0018 £ 0054 0018 £ 0037 —0001 £ 0039 092
Unclassified f__Lachnospiraceae 0018 £ 0019 0020 £ 0021 0002 £ 0019 046
g__Phascolarctobacterium 0017 £ 0021 0015 + 0013 —0002 £ 0016 050
Undlassified f__Ruminococcaceae 0015 £ 0015 0017 £ 0022 0002 + 0022 062
g__Dorea 0014 £ 0009 0016 £ 0014 0002 + 0014 034
g__Veillonella 0012 £ 0026 0014 £ 0029 0001 £ 0021 067
g__Clostridium 0012 £ 0024 0011 £ 0015 —0001 £ 0027 083
g__Alistipes 0012 £ 0024 0010 £ 0023 -0002 £ 0014 048
g__Sutterella 0011 £ 0009 0.008 £+ 0.006 —0003 £ 0006 0.002
g__[Fubacterium] 0010 £ 0017 0007 £ 0011 —0002 £ 0012 024
Unclassified f__Ruminococcaceae 0007 = 0010 0009 + 0017 0003 + 0012 0.15

The top 30 gut microbial genera are listed. Student’s t-tests were carried out to assess statistical significance.

Table 5 | Correlation between change in gastrointestinal symptom
rating scale total score and change in other parameters among full
analysis set group

n r (95% Cl) P
Bristol stool scale 38 —008 (-0.39, 0.25) 064
HbA1c (%) 40 029 (003, 0.55) 007
Fasting plasma glucose (mg/dL) 19 042 (=005, 073) 007
Body mass index (kg/m?) 36 013 (-021,044) 044
OTUs 40 020 (-0.13, 048) 023
Faith’s Phylogenetic Diversity 40 0.10 (0. 22 039) 056
Chao1 index 40 021 (-0 48) 0.20
Shannon index 40 022 (—OH 049) 0.18

Correlations were evaluated using Spearman’s rank correlation coeffi-
cient. GSRS, gastrointestinal symptom rating scale; HbA1c, glycated
hemoglobin; OTUs, operational taxonomic units.

people with autism spectrum disorders, which is closely associ-
ated with gastrointestinal symptoms of constipation and diar-
rhea®, is reported to be higher than that in individuals without

autism spectrum disorders™. It has also been reported that Sut-
terella species are involved in pro-inflammatory activity®'. Fur-
thermore, bile acids, glucagon-like peptide-1, histamine and
serotonin have been suggested to be involved in metformin-
induced gastrointestinal disorders*>. Unfortunately, however, we
did not have the data of bile acids, glucagon-like peptide-1, his-
tamine and serotonin in the present study. In contrast, previous
studies showed that there is a difference in gut microbiota
between metformin-treated and non-treated groups® >,
Furthermore, we recently showed that an increase of the
genus Blautia was associated with diarrhea in patients with
new use of metformin’. In the present study, genus Blautia
tended to decrease with the use of BBG9-1, although it did not
reach statistical significance. In addition, a recent study with an
animal model showed that BBG9-1 was associated with
improvement of metformin-induced diarrhea through changing
of gut microbiota'”. Therefore, there is a possibility that the
reduction of genus Sutterella and genus Blautia by the use of
the probiotic BBG9-1 might have contributed to the improve-
ment of abdominal symptoms, although the principal
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Table 6 | Subgroup analyses of change in gastrointestinal symptom rating scale total score and glycated hemoglobin among full analysis set

group

Change from observation 1 P
to observation 2

Age <65 years GSRS total score (n = 17)
HbATc (%) (n = 17)
GSRS total score (n = 23)

HbATc (%) (n = 23)

Age >65 years

Men GSRS total score (n = 26)
HbA1c (%) (n = 26)
Women GSRS total score (n = 14)

HbATc (%) (n = 14)
GSRS total score (n = 25)
HbATc (%) (n = 25)
GSRS total score (n = 13)
HbAlc (%) (n = 13)
GSRS total score (n = 18)
HbATc (%) (n = 18)
GSRS total score (n = 22)
HbATc (%) (n = 22)
GSRS total score (n = 29)
HbA1c (%) (n = 29)
GSRS total score (n = 11)
HbATc (%) (n = 11)

BMI <25 kg/m?

BMI >25 kg/m’
Constipation symptoms (=)
Constipation symptoms (+)
Diarrhea symptoms ()

Diarrhea symptoms (+)

-052 £ 046 <0.001
00+ 04 073
-037 £ 051 0.002
00£04 088
—042 + 051 <0.001
01+04 0.28
-045 £ 046 0.003
-17x27 0033
-036 + 051 0.002
01x04 0.29
—052 £ 048 0.002
=01+ 04 0.17
-039 £ 034 <0.001
00 £ 04 096
-047 £ 059 0.001
00+ 04 0.191
-039 £ 047 <0.001
00+ 04 0.77
-056 £ 053 0.006
00£05 0.85

Student’s t-tests were carried out to assess statistical significance. BMI, body mass index; GSRS, gastrointestinal symptom rating scale; HbA1c, gly-

cated hemoglobin.

coordinates analysis plot and relative abundance ratio plot did
not show any significant changes before and after the use of
the probiotic BBG9-1.

In the present study, HbAlc levels did not change with the
use of probiotic BBG9-1, which was the same as in a previous
animal study'’. Furthermore, in the subgroup analysis, HbAlc
levels were improved in women. It is possible that the improve-
ment in abdominal symptoms is related to the improvement in
HbAlc levels®*¥. In fact, in the present study, there was a cor-
relation between changes in HbAlc levels and changes in the
GSRS score, although it did not reach statistical significance.
Thus, further studies are required to investigate the association
and mechanism of improving abdominal symptoms and glyce-
mic control.

The limitations of the present study should be noted. First,
the study was limited by its open-label and single-arm design.
Furthermore, because of the exploratory nature of the study,
the sample size was also small. Further double-blinded random-
ized placebo-controlled trials are desirable to clarify the results
of this study. Second, the primary end-point, the GSRS score, is
a subjective survey measure using a questionnaire, it would be
desirable to validate this study with additional objective mea-
sures. Third, we did not evaluate dietary habits or consider the
effect of diet on the gut microbiota.

In the present study, type 2 diabetes patients treated with
metformin showed significant improvement in the GSRS scores

using the probiotic BBG9-1 without serious side-effects or
changing glucose control. Furthermore, the improvement of
constipation syndrome score or diarrhea syndrome score con-
tinued for at least 2 weeks after discontinuation of the medica-
tion. This study showed the potential usefulness of the
probiotic BBG9-1 for gastrointestinal symptoms, including con-
stipation and diarrhea, in type 2 diabetes mellitus patients trea-
ted with metformin.
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