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Effect of Probiotic Bifidobacterium breve
in Improving Cognitive Function
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Abstract.
Background: Probiotics have been reported to ameliorate cognitive impairment.
Objective: We investigated the effect of the probiotic strain Bifidobacterium breve MCC1274 (A1) in enhancing cognition
and preventing brain atrophy of older patients with mild cognitive impairment (MCI).
Methods: In this RCT, 130 patients aged from 65 to 88 years old with suspected MCI received once daily either probiotic
(B. breve MCC1274, 2×1010 CFU) or placebo for 24 weeks. Cognitive functions were assessed by ADAS-Jcog and MMSE
tests. Participants underwent MRI to determine brain atrophy changes using Voxel-based Specific Regional Analysis System
for Alzheimer’s disease (VSRAD). Fecal samples were collected for the analysis of gut microbiota composition.
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Results: Analysis was performed on 115 participants as the full analysis set (probiotic 55, placebo 60). ADAS-Jcog subscale
“orientation” was significantly improved compared to placebo at 24 weeks. MMSE subscales “orientation in time” and
“writing” were significantly improved compared to placebo in the lower baseline MMSE (< 25) subgroup at 24 weeks.
VSRAD scores worsened in the placebo group; probiotic supplementation tended to suppress the progression, in particular
among those subjects with progressed brain atrophy (VOI Z-score ≥1.0). There were no marked changes in the overall
composition of the gut microbiota by the probiotic supplementation.
Conclusion: Improvement of cognitive function was observed on some subscales scores only likely due to the lower sensitive-
ness of these tests for MCI subjects. Probiotics consumption for 24 weeks suppressed brain atrophy progression, suggesting
that B. breve MCC1274 helps prevent cognitive impairment of MCI subjects.
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INTRODUCTION

Mild cognitive impairment (MCI) is a gray zone
that is not to be confused with normal aging, where
many cognitive functions do not see significant dec-
line even as we age. “Senior moments” such as
the trouble in remembering, inability to do simple
math, or forgetting words, happens to most people,
but sometimes, specific cognitive domains start to
regularly fail, such as working memory, long-term
memory, verbal skills, and mental math. When this
occurs, it is essential to follow up with a mental exam-
ination to rule out any signs of Alzheimer’s disease
(AD) or other dementia since 10–15% of individuals
diagnosed with MCI will convert to AD annually [1].

Probiotics are “live microorganisms which when
administered in adequate amounts, confer a health
benefit on the host” as defined by the International
Scientific Association for Probiotics and Prebiotics
(ISAPP) [2]. Several central nervous system (CNS)
disorders, including MCI and AD, are associated with
abnormal inflammation in the brain and the gut, sug-
gesting these diseases may not have a unique central
origin but could start from the periphery [3–5]. In
addition, several studies looking at the possible alter-
ations in gut microbiota identified a shift of microbial
populations towards a pro-inflammatory flora [6, 7].
This is important because the gut microbiota and the
brain can communicate using the Gut-Brain-Axis and
this mode of communication implies that bacteria-
derived metabolites can have a positive or negative
impact on the CNS [8].

Increasing research interest has focused on eval-
uating if probiotics could be considered as novel
strategies to treat human conditions associated with
cognitive impairment such as MCI and AD. While
only a handful number of clinical studies have met
the high-standard of randomized placebo-controlled
trials, they suggest that probiotics can improve cog-
nitive and gastrointestinal symptoms in patients with

AD, MCI, and Parkinson’s disease, which is possibly
through reducing inflammatory response and improv-
ing lipid metabolism [9]. Our research in recent
years has focused on understanding the CNS ben-
efits of the probiotic strain Bifidobacterium breve
MCC1274 (A1). After initially showing its effective-
ness at alleviating amyloid-�-induced inflammation
in a mouse model of AD [10], we conducted sev-
eral clinical studies evaluating the enhancement of
cognitive functions of MCC1274 in MCI popula-
tions in Japan [11–13]. Through those studies, we
could demonstrate the effectiveness of this probiotic
in improving clinical trial participant’s memory as
evaluated by RBANS (the Repeatable Battery for the
Assessment of Neuropsychological Status) test and
JMCIS (Japan MCI score) test [12]. Furthermore,
amelioration in RBANS subdomain of immediate and
delayed memory, which depends on Medial Tempo-
ral Lobe integrity [14], suggested that the MCC1274
effect may prevent brain shrinkage linked to inflam-
mation as this brain region volume change is useful
in distinguishing patients with mild cognitive impair-
ment and AD from those without impairment [15].

In recent years, brain imaging analyses have been
routinely used to distinguish MCI from other disor-
ders such as encephalitis, stroke, or glioblastomas
[16]. Advances in brain image analysis now allow
quantitative analysis of brain morphology, making
it a powerful supportive tool to diagnose dementia.
A quantitative technique called Voxel-based Specific
Regional Analysis System for Alzheimer’s disease
(VSRAD) based on magnetic resonance imaging
(MRI) data has been used in Japan to diagnose early
Alzheimer’s type dementia by taking and analyzing
the degree of atrophy of the brain [17].

In this randomized, double-blind placebo-cont-
rolled study conducted in a Japanese MCI popu-
lation living in Tokyo, we aimed to gain as much
information as possible on the cognitive enhance-
ment potential of B. breve MCC1274 and whether its
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previously observed memory enhancing benefits in
the MCI population would involve alteration of brain
atrophy and/or any changes in the gut microbiota.
For this study, we used ADAS-Jcog (Japanese ver-
sion of Alzheimer’s Disease Assessment Scale) and
MMSE (Mini-Mental State Examination) to assess
the improvement of cognitive functions by the pro-
biotic strain. In addition, we also investigated if B.
breve MCC1274 could prevent brain shrinkage in
MCI patients using VSRAD brain imaging technol-
ogy. Finally, we explored the impact of consuming
MCC1274 on the gut microbiota to understand better
the underlying mechanism by how this probiotic can
improve memory of MCI individuals.

MATERIALS AND METHODS

This study was a double-blind, randomized plac-
ebo-controlled trial to study the effect of B. breve
MCC1274 (synonym B. breve A1) in older adults
with suspected MCI and is registered at Univer-
sity Hospital Medical Research Network number
UMIN000031507.

Study design and participants

Patients were recruited from patients who visited
the Department of Gastroenterology, Department of
Psychiatry, and Department of General Medicine,
Juntendo Tokyo Koto Geriatric Medical Center. All
subjects underwent a medical examination and were
selected according to the following inclusion criteria
(1) age 65–89 years, (2) satisfied with the clinical
criteria of MCI (DSM-5), and the following three
criteria: i) Memory complaint by subject or fam-
ily, ii) MMSE scores between 22 and 26 (inclusive),
and iii) Clinical Dementia Rating (CDR) = 0.5, and
(3) written informed consent provided for study par-
ticipation. Exclusion criteria were as follows: (1)

Parkinson’s disease, Huntington’s disease, normal
pressure hydrocephalus, progressive supranuclear
palsy, epilepsy, multiple sclerosis, cerebral infection,
or subsequent complication caused by head trauma;
history of major depression or bipolar disorder, alco-
hol or other substance abuse; findings of multiple
infarction, brain tumor, or subdural hematoma; cog-
nitive impairment due to deficiency of vitamin B12
or folate; neurosyphilis; thyroid function abnormal-
ity; (2) severe disease (cerebrovascular, heart, liver,
renal, gastrointestinal, endocrine-metabolic, infec-
tious disease), cancer of the alimentary system, cases
of gastrointestinal tract resection and inflammatory
bowel disease; (3) heavy users of pharmaceutical
products affecting the bowel movement regularity
(antibiotic, medicine for intestinal disorders, lax-
ative, antidiarrheic) and health food, supplement
(lactic acid bacterium, Bifidobacterium, Lactobacil-
lus, oligosaccharide, dietary fiber); (4) remarkable
abnormality for blood pressure and blood tests; severe
anemia; allergy for drugs and food; heavy smoker,
drinker; irregular lifestyle such as a meal type, sleep
duration; (5) users for Anti-dementia drugs, psy-
choactive drugs, severe diabetes mellitus treated with
insulin; (6) contraindications for MRI such as mag-
netic body or metal; (7) participation in any other new
drug study for AD; participation in another new drug
study; (8) considered by the principal investigator to
be ineligible.

Participants’ characteristics are shown in Table 1.
Subjects were recruited from March 2018 to June
2020. A sample size of 140 participants (70 per group)
was designed to evaluate cognitive function effects by
B. breve MCC1274 consumption. This sample size
was expected to achieve 80% power to detect 2.5-
point difference change from baseline of ADAS-Jcog
scores between the probiotic and placebo groups,
assuming a standard deviation of 5 in both groups,
a two-side test with � = 0.05, and an attrition rate of

Table 1
Subject characteristics

Full analysis set (FAS) VSRAD analysis set

Probiotics Placebo Probiotics Placebo

Subject number 55 60 42 47
Gender (male/female) 26/29 25/35 22/20 20/27
Age 77.2 (5.8) 78.9 (4.3) 77.3 (6.1) 78.5 (4.2)
Height (cm) 156.3 (9.1) 154.7 (8.1) 157.7 (8.7) 154.9 (8.4)
Body weight (kg) 55.4 (13.2) 56.2 (8.7) 56.9 (14) 56.4 (8.8)
BMI (kg·m−2) 22.6 (4.4) 23.5 (3.3) 22.8 (4.8) 23.5 (3.5)
ADAS total score 7.98 (2.89) 7.52 (3.06) 8.1 (2.9) 7.5 (3.2)
MMSE total score 24.5 (1.2) 24.6 (1.2) 24.4 (1.3) 24.6 (1.2)

Data are number or mean (SD).
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Fig. 1. Trial profile.

10% (Fig. 1). This study was done with the approval
of the ethical committee of Juntendo University, and
was based on the tenets of the Declaration of Helsinki.
Informed consent was obtained from each subject.

Intervention

We prepared sachets containing lyophilized pow-
der of B. breve MCC1274, a strain originating from
an infant, which mainly included maize starch as a
carrier. Using a microbial colony counting methodol-
ogy, we confirmed that each sachet contained 2×1010

CFU or more. Placebo sachets were composed of
maize starch only and were identical in appearance
and weight. Each participant consumed one probiotic
or placebo sachet daily for 24 weeks.

Medical interviews were conducted at each visit,
and blood tests, body weight measurement, blood
pressure, and heart rate determination were evaluated
at those times.

Neuropsychological tests

Cognitive functions were evaluated at each visit (at
baseline, 8 and 16 weeks, and after completing the
treatment) with ADAS-Jcog and MMSE as primary
and secondary outcomes, respectively. ADAS-Jcog
gives scores ranging from 0 (no errors) to 70 (maxi-
mum impairment) and evaluates memory, language,

praxis, and orientation. It includes eleven subscales
(word recall, spoken language ability, comprehen-
sion of spoken language, word-finding difficulty,
following commands, naming objects and fingers,
constructions, ideational praxis, orientation, word
recognition, and recall of test instructions). MMSE is
another more straightforward test that yields scores
ranging from 0 to 30, with lower scores indicating
some form of cognitive functions decline. MMSE
includes eleven items that evaluate orientation to
time, to place, registration of three words, calculation
(Serial-7 subdomain, subtracting serial sevens from
100), language (tested by naming objects, repeating
a sentence, reading a sentence, writing a sentence,
and three-step command), and ability to draw shapes.
However, the serial-7 subdomain of the MMSE has
a strong bias for learning and may affect the abil-
ity to detect cognitive improvement, especially in
a Japanese population, as reported previously [18].
Therefore, we have calculated a modified MMSE
score (mMMSE) that does not include Serial-7.

Brain imaging

As another secondary endpoint, brain atrophy
assess by brain MRI was evaluated. For the brain
imaging, participants’ whole-brain were scanned
with 3-D T1-weighted MRI at week 0 and 24, and
these sagittal imaging data were analyzed with
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VSRAD® advance 2. VSRAD, which uses brain
MRI data to assess the brain morphological abnor-
malities associated with AD, was developed by Dr.
Matsuda and colleagues [19, 20]. VSRAD applies
voxel-based morphometry (VBM), a method for
superimposing plane tomographic images from
head MRI and dividing the entire brain into small
cubes for statistical analysis [17]. This free software
application was updated into VSRAD advance 2
and it is being used in many hospitals. In particular,
a Z-score of gray matter atrophy in the volume of
interest (VOI) relevant to AD, which measures the
severity of medial temporal atrophy, is a representa-
tive indicator of VSRAD [17–22]. VSRAD analysis
was performed according to the protocols (https://
medical.eisai.jp/products/vsrad/general/manual/),
and the process of statistical image manipulation
was conducted as previously reported [23].

VSRAD scores reflect the severity of gray matter
loss across the entire brain because the software com-
pares an image with the original standard database
template. VSRAD advance 2 automatically calcu-
lates the four indicators of AD shown below:

i) The Z-score of gray matter atrophy severity
in the volume of interest of AD (“VOI
severity”) = ((normal control average of voxel-
level–patient’s voxel-level)/normal control stan-
dard deviation),

ii) The extent of gray matter atrophy in the VOI
of AD (“VOI extent”) = ((number of voxels
judged to have a Z-score of more than 2/number
of all voxels in the volume of the hippocam-
pus) × 100%),

iii) The extent of gray matter atrophy in the whole
brain (“GM extent”) = a percentage of voxels
with a Z-score > 2 compared with the whole
brain, and

iv) the ratio of the extent of gray matter atrophy
in the VOI to the whole brain (“VOI
ratio”) = ((number of voxels judged to have a
Z-score of more than 2/number of all voxels in
the volume of the whole brain) × 100%).

Fecal DNA preparation and microbiota analysis

Fecal DNA preparation and microbiota analysis
were performed as described previously [24]. Briefly,
fecal samples were collected using Techno Suruga’s
stool collection kit brush type at week 0 and week 4.
DNA was extracted from the fecal samples, and puri-
fied DNA was suspended in 2,000 ml of Tris-EDTA

buffer (pH 8.0). PCR amplification and DNA
sequencing of the V3–V4 region of the bacterial 16S
rRNA gene was performed on the Illumina MiSeq
instrument (Illumina, San Diego, CA, USA). After
removing the sequences consistent with the Genome
Reference Consortium human build 38 (GRCh38)
data and the phiX reads from the raw Illumina paired-
end reads, the sequences were analyzed using the
QIIME2 software package (version 2017.10). Poten-
tial chimeric sequences were removed using DADA2
[25], and 30 and 90 bases were trimmed from the
30 regions of the forward, and the reverse reads,
respectively. The taxonomical classification was per-
formed using the Naive Bayes classifier trained on the
Greengenes13.8 dataset with a 99% sequence similar-
ity threshold for full-length Operational Taxonomic
Units.

Randomization and masking

After the assessment for eligibility, randomization
was conducted using random permuted blocks of
participants stratified by sex (male versus female)
and MMSE score (≥25 versus < 25) to ensure balan-
ced allocation of the participants to each group.
Any research team member did not know the
allocated sequence until the study ended and the
database locked. Given the safety record of B. breve
MCC1274, no provision for emergency unmasking of
study participants was considered, and therefore, no
allocation sequence copies were held at the recruit-
ment sites.

Statistical analysis

Once data collection was completed, all data were
fixed before the code-breaking. The principal analysis
for all primary and secondary outcome measures was
done on the Full Analysis Set (FAS) by excluding par-
ticipants: (1) who have violated the eligibility criteria,
(2) who have never consumed the study supplement,
and (3) who have no post-randomization data at all.

A total of 145 subjects were assessed for eligi-
bility. Owing to the pandemic of COVID-19, finally,
130 subjects participated in this study. After informed
consent, seven declined to participate without taking
any samples (probiotic 4, placebo 3), four discontin-
ued (each two for each group), three in the probiotic
group failed to follow-up, and one (age < 65 y) did
not meet the inclusion criteria. Finally, a total of 115
subjects (60 in placebo and 55 in probiotic groups)

https://medical.eisai.jp/products/vsrad/general/manual/
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completed the final examination and was included in
FAS (Table 1).

Normality testing was conducted using Shapiro–
Wilk test before the statistical evaluation. For the
data of ADAS-Jcog and MMSE scores, because
more than half of the parameters were judged to
be non-normally distributed, changes from base-
line to follow-up points were compared between the
probiotic and placebo groups using the Wilcoxon
rank-sum test. Moreover, intra-group changes in the
values between baseline and after intervention were
tested using Wilcoxon signed-rank test. Subgroup
data of cognitive test and VSRAD were also analyzed
according to baseline MMSE score and VSRAD Z-
score. MMSE score was divided into two groups (≥25
versus < 25), the stratified factor for randomization,
and the median of baseline MMSE. VSRAD Z-score
was divided by 1.0, the standard for suspected atro-
phy of the brain. Statistical analysis was performed
using SAS software version 9.4 (SAS Institute Inc.,
Cary, NC, USA) for neuropsychological data or R
software ver. 3.6.0 for VSRAD data, with signifi-
cance set at p < 0.05. The Student’s t-test was used
for comparing the changes of means. Safety of B.
breve MCC1274 was assessed on all participants by
comparing any changes with Student’s t-test based on
changes of blood parameters during the intervention
period (Supplementary Table 1).

RESULTS

Baseline characteristics of the participants were
almost identical for both groups (Table 1). The rate
of consumption of the supplements for 24 weeks was
considerably high in both groups (97.2 ± 3.5% in the
probiotic group, 96.1 ± 5.2% in the placebo group).
Blood parameters at baseline and post-intervention
were comparable for both groups (Supplementary
Table 1). One subject experienced lumbar compres-
sion fracture, one reported mild constipation in the
probiotic group, and one subject experienced spinal
canal stenosis in the placebo group; however, no
adverse events related to sample consumption were
observed.

Neuropsychological tests

The results of the ADAS-Jcog total score for
placebo and B. breve MCC1274 at baseline, weeks
8, 16, and 24 are shown in Table 2. The total score
evenly declined in both groups until the end of the
trial without significant inter-group differences at

each measurement. If we look at ADAS-Jcog sub-
domain scores, there was no significant intergroup
differences; however, significant improvement was
observed in the changes from baselines of “ori-
entation” at week 24 by the probiotic (p = 0.021).
MMSE total score increased in both groups dur-
ing the intervention without significant differences
between groups. A significant intergroup difference
was observed in the MMSE sub-domain score “rep-
etition” at week 16 (p = 0.033) (Table 3).

Tables 4 and 5 show the subgroup analysis for
ADAS-Jcog and MMSE when baseline MMSE is
divided by the median (< 25 or ≥ 25). A signifi-
cant improvement in ADAS-Jcog “orientation”
(p = 0.022) is seen in participants with MMSE < 25,
after taking B. breve MCC1274 for 24 weeks
(Table 4). A significant difference over placebo is
detected for MMSE “orientation in time” (p = 0.006)
at week 24 and “repetition” (p = 0.026) at week
16. The difference was observed in the changes
from baselines of “writing” (p = 0.045) at week 24
(Table 5). There was no significant difference in the
participants with MMSE ≥ 25, except for ADAS-
Jcog “construction” (p = 0.021, week 8) and MMSE
“writing” (p = 0.036, week 8) and change from base-
line of “orientation” (p = 0.023) at week 24 (Tables 4
and 5).

When we looked at mMMSE that does not include
Serial-7 for participants in the FAS, MMSE < 25
or ≥ 25 (Table 6, Fig. 2), significant intergroup dif-
ference was observed in the total mMMSE scores at
week 16 (p = 0.011) along with a tendency of dif-
ference at week 24 (p = 0.061) in the MMSE < 25
sub-group. A trend towards significant improvement
over placebo was found in the changes from baseline
in FAS (p = 0.059), and this effect is seen mainly in
participants with MMSE < 25 (p = 0.060). There was
no difference in the MMSE ≥ 25 subgroup between
the probiotic and placebo groups. This data is per
our previous observations that B. breve MCC1274
showed that individuals with more severe cognitive
impairment benefit from consuming this probiotic
daily instead of mildly impaired [12, 13].

Relationship between VSRAD and scores of
cognitive function tests

VSRAD data were obtained from 109 subjects at
baseline. The difference of VSRAD scores in the
subgroups divided by baseline MMSE scores (≥25
versus < 25) is shown in Table 7. There were sig-
nificantly lower scores of VOI Z-score (1.02 ± 0.55
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Table 2
Summary of the cognitive tests in the full analysis set

Group Baseline Week 8 Week 16 Week 24 Week 24

Mean (SD) p Mean (SD) p Mean (SD) p Mean (SD) p Mean (SD) p

ADAS-cog total score Probiotic 7.98 (2.89) 0.319 7.75 (3.09) 0.175 7.06 (3.2)∗∗ 0.336 6.67 (3.4)∗∗∗ 0.253 –1.34 (2.61) 0.789
Placebo 7.52 (3.06) 6.89 (2.87)∗ 6.47 (3.13)∗∗ 6.1 (3.41)∗∗∗ –1.36 (2.53)

Word recall Probiotic 4.08 (1.32) 0.103 3.68 (1.21)∗ 0.816 3.55 (1.32)∗∗ 0.194 3.48 (1.42)∗∗∗ 0.159 –0.64 (1.18) 0.789
Placebo 3.74 (1.37) 3.64 (1.56) 3.2 (1.41)∗∗ 3.1 (1.58)∗∗∗ –0.62 (1.15)

Spoken language ability Probiotic 0 (0) 1.000 0 (0) 1.000 0.02 (0.14) 0.970 0 (0) 1.000 0 (0) 1.000
Placebo 0 (0) 0 (0) 0.02 (0.13) 0 (0) 0 (0)

Comprehension of
spoken language Probiotic 0 (0) 1.000 0 (0) 1.000 0.02 (0.14) 0.970 0.02 (0.14) 0.299 0.02 (0.14) 0.299

Placebo 0 (0) 0 (0) 0.02 (0.13) 0 (0) 0 (0)
Word-finding difficulty Probiotic 0.06 (0.23) 0.792 0.09 (0.35) 0.884 0.04 (0.19) 0.949 0.02 (0.14) 0.634 –0.02 (0.24) 0.778

Placebo 0.07 (0.25) 0.07 (0.25) 0.03 (0.18) 0.04 (0.19) –0.04 (0.33)
Following commands Probiotic 1.04 (0.77) 0.111 0.82 (0.77) 0.707 0.76 (0.82)∗ 0.193 0.71 (0.7)∗∗ 0.663 –0.37 (0.82) 0.075

Placebo 0.8 (0.71) 0.87 (0.75) 0.91 (0.71) 0.63 (0.62) –0.16 (0.73)
Naming Probiotic 0 (0) 0.178 0 (0) 0.347 0 (0) 0.174 0 (0) 0.100 0 (0) 0.354

Placebo 0.03 (0.18) 0.02 (0.13) 0.03 (0.18) 0.05 (0.23) 0.02 (0.13)
Constructions Probiotic 0.27 (0.45) 0.610 0.44 (0.5)∗ 0.066 0.26 (0.44) 0.668 0.31 (0.51)∗ 0.085 0.04 (0.56) 0.060

Placebo 0.32 (0.47) 0.2 (0.4) 0.22 (0.42) 0.16 (0.37) –0.16 (0.49)
Ideational praxis Probiotic 0.38 (0.73) 0.817 0.35 (0.78) 0.779 0.35 (0.73) 0.674 0.16 (0.54) 0.273 –0.18 (0.79) 0.796

Placebo 0.43 (0.79) 0.27 (0.58) 0.29 (0.65) 0.23 (0.57) –0.23 (0.82)
Orientation Probiotic 0.35 (0.58) 0.397 0.42 (0.74) 0.677 0.35 (0.68) 0.964 0.22 (0.54) 0.117 –0.14 (0.53) 0.021†

Placebo 0.37 (0.99) 0.4 (0.81) 0.41 (0.88) 0.47 (0.97) 0.16 (0.75)
Word recognition Probiotic 1.79 (1.3) 0.429 1.94 (1.73) 0.078 1.7 (2) 0.296 1.73 (1.94) 0.195 –0.05 (1.49) 0.400

Placebo 1.73 (1.52) 1.44 (1.2) 1.32 (1.36)∗∗ 1.4 (1.61)∗ –0.32 (1.41)
Recall of test
instructions Probiotic 0.02 (0.14) 0.960 0.02 (0.14) 0.309 0.02 (0.14) 0.313 0.02 (0.14) 0.948 0 (0.2) 1.000

Placebo 0.03 (0.26) 0 (0) 0 (0) 0.02 (0.13) –0.02 (0.3)

Data are indicated as mean (SD). p value shows inter-group difference (probiotics versus placebo) (Wilcoxon rank-sum test), †p < 0.05. Difference from baseline was analyzed by Wilcoxon signed
rank Test), ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001.
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Table 3
Summary of the cognitive tests by MMSE in the full analysis set

Group Baseline Week 8 Week 16 Week 24 Week 24

Mean (SD) p Mean (SD) p Mean (SD) p Mean (SD) p Mean (SD) p

MMSE total score Probiotic 24.51 (1.23) 0.675 26.89 (2.26)∗∗∗ 0.868 27.44 (2.04)∗∗∗ 0.665 27.08 (2.42)∗∗∗ 0.725 2.61 (2.3) 0.923
Placebo 24.62 (1.17) 26.68 (2.71)∗∗∗ 27.12 (2.53)∗∗∗ 27.25 (2.38)∗∗∗ 2.63 (2.27)

Orientation in time Probiotic 4.64 (0.56) 0.770 4.66 (0.7) 0.898 4.72 (0.56) 0.936 4.82 (0.52) 0.065 0.18 (0.71) 0.213
Placebo 4.6 (0.74) 4.66 (0.69) 4.67 (0.71) 4.6 (0.8) 0 (0.66)

Orientation in place Probiotic 4.62 (0.56) 0.669 4.78 (0.57) 0.690 4.82 (0.62)∗ 0.910 4.92 (0.27)∗∗ 0.194 0.29 (0.58) 0.242
Placebo 4.62 (0.67) 4.71 (0.67) 4.85 (0.41)∗∗ 4.81 (0.48)∗ 0.19 (0.72)

Registration Probiotic 3 (0) 0.178 2.98 (0.14) 0.309 3 (0) 1.000 2.98 (0.14) 0.299 –0.02 (0.14) 0.163
Placebo 2.97 (0.18) 3 (0) 3 (0) 3 (0) 0.02 (0.13)

Serial-7 s Probiotic 1.76 (1.22) 0.543 3.36 (1.8)∗∗∗ 0.444 3.48 (1.56)∗∗∗ 0.941 2.98 (1.87)∗∗∗ 0.124 1.22 (2.05) 0.125
Placebo 1.77 (1.41) 3.17 (1.64)∗∗∗ 3.45 (1.74)∗∗∗ 3.53 (1.59)∗∗∗ 1.77 (1.92)

Recall Probiotic 2.2 (0.87) 0.755 2.56 (0.76)∗∗ 0.860 2.67 (0.61)∗∗∗ 0.754 2.71 (0.64)∗∗∗ 0.707 0.51 (0.81) 0.797
Placebo 2.17 (0.85) 2.56 (0.84)∗∗∗ 2.6 (0.7)∗∗∗ 2.65 (0.72)∗∗∗ 0.47 (0.78)

Naming Probiotic 2 (0) 1.000 2 (0) 1.000 2 (0) 1.000 2 (0) 1.000 0 (0) 1.000
Placebo 2 (0) 2 (0) 2 (0) 2 (0) 0 (0)

Repetition Probiotic 0.8 (0.4) 0.824 0.87 (0.34) 0.195 0.94 (0.23)∗ 0.033† 0.86 (0.35) 0.967 0.08 (0.44) 0.786
Placebo 0.82 (0.39) 0.78 (0.42) 0.81 (0.4) 0.86 (0.35) 0.05 (0.48)

Three-stage Probiotic 2.89 (0.32) 0.243 2.93 (0.33) 0.918 2.89 (0.32) 0.253 2.92 (0.27) 0.137 0.04 (0.34) 0.937
command Placebo 2.95 (0.22) 2.95 (0.22) 2.95 (0.22) 2.98 (0.13) 0.04 (0.27)
Reading Probiotic 0.98 (0.14) 0.304 0.95 (0.23) 0.936 1 (0) 1.000 1 (0) 0.183 0.02 (0.14) 0.092

Placebo 1 (0) 0.95 (0.22) 1 (0) 0.97 (0.19) –0.04 (0.19)
Writing Probiotic 0.71 (0.46) 0.069 0.87 (0.34)∗ 0.153 0.94 (0.23)∗∗ 0.232 0.9 (0.3)∗∗ 0.907 0.22 (0.5) 0.058

Placebo 0.85 (0.36) 0.95 (0.22)∗ 0.88 (0.33) 0.9 (0.31) 0.05 (0.4)
Construction Probiotic 0.91 (0.29) 0.657 0.93 (0.26) 0.633 0.98 (0.14) 0.115 0.98 (0.14) 0.634 0.08 (0.34) 0.920

Placebo 0.88 (0.32) 0.95 (0.22) 0.91 (0.28) 0.97 (0.19) 0.07 (0.37)

Data are indicated as mean (SD). p value shows inter-group difference (probiotics versus placebo) (Wilcoxon rank-sum test), †p < 0.05. Difference from baseline was analyzed by Wilcoxon signed
rank Test), ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001.
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Table 4
Subgroup analysis of cognitive tests by ADAS-cog based on baseline MMSE scores

Group Baseline Week 8 Week 16 Week 24 Week 24

Mean (SD) p Mean (SD) p Mean (SD) p Mean (SD) p Mean (SD) p

MMSE < 25
ADAS-cog total score Probiotic 8.4 (2.92) 0.503 8.14 (3.36) 0.940 7.25 (3.39) 0.810 7.11 (3.66) 0.718 –1.19 (2.76) 0.283

Placebo 7.87 (3.22) 7.83 (2.79) 7.51 (3.51) 7.08 (3.88) –0.68 (2.76)
Word recall Probiotic 4.22 (1.08) 0.377 3.82 (1.18) 0.501 3.59 (1.31)∗ 0.710 3.49 (1.27)∗∗ 0.756 –0.71 (0.96) 0.278

Placebo 3.94 (1.27) 4.06 (1.48) 3.44 (1.49) 3.37 (1.54) –0.5 (1.35)
Spoken language ability Probiotic 0 (0) 1.000 0 (0) 1.000 0.04 (0.2) 1.000 0 (0) 1.000 0 (0) 1.000

Placebo 0 (0) 0 (0) 0.04 (0.2) 0 (0) 0 (0)
Comprehension of Probiotic 0 (0) 1.000 0 (0) 1.000 0.04 (0.2) 1.000 0.04 (0.21) 0.317 0.04 (0.21) 0.317
spoken language Placebo 0 (0) 0 (0) 0.04 (0.2) 0 (0) 0 (0)
Word-finding difficulty Probiotic 0.04 (0.2) 0.373 0.08 (0.28) 0.488 0.04 (0.2) 1.000 0 (0) 0.359 0 (0) 0.333

Placebo 0.11 (0.32) 0.15 (0.36) 0.04 (0.2) 0.04 (0.2) –0.08 (0.4)
Following commands Probiotic 1.13 (0.95) 0.266 0.79 (0.83) 0.445 0.88 (0.9) 0.587 0.87 (0.69) 0.337 –0.3 (0.88) 0.408

Placebo 0.82 (0.68) 0.96 (0.81) 0.96 (0.74) 0.68 (0.69) –0.12 (0.67)
Naming Probiotic 0 (0) 0.187 0 (0) 0.366 0 (0) 0.170 0 (0) 0.180 0 (0) 1.000

Placebo 0.07 (0.27) 0.04 (0.19) 0.08 (0.28) 0.08 (0.28) 0 (0)
Constructions Probiotic 0.38 (0.5) 0.564 0.42 (0.5) 0.142 0.25 (0.44) 0.947 0.44 (0.59) 0.069 0.09 (0.6) 0.181

Placebo 0.3 (0.47) 0.22 (0.42) 0.24 (0.44) 0.16 (0.37) –0.12 (0.44)
Ideational praxis Probiotic 0.42 (0.65) 0.899 0.5 (0.93) 0.562 0.54 (0.83) 0.926 0.13 (0.46) 0.101 –0.26 (0.75) 0.468

Placebo 0.48 (0.89) 0.33 (0.68) 0.52 (0.82) 0.4 (0.76) –0.12 (0.97)
Orientation Probiotic 0.25 (0.53) 0.315 0.29 (0.46) 0.641 0.25 (0.53) 0.107 0.22 (0.67) 0.022† 0 (0.52) 0.303

Placebo 0.63 (1.36) 0.52 (0.98) 0.76 (1.2) 0.8 (1.29) 0.28 (0.98)
Word recognition Probiotic 1.97 (1.47) 0.154 2.23 (2.23) 0.431 1.58 (2.39)∗ 0.912 1.93 (2.48) 0.554 –0.04 (1.61) 0.468

Placebo 1.52 (1.27) 1.55 (1.06) 1.39 (1.41) 1.51 (1.59) –0.06 (1.23)
Recall of test
instructions Probiotic 0 (0) 1.000 0 (0) 1.000 0.04 (0.2) 0.338 0 (0) 0.359 0 (0) 0.359

Placebo 0 (0) 0 (0) 0 (0) 0.04 (0.2) 0.04 (0.2)
MMSE ≥ 25
ADAS-cog total score Probiotic 7.66 (2.88) 0.536 7.45 (2.89) 0.079 6.91 (3.1)∗ 0.130 6.31 (3.2)∗∗ 0.233 –1.46 (2.52) 0.583

Placebo 7.23 (2.94) 6.12 (2.73)∗∗ 5.69 (2.61)∗∗∗ 5.33 (2.84)∗∗∗ –1.89 (2.24)
Word recall Probiotic 3.97 (1.49) 0.182 3.57 (1.25) 0.363 3.52 (1.36) 0.171 3.48 (1.56)∗ 0.126 –0.58 (1.35) 0.722

Placebo 3.57 (1.44) 3.29 (1.56) 3.02 (1.34)∗∗ 2.89 (1.6)∗∗ –0.71 (0.98)
Spoken language ability Probiotic 0 (0) 1.000 0 (0) 1.000 0 (0) 1.000 0 (0) 1.000 0 (0) 1.000

Placebo 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Comprehension of
spoken language Probiotic 0 (0) 1.000 0 (0) 1.000 0 (0) 1.000 0 (0) 1.000 0 (0) 1.000

Placebo 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

(Continued)
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Table 4
(Continued)

Group Baseline Week 8 Week 16 Week 24 Week 24

Mean (SD) p Mean (SD) p Mean (SD) p Mean (SD) p Mean (SD) p

Word-finding difficulty Probiotic 0.07 (0.25) 0.533 0.1 (0.4) 0.148 0.03 (0.18) 0.964 0.04 (0.19) 0.943 –0.04 (0.33) 0.643
Placebo 0.03 (0.17) 0 (0) 0.03 (0.17) 0.03 (0.18) 0 (0.25)

Following commands Probiotic 0.97 (0.61) 0.253 0.84 (0.74) 0.804 0.67 (0.76)∗ 0.208 0.57 (0.69)∗ 0.703 –0.43 (0.79) 0.114
Placebo 0.79 (0.74) 0.79 (0.7) 0.88 (0.7) 0.59 (0.56) –0.19 (0.78)

Naming Probiotic 0 (0) 1.000 0 (0) 1.000 0 (0) 1.000 0 (0) 0.367 0 (0) 0.367
Placebo 0 (0) 0 (0) 0 (0) 0.03 (0.18) 0.03 (0.18)

Constructions Probiotic 0.19 (0.4) 0.213 0.45 (0.51)∗ 0.021† 0.27 (0.45) 0.621 0.21 (0.42) 0.573 0 (0.54) 0.188
Placebo 0.33 (0.48) 0.18 (0.39) 0.21 (0.42) 0.16 (0.37) –0.19 (0.54)

Ideational praxis Probiotic 0.36 (0.8) 0.664 0.23 (0.62) 0.854 0.2 (0.61) 0.605 0.18 (0.61) 0.842 –0.11 (0.83) 0.274
Placebo 0.39 (0.7) 0.21 (0.49) 0.12 (0.42) 0.09 (0.3)∗ –0.31 (0.69)

Orientation Probiotic 0.42 (0.62) 0.032† 0.52 (0.89) 0.314 0.43 (0.77) 0.126 0.21 (0.42)∗ 0.856 –0.25 (0.52) 0.023†
Placebo 0.15 (0.44) 0.3 (0.64) 0.15 (0.36) 0.22 (0.49) 0.06 (0.5)

Word recognition Probiotic 1.65 (1.16) 0.834 1.72 (1.2) 0.114 1.79 (1.66) 0.183 1.58 (1.37) 0.244 –0.06 (1.41) 0.156
Placebo 1.91 (1.7) 1.35 (1.32) 1.27 (1.34)∗∗ 1.31 (1.64)∗ –0.53 (1.52)

Recall of test
instructions Probiotic 0.03 (0.18) 0.982 0.03 (0.18) 0.317 0 (0) 1.000 0.04 (0.19) 0.300 0 (0.28) 0.603

Placebo 0.06 (0.35) 0 (0) 0 (0) 0 (0) –0.06 (0.35)

Data are indicated as mean (SD). p value shows inter-group difference (probiotics versus placebo) (Wilcoxon rank-sum test), †p < 0.05. Difference from baseline was analyzed by Wilcoxon signed
rank Test), ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001.
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Table 5
Subgroup analysis of cognitive tests by MMSE based on baseline MMSE scores

Group Baseline Week 8 Week 16 Week 24 Week 24

Mean (SD) p Mean (SD) p Mean (SD) p Mean (SD) p Mean (SD) p

MMSE < 25
MMSE total score Probiotic 23.29 (0.69) 0.189 26.42 (2.26)∗∗∗ 0.899 27.29 (1.99)∗∗∗ 0.059 26.52 (2.52)∗∗∗ 0.909 3.26 (2.34) 0.843

Placebo 23.52 (0.7) 26.08 (3.1)∗∗∗ 26 (2.42)∗∗∗ 26.44 (2.58)∗∗∗ 2.96 (2.59)
Orientation in time Probiotic 4.5 (0.51) 0.907 4.79 (0.42) 0.757 4.79 (0.51) 0.180 4.87 (0.63) 0.006# 0.35 (0.71) 0.078

Placebo 4.37 (0.93) 4.65 (0.75) 4.44 (0.96) 4.36 (1.04) 0 (0.76)
Orientation in place Probiotic 4.63 (0.5) 0.386 4.67 (0.76) 0.427 4.83 (0.38) 0.502 4.87 (0.34) 0.108 0.26 (0.54) 0.653

Placebo 4.41 (0.75) 4.5 (0.86) 4.72 (0.54) 4.6 (0.65) 0.2 (0.87)
Registration Probiotic 3 (0) 0.366 2.96 (0.2) 0.317 3 (0) 1.000 3 (0) 1.000 0 (0) 1.000

Placebo 2.96 (0.19) 3 (0) 3 (0) 3 (0) 0 (0)
Serial-7 s Probiotic 1.25 (0.79) 0.543 3.04 (1.83)∗∗∗ 0.968 3.29 (1.63)∗∗∗ 0.842 2.57 (1.88)∗∗ 0.062 1.3 (2.1) 0.313

Placebo 1.63 (1.45) 3.12 (1.61)∗∗ 3.16 (1.77)∗∗∗ 3.44 (1.45)∗∗∗ 1.88 (1.88)
Recall Probiotic 1.88 (0.85) 0.617 2.5 (0.89)∗∗ 0.857 2.67 (0.57)∗∗∗ 0.114 2.61 (0.66)∗∗∗ 0.850 0.74 (0.81) 0.929

Placebo 1.78 (0.8) 2.42 (0.99)∗∗ 2.4 (0.65)∗∗ 2.52 (0.82)∗∗∗ 0.72 (0.89)
Naming Probiotic 2 (0) 1.000 2 (0) 1.000 2 (0) 1.000 2 (0) 1.000 0 (0) 1.000

Placebo 2 (0) 2 (0) 2 (0) 2 (0) 0 (0)
Repetition Probiotic 0.75 (0.44) 0.723 0.83 (0.38) 0.156 0.92 (0.28) 0.026† 0.83 (0.39) 0.587 0.09 (0.6) 0.970

Placebo 0.7 (0.47) 0.65 (0.49) 0.64 (0.49) 0.76 (0.44) 0.08 (0.57)
Three-stage command Probiotic 2.83 (0.38) 0.129 2.88 (0.45) 0.918 2.88 (0.34) 0.620 2.91 (0.29) 0.144 0.09 (0.42) 0.599

Placebo 2.96 (0.19) 2.92 (0.27) 2.92 (0.28) 3 (0) 0.04 (0.2)
Reading Probiotic 0.96 (0.2) 0.307 0.92 (0.28) 0.524 1 (0) 1.000 1 (0) 0.359 0.04 (0.21) 0.170

Placebo 1 (0) 0.96 (0.2) 1 (0) 0.96 (0.2) –0.04 (0.2)
Writing Probiotic 0.67 (0.48) 0.235 0.88 (0.34) 0.931 0.92 (0.28)∗ 0.255 0.91 (0.29)∗ 0.280 0.26 (0.45) 0.045†

Placebo 0.82 (0.4) 0.89 (0.33) 0.8 (0.41) 0.8 (0.41) 0 (0.41)
Construction Probiotic 0.83 (0.38) 0.580 0.96 (0.2) 0.977 1 (0) 0.170 0.96 (0.21) 0.317 0.13 (0.46) 0.613

Placebo 0.89 (0.32) 0.96 (0.2) 0.92 (0.28) 1 (0) 0.08 (0.28)
MMSE ≥ 25
MMSE total score Probiotic 25.45 (0.51) 0.620 27.26 (2.22)∗∗∗ 0.854 27.57 (2.11)∗∗∗ 0.317 27.54 (2.29)∗∗∗ 0.700 2.07 (2.16) 0.701

Placebo 25.52 (0.51) 27.15 (2.29)∗∗∗ 27.97 (2.3)∗∗∗ 27.88 (2.03)∗∗∗ 2.38 (2)
Orientation in time Probiotic 4.74 (0.58) 0.866 4.55 (0.85) 0.658 4.67 (0.61) 0.229 4.79 (0.42) 0.856 0.04 (0.69) 0.881

Placebo 4.79 (0.49) 4.67 (0.65) 4.85 (0.36) 4.78 (0.49) 0 (0.57)
Orientation in place Probiotic 4.61 (0.62) 0.136 4.87 (0.34) 0.673 4.8 (0.76) 0.557 4.96 (0.19)∗ 0.943 0.32 (0.61) 0.228

Placebo 4.79 (0.55) 4.88 (0.42) 4.94 (0.24) 4.97 (0.18) 0.19 (0.59)
Registration Probiotic 3 (0) 0.348 3 (0) 1.000 3 (0) 1.000 2.96 (0.19) 0.300 –0.04 (0.19) 0.167

Placebo 2.97 (0.17) 3 (0) 3 (0) 3 (0) 0.03 (0.18)

(Continued)
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Table 5
(Continued)

Group Baseline Week 8 Week 16 Week 24 Week 24

Mean (SD) p Mean (SD) p Mean (SD) p Mean (SD) p Mean (SD) p

Serial-7 s Probiotic 2.16 (1.34) 0.147 3.61 (1.76)∗∗ 0.296 3.63 (1.52)∗∗∗ 0.771 3.32 (1.83)∗∗ 0.658 1.14 (2.05) 0.254
Placebo 1.88 (1.39) 3.21 (1.69)∗∗∗ 3.67 (1.71)∗∗∗ 3.59 (1.72)∗∗∗ 1.69 (1.98)

Recall Probiotic 2.45 (0.81) 0.902 2.61 (0.67) 0.658 2.67 (0.66) 0.208 2.79 (0.63) 0.672 0.32 (0.77) 0.817
Placebo 2.49 (0.76) 2.67 (0.69) 2.76 (0.71)∗ 2.75 (0.62)∗ 0.28 (0.63)

Naming Probiotic 2 (0) 1.000 2 (0) 1.000 2 (0) 1.000 2 (0) 1.000 0 (0) 1.000
Placebo 2 (0) 2 (0) 2 (0) 2 (0) 0 (0)

Repetition Probiotic 0.84 (0.37) 0.405 0.9 (0.3) 0.766 0.97 (0.18) 0.628 0.89 (0.32) 0.546 0.07 (0.26) 0.680
Placebo 0.91 (0.29) 0.88 (0.33) 0.94 (0.24) 0.94 (0.25) 0.03 (0.4)

Three-stage command Probiotic 2.94 (0.25) 0.962 2.97 (0.18) 0.982 2.9 (0.31) 0.268 2.93 (0.26) 0.492 0 (0.27) 0.688
Placebo 2.94 (0.24) 2.97 (0.17) 2.97 (0.17) 2.97 (0.18) 0.03 (0.31)

Reading Probiotic 1 (0) 1.000 0.97 (0.18) 0.608 1 (0) 1.000 1 (0) 0.367 0 (0) 0.367
Placebo 1 (0) 0.94 (0.24) 1 (0) 0.97 (0.18) –0.03 (0.18)

Writing Probiotic 0.74 (0.45) 0.167 0.87 (0.34) 0.036† 0.97 (0.18)∗ 0.628 0.89 (0.32) 0.251 0.18 (0.55) 0.445
Placebo 0.88 (0.33) 1 (0) 0.94 (0.24) 0.97 (0.18) 0.09 (0.39)

Construction Probiotic 0.97 (0.18) 0.194 0.9 (0.3) 0.603 0.97 (0.18) 0.362 1 (0) 0.190 0.04 (0.19) 0.740
Placebo 0.91 (0.28) 0.94 (0.24) 0.91 (0.29) 0.94 (0.25) 0.06 (0.44)

Data are indicated as mean (SD). p value shows inter-group difference (probiotics versus placebo) (Wilcoxon rank-sum test), †p < 0.05. Difference from baseline was analyzed by Wilcoxon signed
rank Test), ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001.
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versus 1.31 ± 0.78, p = 0.031), VOI extent scores
(8.23 ± 13.81 versus 20.17 ± 24.63, p = 0.004) and
ratio (2.18 ± 3.10 versus 5.17 ± 5.06, p = 0.002), but
not GM extent score (3.66 ± 1.77 versus 3.59 ± 1.83,
p = 0.956), in the MMSE-higher subgroup compared
to the MMSE-lower subgroup. These data suggest
that the MMSE-lower subgroup (< 25) had a pro-
gressed VOI-specific brain atrophy at baseline.

Correlation analysis coefficients between the
VSRAD scores and each of the ADAS-Jcog and
MMSE scores are shown in Supplementary Table 2.
Regarding the ADAS-Jcog test, total score and sub-
scale “orientation” were correlated with all VSRAD
categories, and “word recall” was associated with
VOI Z-score, GM extent, and VOI extent scores.
On the other hand, the MMSE test showed that
the total score was inversely correlated with VOI
extent, and “orientation in time” was inversely corre-
lated with all VSRAD parameters. Moreover, “recall”
and mMMSE were inversely correlated with VOI
Z-score, VOI extent, and ratio scores. Overall, this
data from ADAS-Jcog and MMSE indicate that brain
atrophy seen in MCI is associated with the ability
of “word recall” and “orientation”, two tasks that
require hippocampal short-term memory function
(word recall) and the inferior parietal lobe (orienta-
tion) [26].

Effect of B. breve MCC1274 supplementation on
VSRAD

VSRAD data were obtained from 89 subjects for
both baseline and week 24. There was no differ-
ence in the baseline age and MMSE scores (Table 1),
so data analysis of VSRAD was conducted on this
data set. Changes in VSRAD score before and after
the intervention is shown in Table 8. An increase in
the scores of GM extent (p < 0.05) and VOI extent
(p < 0.1) was observed in the placebo group but not
in the probiotic group, suggesting an increase in
brain atrophy over time in untreated participants only
(Supplementary Figure 1). A significant intergroup
difference was observed in the changes from baseline
of GM extent score (p = 0.013). Subgroup analyses
were performed according to VOI Z-score at base-
line (≥1.0 versus < 1.0, Table 9). For those with a
Z-score<1, the GM extent score tended to increase in
the placebo group, but there were no marked changes
for other parameters in both groups. On the other
hand, for those with a Z-score ≥1.0, VOI Z-score
(p < 0.05), VOI extent (p < 0.01), and Ratio scores
(p < 0.05) were significantly increased from baseline
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Fig. 2. Change of MMSE (A to C) and change of mMMSE (D to E) from 0 to 24 weeks. A and D show data from the full analysis set.
B and E for participants with baseline MMSE < 25, and C and F for participants with baseline MMSE ≥ 25. Modified MMSE (mMMSE)
are calculated by abstracting Serial-7 from the eleven items of MMSE. Filled circle (MCC1274), open circle (placebo). †p < 0.1, ∗p < 0.05,
significant difference from Placebo group (Wilcoxon rank-sum test).

Table 7
Subgroup analysis of VSRAD by baseline MMSE scores

VSRAD

VOI Z-score p GM extent p VOI extent p Ratio p

All subjects (n = 109) 1.15 (0.67) 3.63 (1.79) 13.49 (20.13) 3.5 (4.64)
MMSE ≥ 25 (n = 61) 1.02 (0.55) 0.031 3.66 (1.77) 0.956 8.23 (13.81) 0.004 2.18 (3.10) 0.002
MMSE < 25 (n = 48) 1.31 (0.78) 3.59 (1.83) 20.17 (24.63) 5.17 (5.66)

Data are indicated as mean (SD). P value, inter-group difference (MMSE ≥ 25 versus MMSE < 25) (Welch’s t test). VSRAD, Voxel-based
Specific Regional Analysis System for Alzheimer’s Disease; VOI, volume of interest; GM, gray matter atrophy in the whole brain; Ratio,
VOI extent/GM extent.

Table 8
Summary of VSRAD variability in the full analysis set

Group Baseline Week 24 Week 24 p

VOI Z-score Probiotic 1.21 (0.69) 1.22 (0.75) 0.01 (0.17) 0.357
Placebo 1.02 (0.6) 1.04 (0.62) 0.02 (0.11)

GM extent Probiotic 3.64 (1.82) 3.56 (1.63) –0.07 (0.45) 0.013
Placebo 3.56 (1.91) 3.73 (2.06)∗ 0.16 (0.42)

VOI extent Probiotic 15.98 (20.76) 16.41 (21.78) 0.43 (4.99) 0.527
Placebo 9.75 (19.04) 10.74 (19.97)† 0.98 (2.45)

Ratio Probiotic 3.97 (4.39) 3.98 (4.4) 0.01 (1.33) 0.97
Placebo 2.5 (4.25) 2.74 (4.41) 0.24 (0.95)

Data are indicated as mean (SD). p value shows inter-group difference (probiotics versus placebo) (Wilcoxon rank-sum test). Difference
from baseline was analyzed by Wilcoxon signed rank Test), †p < 0.1, ∗p < 0.05. VSRAD, Voxel-based Specific Regional Analysis System
for Alzheimer’s Disease; VOI, volume of interest; GM, gray matter atrophy in the whole brain; Ratio, VOI extent/GM extent.

in the placebo group, but not in the probiotic group.
A nearly significant difference was observed in the
changes from baseline in these parameters between
the two groups (VOI Z score: p = 0.086; GM extent:
p = 0.057; VOI extent: p = 0.055).

Gut microbiota

The fecal samples were analyzed by 16S rRNA
gene sequencing to evaluate the composition of gut

microbiota. Supplementary Table 3 shows the gut
microbiota composition in the subgroups divided
by baseline MMSE scores (≥25 versus < 25). There
was a significant lower relative abundance of Acti-
nobacteria at the phylum level and Bifidobacterium
at the genus level (p = 0.006) in the lower subgroup
of baseline MMSE score (< 25) compared to the
higher subgroup (≥25) (Suppplememtary Table 3,
Fig. 3A). On the other hand, the relative abundance of
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Table 9
Subgroup analysis of VSRAD variability by baseline VOI Z-score

Group Baseline Week 24 Week 24 p

Subgroup VOI Z-score ≥ 1.0
VOI Z-score Probiotic n = 22 1.69 (0.62) 1.72 (0.71) 0.02 (0.22) 0.086

Placebo n = 16 1.61 (0.69) 1.7 (0.67)∗ 0.09 (0.12)
GM extent Probiotic n = 22 4.3 (2.14) 4.15 (1.8) –0.15 (0.51) 0.056

Placebo n = 16 4 (2.15) 4.16 (2.34) 0.16 (0.44)
VOI extent Probiotic n = 22 29.32 (21.12) 29.86 (22.84) 0.54 (6.86) 0.055

Placebo n = 16 26.57 (25.54) 29.58 (25.41)∗∗ 3 (3.26)
Ratio Probiotic n = 22 7.11 (3.92) 7.09 (3.98) –0.02 (1.83) 0.287

Placebo n = 16 6.6 (5.28) 7.41 (4.9)∗ 0.81 (1.44)
Subgroup VOI Z-score < 1.0
VOI Z-score Probiotic n = 20 0.68 (0.21) 0.67 (0.26) –0.01 (0.1) 0.923

Placebo n = 31 0.71 (0.14) 0.7 (0.16) –0.01 (0.1)
GM extent Probiotic n = 20 2.91 (1.02) 2.93 (1.14) 0.02 (0.42) 0.118

Placebo n = 31 3.34 (1.76) 3.5 (1.89)† 0.16 (0.42)
VOI extent Probiotic n = 20 1.31 (2) 1.62 (2.73) 0.31 (0.76) 0.383

Placebo n = 31 1.07 (1) 1.01 (1.28) –0.06 (0.76)
Ratio Probiotic n = 20 0.52 (0.83) 0.56 (0.89) 0.05 (0.26) 0.404

Placebo n = 31 0.39 (0.38) 0.32 (0.41) –0.06 (0.26)

Data are indicated as mean (SD). p value shows inter-group difference (probiotics versus placebo) (Wilcoxon rank-sum test). Difference
from baseline was analyzed by Wilcoxon signed rank Test), †p < 0.1, ∗p < 0.05, ∗∗p < 0.01. VSRAD, Voxel-based Specific Regional Analysis
System for Alzheimer’s Disease; VOI, volume of interest; GM, gray matter atrophy in the whole brain; Ratio, VOI extent/GM extent.

Fig. 3. Subgroup analysis of gut microbiota composition by baseline MMSE scores.

Prevotella (p = 0.009), Clostridiaceae|g (p = 0.007),
Ruminococcaceae|g (p = 0.044), and Phascolarcto-
bacterium (p = 0.041) were significantly higher in the
lower subgroup (Fig. 3B-D).

When we look at the influence of sample con-
sumption on the gut microbiota composition, Bray-
Curtis PCoA based on the genus level composition

showed no significant difference between groups
and before and after the sample intake (Fig. 4).
Likewise, no significant change was observed
from baseline by the probiotic supplementation,
although there was some fluctuation in the placebo
group (Firmicutes, p = 0.083; Lachnospira, p = 0.09;
Haemophilus, p = 0.027) (Supplementary Table 4).
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Fig. 4. Gut microbiota profiles by Bray-Curtis PCoA based on
the genus level composition between groups and before and after
the sample intake of Bifidobacterium breve MCC1274 or placebo.
Open triangle: Placebo group at baseline; Open circle: Probiotic
group at baseline; Filled triangle: Placebo group after intervention;
Filled circle: Probiotic group after intervention.

DISCUSSION

In this study, neuropsychological tests by ADAS-
Jcog and MMSE showed the improvement of
cognitive function on some subscales scores but not
the total scores by the consumption of B. breve
MCC1274 in the MCI subjects. In addition, the probi-
otic supplementation for 24 weeks suppressed brain
atrophy progression as assessed by VSRAD based
on brain MRI. We also observed differences in the
VSRAD scores as well as the gut microbiota com-
position between subgroups based on the baseline
MMSE scores (≥25 versus < 25). No marked impact
was observed on the gut microbiota by the probiotic
consumption.

Several kinds of tests are used to confirm a diag-
nosis of MCI. The most widely used test to assess
the development of anti-dementia drugs has been the
Alzheimer’s Disease Assessment Scale–Cognitive
subscale (ADAS-Cog) [27]. However, the original
ADAS-cog had shown limited sensitivity to detect
changes over time in the early-AD population when
therapies were testing the AD amyloid hypothesis
[28]. This limitation is thought to be due to the lack
of measures to assess sensitivity to change in cogni-
tive domains that are impaired early in the condition,
such as attention and executive functions [29]. For
this reason, variants of the original ADAScog were
developed, such as ADAS-cog3 and ADAS-cog5,
to help capture treatment effects over time and get

around several ceiling effects but with mixed suc-
cess [29]. We could confirm the limitations of the
ADAS-cog11 (ADAS-Jcog) utilization to evaluate an
intervention in the MCI population when looking at
the overall score change comparing placebo to the
probiotic B. breve MCC1274. However, in our study,
participants taking B. breve MCC1274 deteriorated
significantly less than those taking placebo for “ori-
entation” (p = 0.021). The “orientation” measures the
capacity of an individual to answer year correctly,
month, day, week date, time of day, place, and person
(ref: https://www.fda.gov/media/122843/download,
p. 29). In addition, together with “word recall” and
“word recognition”, it is one of the three tasks
amongst the ADAS-cog11 demonstrating the most
significant standardized response means in the MCI
population [27].

The other test we have used in this study to
detect cognitive function improvement by B. breve
MCC1274 is the MMSE. The simplicity of this test
(11 questions) makes it practical to assess people’s
cognition quickly and, in particular, those suspected
of suffering from MCI [30]. However, it is not as
sensitive as RBANS, which we used successfully to
demonstrate the cognitive skills enhancing abilities
of B. breve MCC1274 recently in a similar Asian
population [12]. FAS did not show any significant
difference between groups; however, when separat-
ing total MMSE more severe (< 25) and less severe
(≥25), we observe a significant effect of the pro-
biotic for the ADAS-Jcog “orientation” subdomain
(p = 0.022) over placebo as well as the MMSE “ori-
entation in time” (p = 0.006) in participants with more
severe cognitive impairment (MMSE < 25). A related
score, “orientation in place”, showed an improve-
ment trend over placebo (p = 0.108). Both subdomain
tests related to orientation (in ADAS-Jcog and
MMSE) got favorable results in the probiotic group,
suggesting that B. breve MCC1274 consumption
improves a brain region called the inferior parietal
lobe, an area required for fulfilling orientation tasks
[26].

We have calculated a modified MMSE score
(mMMSE), which makes abstraction of the Serial-
7 since it has been reported that Japanese subjects
with MCI tend to perform better than in other popu-
lations [18]. By omitting Serial-7, we observe a nearly
significant improvement of the mMMSE for the
FAS (p = 0.0587) and participants with MMSE < 25
(p = 0.0604) (Fig. 2). However, no effect is seen
for participants with milder cognitive impairment
(MMSE ≥ 25). These data strongly support the poten-

https://www.fda.gov/media/122843/download
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tial of B. breve MCC1274 consumption in improving
cognitive function of the MCI subjects.

VSRAD allows images manipulation and statisti-
cal analysis based on the theory of VBM. VSRAD
can evaluate the degree of brain atrophy in the
medial temporal region, including the hippocam-
pus, parahippocampal gyrus, and amygdala, called
VOI, which shows profound changes in AD. One of
the critical features of VBM is that it can absorb
inter-personal differences in brain size and shape
by morphologically transforming only the specific
tissue of interest in a subject’s brain image and align-
ing it with one particular “standard capacity”. This
allows statistical comparison of brain volumes of sev-
eral different subjects on a shared image space on a
voxel scale. Based on such voxel-scale analysis, four
parameters, VOI Z-score, GM extent, VOI extent, and
ratio scores, are calculated by VSRAD. In general, if
the value of VOI Z-score is < 1, there is almost no
brain atrophy; if the value is within 1–2, atrophy is
slightly observed, and if the value is > 2, substantial
atrophy is detected [22]. GM extent and VOI extent
scores represent the percentage of atrophy in the gray
matter of the whole brain and VOI, respectively.

Previous studies have demonstrated the correla-
tion between the MMSE total score and the degree
of atrophy in VOI regions, including the hippocam-
pus, amygdala, and parahippocampal gyrus [21]. In
terms of the VSRAD data, we first evaluated the
association with cognitive function scores. As shown
in Table 7, subgroup analysis based on the median
MMSE score showed significant differences in all
parameters except the GM extent score. In confirming
the previous report, our study showed a progres-
sive degree of atrophy in the VOI region in subjects
with lower MMSE scores, demonstrating that these
subjects’ impaired cognitive function is not mainly
owing to aging-induced decline. Our data confirmed
the usefulness of VSRAD imaging diagnosis.

Furthermore, the uniqueness of this study is that
we investigated the correlation between brain atro-
phy and the MMSE and ADAS-Jcog at the subscale
level, as shown in Supplementary Table 2. We found
that the correlation was exceptionally high with cate-
gories related to recall and orientation. Regarding the
ADAS-Jcog test, total score and “orientation” were
correlated with all VSRAD categories, and “word
recall” was correlated with VOI Z-score, GM extent,
and VOI extent scores. On the other hand, the MMSE
test showed that the total score was inversely cor-
related with VOI extent, and “orientation in time”
was inversely correlated with all VSRAD parame-

ters. Moreover, “recall” and mMMSE were inversely
correlated with VOI Z-score, VOI extent, and Ratio
scores. To the best of our knowledge, this study is the
first to investigate the relationship between VSRAD
and cognitive function scores in a subdomain, and our
results look very reasonable since memory impair-
ment and disorientation are both core symptoms at
the early stage of dementia.

Regarding brain atrophy in the placebo and pro-
biotic groups, several parameters reflecting brain
atrophy significantly worsened in the placebo group,
while none of the parameters changed in the probi-
otic group. In those with brain atrophy with a VSRAD
Z-score ≥1 at baseline, the placebo group showed a
significant increase in VOI Z-score, VOI extent, and
Ratio scores within 24 weeks, indicating brain atro-
phy progression. On the other hand, in the probiotic
group, these values did not change, suggesting that B.
breve MCC1274 suppresses the progression of brain
atrophy. Interestingly, we recently observed that the
suppression of brain atrophy by B. breve MCC1274
consumption is also seen in a tau transgenic mouse
model with a possible mechanism mediated by the
modulation of inflammatory reaction (manuscript
submitted for review).

While this is the first report of a probiotic stop-
ping brain atrophy in an MCI population, there have
been reports of small molecules possessing anti-
inflammatory activity having similar effects. One
of these is ibudilast, a phosphodiesterase inhibitor
showing anti-inflammatory effects studied in a multi-
ple sclerosis trial [31]. According to a meta-analysis
of longitudinal randomized placebo-controlled trials,
approved AD drugs such as acetylcholine esterase
inhibitors showed limited but significant prevention
of brain atrophy [32]. In contrast, memantine did not
prevent brain atrophy [33]. Tramiprosate (homotau-
rine) demonstrated dose-dependent preservation of
hippocampal volume using MRI and was proposed to
act via its anti-inflammatory effect in amnestic MCI
population [34]. Another clinical intervention using a
combination of high-dose folic acid, vitamin B6, and
B12 in MCI subjects was associated with reducing
the inflammatory marker homocysteine and a 53%
reduction of brain atrophy [35].

A critical type of specific inflammation that will
lead to gray matter atrophy is vascular inflammation
[36]. Peripheral inflammation can disrupt the blood-
brain barrier (BBB) and allow peripheral monocytes
and neutrophils to get in the brain parenchyma,
exacerbating inflammation [37–39]. Inflammation to
brain vasculature also affects astrocytic cell function.
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Astrocytes sense blood nutrients as blood vessels
in the CNS are ensheathed by astrocytes endfeet
that regulate BBB permeability and coordinate the
entrance of nutrients into the brain [40]. Considering
that brain vasculature is also part of the lymphatic
drainage system [41], any damage caused by inflam-
mation of cells involved in such system is likely
to impact the brain profoundly and potentially con-
tribute to brain atrophy [42, 43]. In support of this
possibility, previous studies have shown in mice
that gut microbiota associated with pro-inflammatory
molecules production such as lipopolysaccharides
can disrupt the BBB and that probiotic consumption
that included Bifidobacterium strains had a posi-
tive impact on restoring [44, 45]. In that aspect, we
speculate that consumption of the probiotic B. breve
MCC1274 in MCI participants in this study may have
regulated microglial cells activation. We observed
this phenomenon previously in a pre-clinical model,
where oral B. breve MCC1274 supplementation pre-
vented memory impairment, decreased hippocampal
amyloid-� levels, attenuated microglial activation,
and repressed expression levels of pro-inflammatory
cytokines in the brain of AppNL-G-F mice [46].

We have analyzed the gut microbiota composition
of the study participants to get insights as to whether
this could explain the prevention of brain atrophy and
cognitive improvement. Multiple reports have shown
the association of cognitive impairment with altered
gut microbiome composition. The abundance of Pro-
teobacteria is highly enriched while Firmicutes is
significantly reduced in patients with AD [47]. Other
studies have also shown decreased Firmicutes gut
composition, increased Bacteroidetes, and decreased
Bifidobacterium in AD subjects [7, 48]. In addi-
tion, the altered composition has also been reported
in MCI patients, such as the higher prevalence of
Bacteroides, enriched genera from Porphyromon-
adaceae family, and decreased the abundance of
genera Blautia and Ruminococcus [49]. However,
there is not yet a clear association of specific bac-
terial taxa with the pathogenicity of AD and MCI.
The reasons for the reported differences between
studies may be due analysis of populations from dif-
ferent countries and regions that are influenced by
several variables such as diet, cultural factors, cli-
mate, and methodology for analysis. In this study, we
could not compare the microbiota with healthy sub-
jects; however, we observed an altered composition
among MCI subjects with higher or lower MMSE
scores, represented by lower relative abundance of
Bifidobacterium and higher relative abundance of

Prevotella, Clostridiaceae|g , Ruminococcaceae|g ,
and Phascolarctobacterium in the subgroup with
lower MMSE baseline score (< 25). Prevotella is a
genus with vast genetic diversity, and some of them
have been associated with gut inflammation [50]. Guo
et al. reported that patients with AD had increased
Prevotella at the genus level compared with healthy
controls [51]. Phascolarctobacterium can produce
short-chain fatty acids, including acetate and pro-
pionate, and is more abundant in the AD spectrum
[52]. Bifidobacterium is a dominant genus in the
human gut, and both decrease and increase in abun-
dance in AD patients have been reported [48, 52]. The
Japanese population is known to have a higher preva-
lence of Bifidobacterium in the gut [53]. As far as we
know, our study is the first report about the differ-
ence in gut microbiota composition in MCI subjects
associated with the severity of cognitive impairments.

When considering the impact of the treatment on
the gut microbiota, we found some fluctuation in the
composition in the placebo group during the 24 weeks
intervention, but there was no marked change in the
probiotic group. These results may imply that probi-
otic supplementation plays some role in maintaining
the balance of the gut microbiota; nevertheless, the
impact appears to be limited. As reported, it might
not be feasible to alter the gut microbiota of healthy
human subjects or MCI with a single probiotic [54].
We observed previously in a pre-clinical model that
sonicated cell components and acetate, a specific
metabolite produced by Bifidobacterium, partially
improved the cognitive function activity in mice
where amyloid-� is injected into mouse brains. How-
ever, live bacteria showed the most potent activity
[10]. We suppose that cell components and metabo-
lites produced by the live probiotic strain and factors
generated by interaction with dietary components are
possibly contributing to the mechanisms of this strain,
which requires future investigation.

The main limitations of our study were the meth-
ods we used for neuropsychological tests to observe
the cognitive improvement of the probiotic in this
MCI population. We also initially powered the study
to include a minimum of 70 participants per group,
but this number could not be reached due to circum-
stances created by the COVID-19 pandemic. Future
clinical studies using Peripheral Benzodiazepine
Receptor (PBR) Pet-imaging (brain inflammation
evaluation), VSRAD, and adequate cognitive tests
for the MCI population, such as RBANS, will help
clarify B. breve MCC1274’s mechanism and disease-
modifying properties. Although we found a high
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adherence to the probiotic supplementation, it will be
ideal to confirm trial participants’ compliance using
a strain specific primer when assessing fecal samples
in the future.

In conclusion, improvement of cognitive func-
tion was observed in subdomains of ADAS-Jcog
and MMSE in this study that are known to change
early before dementia sets in. Those changes were
also correlated with the effects of the probiotic on
preventing brain atrophy progression after 24-weeks
of daily intake. These results indicate that B. breve
MCC1274 is a practical approach for preventing
cognitive impairment of MCI subjects. However, fur-
ther research is necessary to understand B. breve
MCC1274 mechanism(s) of action.
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