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Abstract: Background: Probiotics have been shown to enhance cognitive function in indi-
viduals with mild cognitive impairment (MCI), but their efficacy varies, depending on the
strain and dosage. Objectives: Clinical investigations are crucial to confirm their safety,
efficacy, and mechanism of action. This study was designed to assess the effective dosage,
safety, and efficacy of MH-Pro, a test product containing Lacticaseibacillus rhamnosus CBT-
LR5 (LR5) and skim milk (non-fat dry milk), in improving cognitive function and related
physiological changes in older adults suspected of MCI over 12 weeks. Methods: In total,
20 participants (mean age: 68.9 years) were randomly assigned in a 1:1 ratio to either a
low-dose group (1 x 10!° CFU LR5 with 1622 mg) or a high-dose group (1 x 10'° CFU LR5
with 4055 mg skim milk) in a double-blind, parallel-group clinical trial. Results: After
12 weeks, the low-dose group showed significant improvements in the MOCA-K subdo-
mains, specifically in naming (p = 0.01) and delayed recall (p = 0.003). Additionally, levels
of amyloid-f31 40/42 in the blood significantly decreased (p = 0.03) following supplemen-
tation in the low-dose group. The high-dose group exhibited significant improvement
in orientation (p = 0.05). Moreover, overall cognitive enhancement was observed in the
low-dose group (p = 0.003), while the high-dose group showed a trend toward improve-
ment (p = 0.06). Fecal analysis revealed significant changes in bacterial composition, with
an increase in Lacticaseibacillus after 12 weeks of MH-Pro consumption. Together, these
findings provide foundational evidence suggesting that MH-Pro supplementation may
serve as a potential intervention for enhancing cognitive function through gut-brain axis
pathways in the elderly population. However, given the small sample size and the pre-
dominance of female participants, the impact of the outcome may be limited. Further
large-scale studies are necessary to validate these preliminary results. Conclusions: This
study provides foundational evidence to recognize the use of LR5 and skim milk to prepare
a probiotic supplement that enhances cognitive function in the aging population.
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1. Introduction

The global aging population is being driven by enhanced healthcare, decreasing birth
rates, and demographic transitions, resulting in a more significant proportion of elderly
individuals within society. Specifically, the proportion of the elderly population is expected
to rise to 22% by 2050, which is nearly double the current rate [1]. This demographic shift
will heighten concerns about the diseases prevalent among the elderly population. The 2023
Dementia Status Report from the Korean Central Dementia Center (KDRC) reported that
around 940,000 individuals aged 65 and older were diagnosed with dementia in 2022. The
figure is projected to increase to 1.05 million by 2024, 2.26 million by 2040, and 3.34 million
by 2070. Additionally, the medical costs associated with dementia were estimated to be
KRW 2.8 trillion in 2022, a 58.6% increase from KRW 1.6 trillion in 2015 [2]. Similarly, the
Alzheimer’s Association, USA reported that about 7 million elderly individuals in the
United States are currently affected by dementia, and the associated caregiving costs are
projected to reach USD ~360 billion by 2024 [3]. These data highlight that the financial
burden, coupled with dementia-related concerns in older people, substantially affects
quality of life. Thus, there is an urgent need for effective strategies to improve the health of
the elderly and minimize healthcare expenditures.

Mild cognitive impairment (MCI) is an intermediate stage between normal aging-
related cognitive decline and more serious conditions like dementia. Individuals with
MCI experience noticeable cognitive changes, such as memory loss or difficulty with think-
ing skills, but these changes are not severe enough to interfere significantly with daily
life. Some people with MCI remain stable, while others may progress to dementia, in-
cluding Alzheimer’s disease (AD). Dementia is a broad term that refers to a decline in
cognitive abilities severe enough to interfere with daily activities. It is not a single disease
but a syndrome caused by various brain disorders. Dementia affects memory, reasoning,
problem-solving, language, and even personality. Common types of dementia include AD,
vascular dementia, frontotemporal dementia, Lewy body dementia, etc. AD is the most
common cause of dementia, accounting for 60-80% of cases. It is a progressive neurode-
generative disorder characterized by the accumulation of amyloid-beta plaques and tau
tangles in the brain. Symptoms include memory loss, confusion, language difficulties, and
impaired problem-solving. AD worsens over time, eventually leading to severe cognitive
and functional impairment [4]. Currently, FDA-approved acetylcholinesterase inhibitors,
such as donepezil, rivastigmine, lecanemab, donanemab and memantine, and N-methyl-
D-aspartate (NMDA) receptor antagonist, are prescribed to treat dementia [5]. However,
these medications offer temporary cognitive improvements, and several side effects have
been reported [6,7]. Thus, investigation into non-pharmacological treatments, such as
the Mediterranean diet and multidomain lifestyle interventions, has been consistently
explored to reduce the side effects and enhance the effects of these drugs [8,9]. Also, these
non-pharmacological treatments potentially help improve cognitive function and overall
health while avoiding the side effects of medication.

Probiotics have long been recognized for their benefits beyond bowel function, includ-
ing beneficial effects on Type 2 diabetes, antioxidant activity, anti-inflammatory responses,
and allergies [10-13]. Interestingly, recent investigations confirmed the impact of gut
microbiota imbalances on the brain, indicating that such imbalances may lead to neurode-
generative disorders [14,15]. With advances in gut-brain research investigations, probiotics
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that influence gut microbiome balance offer promising avenues for combating AD and
dementia. Dairy products, including milk and milk-derived products, contain various
nutrients such as proteins, calcium, magnesium, zinc, and vitamins, which are beneficial for
physiological functions. Multiple investigations have indicated the beneficial effects against
osteoporosis, depression, diabetes, and cardiovascular diseases [16-18]. Previous studies
indicated that milk components, such as fats, proteins, casein, and whey protein, serve
as substrates for beneficial gut bacteria, which produce bioactive peptides with diverse
physiological effects [16,17]. However, the precise mechanism by which milk constituents
positively affect gut health and cognitive function is unclear, prompting further investiga-
tion into the efficacy of milk-based therapies in improving cognitive function. Therefore,
developing a probiotic formulation enriched with milk components is essential to har-
ness their synergistic effects on gut health. This combination may enhance the gut-brain
axis pathway, ultimately improving cognitive function. This randomized, double-blind,
parallel-group clinical trial aimed to evaluate the effects of MH-Pro, a product prepared
with a probiotic Lacticaseibacillus rhamnosus CBT LR5 and skim milk (non-fat dry milk),
on cognitive function and physical changes in elderly individuals suspected of having
MCI. The positive findings of this investigation contribute to the development of natural
treatments with minimum or no side effects while significantly lowering treatment costs.

2. Materials and Methods
2.1. Test Product

The MH-Pro test product was prepared with LR5, skim milk, maltose, dextrose, milk
flavor, and starch. LR5 is a probiotic strain isolated from Korean human feces and classified
as the KCTC 12202BP strain. Each packet of MH-Pro contains 5 x 10° CFU of LR5 with
811 mg (low dose) or 2027.5 mg (high dose) of skim milk.

2.2. Study Design

This randomized, double-blind, parallel-group, non-comparative clinical trial was
conducted from September 2023 to February 2024 at the Clinical Trial Center for Functional
Foods (CTCF2). The clinical trial received IRB approval from Jeonbuk National University
Hospital (approval No. CUH 2023-05-055) and is registered with the Clinical Research
Information Service of the Republic of Korea (approval number: KCT0009966). The trial
aimed to evaluate the efficacy and safety of MH-Pro at low (1 x 10! CFU/day of LR5
and 1622 mg/day of skim milk) and high (1 x 10'° CFU/day of LR5 and 4055 mg/day
of skim milk) doses in adults over 60 years with indications of MCI. In total, 20 subjects
with low total scores on the AD assessment scale for the Korean version of the Consortium
to Establish a Registry for Alzheimer’s Disease Assessment Packet (CERAD-K) and the
Montreal Cognitive Assessment (MOCA-K), indicative of MCI, were included in the study.
All the participants gave informed consent prior to the trial. Following consent, the subjects
were screened and attended their first visit within three days of the screening visit to
confirm eligibility based on the inclusion and exclusion criteria before being enrolled in
the trial. All the participants were randomly assigned to one of two groups: the low-
dose MH-Pro group or the high-dose MH-Pro group, with 10 participants in each group,
at a 1:1 ratio. All participants received instructions to adhere to their regular lifestyle,
including dietary practices and physical activity, and to abstain from consuming any
additional functional foods, probiotics, or dietary supplements throughout the intervention.
The 12-week intervention was designed on the basis of multiple clinical trials involving
probiotics [19-22]. Furthermore, previous studies have confirmed the efficacy of LR5
probiotic supplementation for non-alcoholic fatty liver disease (NAFLD) through a 12-week
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clinical trial, supporting the intervention period [23,24]. A schematic representation of the
study design is shown in Figure 1.

Screening Randomization End of study

4

L | Randomized, double-blind, paralle], >
non-comparative study

MH-Pro High dose (n =10)
L. rhaimnosus CBT-LR5 1 * 10° CFU/day + Skim milk 4055 mg/day

MH-Pro low dose (1 =10)
L. thamnosus CBT-LR5 1 * 101 CFU/day + Skim milk 1622 mg/day

— 3 week 0 week 6 week 12 week
(Visit 1) (Visit 2) (Visit 3)
Fecal
collection . .
Evaluation for
cognitive function ® ®
Vital signs check
and medication . . .

adherence survey

Figure 1. A schematic representation of the trial design.

2.3. Inclusion and Exclusion Criteria

The inclusion criteria were: (1) men and women aged 60 or older who complained
of memory decline during the screening test; (2) participants who met at least one of the
following criteria, based on the three components of the CERAD-K [25] word list: a memory
test score, a recall test score, or a recognition test score that fell 1 to 1.5 standard deviations
(SD) below the normal range; (3) individuals with a total score of 22 or below on the
MOCA-K; and (4) written informed consent obtained after a comprehensive explanation of
the study and agreement to adhere to the study’s requirements.

Exclusion criteria were: (1) those undergoing treatment for major depressive disorder,
having a history of treatment within the past 3 years, or a Beck Depression Inventory-II
(BDI-1I) score of 16 or higher; (2) individuals with conditions associated with cognitive
impairment, such as dementia, Parkinson’s disease, or cerebral infarction; (3) individu-
als regularly consuming probiotics or fermented dairy products (e.g., yogurt, cheese) at
least four times per week within 4 weeks prior to the screening test; (4) alcohol abuse or
dependence within 3 months prior to the screening test; (5) individuals unable to read
or understand the Korean language; (6) clinically significant acute or chronic diseases
requiring treatment, including cardiovascular, cerebrovascular, endocrine, immune, respi-
ratory, hepatobiliary, renal and urological, neuropsychiatric, musculoskeletal, inflamma-
tory, hematologic/oncologic, or gastrointestinal disorders; (7) individuals on medications,
health supplements to improve cognitive function or memory improvement, or prohibited
concurrent drugs, within 1 month prior to the screening test; (8) those on psychotropic
medications, including antipsychotics, antidepressants, mood stabilizers, hypnotics, or
anxiolytics, within 1 month prior to the screening test; (9) those who had taken antibiotics
within 4 weeks prior to the screening test; (10) those who had donated whole blood within
1 month or blood components within 2 weeks prior to the screening test; (11) those who
had participated in other human clinical trials within 3 months prior to the screening test;
(12) individuals with liver enzyme levels exceeding three times the upper limit of the
reference range for AST or ALT, or a serum creatinine level > 2.0 mg/dL in diagnostic
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laboratory tests; (13) individuals deemed unsuitable for study participation by the principal
investigator due to diagnostic laboratory test results or other reasons.

2.4. Randomization and Blinding

The volunteers selected for the trial were randomly assigned to the different experi-
mental groups. Briefly, randomization was performed using a sequence generated in SAS®
(version 9.2, SAS Institute, Cary, NC, USA) and assigned sequentially to participants to
ensure unbiased group allocation. Randomization codes were generated before the trial and
provided to the clinical research institution. Later, the participants were randomly assigned
in a 1:1 ratio to either the low-dose or high-dose MH-Pro group, with 10 participants in
each. All participants completed the baseline evaluation at the first visit.

2.5. Assessment for Cognitive Function and Biochemical Parameters

The subjects underwent Alzheimer’s Disease Assessment Scale-Cognitive-13 (ADAS-
Cog13) and MOCA-K assessments at baseline and at Week 12. Differences between the
groups were tested using a non-parametric Wilcoxon signed-rank test with a significance
level of less than 5%. The effects of the MH-Pro on cognitive functioning were evalu-
ated by measuring changes in brain-derived neurotrophic factor (BDNF), amyloid-beta,
acetylcholinesterase (AChE), prostaglandin E2 (PGE2), tau protein, and monocyte chemoat-
tractant protein-1 (MCP-1) in the serum at before and after consumption. Differences
between groups were tested using paired/independent t-tests with a significance level of
less than 5%.

2.6. Fecal Sample Collection

Fecal samples were collected at baseline and after the intervention. To analyze the
gut microbiota of the participants, the investigator provided fecal collection kits to the
participants during their assessment visits at baseline (Visit 1) and the follow-up visit
(Visit 3). Participants were instructed to collect approximately 3 g of feces in a collection
container (1 container). Gut microbiota analysis was conducted using next-generation
sequencing (NGS) and metagenomic analysis techniques to analyze the microbial commu-
nity in the fecal samples comprehensively. All collected fecal samples were labeled with a
unique code number generated using the SAS® system to ensure proper identification and
confidentiality. All the collected samples were stored at —80 °C until further processing.

2.7. Fecal DNA Extraction and Next-Generation Sequencing (NGS) Analysis

Microbial DNA was extracted using the SPINeasy DNA Kit for Feces/Soil (MP
Biomedicals, Santa Ana, CA, USA) by following the manufacturer’s protocol. Briefly,
the V4-V5 region of the bacterial 16S rRNA gene was amplified using specific primers: a
forward primer (CCA GCM GCC GCG GTA ATW C) targeting the V4 region and a reverse
primer (CC GTC AAT TYY) targeting the V5 region. The PCR products were purified
with Agencourt® AMPure XP beads (Beckman Coulter, Indianapolis, IN, USA) following
the manufacturer’s guidelines. The isolated microbial DNA quality was evaluated using
both the QuickDrop spectrophotometer (Molecular Devices, San Jose, CA, USA) and the
Qubit™ dsDNA BR Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA) to ensure
quality and concentration for subsequent analyses. The quality of the sequencing libraries
was confirmed using a 2100 Bioanalyzer (Agilent, Santa Clara, CA, USA), and sequencing
was performed on the MiSeq platform (Illumina, San Diego, CA, USA) with the MiSeq
Reagent Kit V2 (Illumina, San Diego, CA, USA). The sequencing data were processed into
FASTQ files for downstream analysis. Preprocessing was performed using the Quantitative
Insights into Microbial Ecology (QIIME 2, version 2023.5, http:/ /qiime2.org, accessed on
21 August 2024) software suite. Noise reduction was performed with the DADA2 denois-
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ing method, and bacterial taxonomy was assigned using the Greengenes2 database. Most
analytical visualizations were carried out with R (version 4.3.2). Spearman’s rank correla-
tion was utilized for correlation analysis. The datasets were statistically compared using
the Wilcoxon rank-sum test, Wilcoxon signed-rank test, and permutational multivariate
analysis of variance (PERMANOVA).

2.8. Dietary Intake and Physical Activity Assessment

The dietary intake of the study participants was assessed using the dietary records
method. Participants were provided with dietary record forms at the first visit (baseline;
Week 0) and third visit (endpoint, Week 12). Participants were advised to document all foods
consumed a day before the baseline (Week 0) and third visit (Week 12) as comprehensively
as possible. The collected information on dietary intake was analyzed using the Can-
Pro 4.0 software program (The Korean Nutrition Society, Seoul, Republic of Korea) to
calculate the average daily intake. Furthermore, to evaluate changes in physical activity, the
Global Physical Activity Questionnaire (GPAQ) was administered at the first visit (baseline;
Week 0) and the third visit (Week 12) [26]. The metabolic equivalent of task (MET) value
was calculated based on GPAQ data. Participants were instructed to maintain their daily
lifestyle, diet, and physical activity throughout the study period.

2.9. Safety Outcome Measurements

The safety of study participants was evaluated before and after their participation in
the clinical trial. Adverse events (AEs) and clinical conditions were monitored and docu-
mented in the case report forms. General parameters such as electrocardiograms (ECGs),
blood pressure, pulse rate, white blood cells (WBCs), red blood cell (RBCs), hemoglobin,
hematocrit, platelet count, neutrophils, lymphocytes, monocytes, eosinophils, basophils,
and creatinine were analyzed as part of the basic safety assessment. Further, biochemical
tests such as total bilirubin, total protein, alkaline phosphatase (ALP), gamma-glutamyl
transferase (GGT), alanine transaminase (ALT), aspartate transaminase (AST), blood urea
nitrogen (BUN), glucose, and creatinine were measured to assess the liver and kidney
function. Additionally, total cholesterol, triglycerides, high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), and non-HDL cholesterol were
analyzed to determine the status of lipid metabolism. These comprehensive evaluations
ensured the health and safety of participants throughout the study:.

2.10. Statistical Analysis

All statistical analyses were conducted using SAS® version 9.4 (SAS Institute, Cary,
NC, USA). Continuous variables are presented as the mean =+ standard deviation (SD),
while categorical variables are expressed as n (%). The final results were evaluated using
the full analysis set (FAS). Baseline characteristics of the MH-Pro high-dose group and the
MH-Pro low-dose group were compared using independent ¢-tests for continuous variables
and Chi-square tests (or Fisher’s exact tests) for categorical variables. Comparisons within
groups (before and after the 12-week intervention) were analyzed using paired ¢-tests or
Wilcoxon signed-rank tests, depending on the data distribution. Independent ¢-tests were
performed to test for homogeneity of baseline characteristics between the two groups for
efficacy endpoints. If the baseline results differed significantly between groups, analysis
of covariance (ANCOVA) was used, with the baseline values included as covariates, to
compare post-intervention outcomes between groups. For efficacy endpoints, normality
tests were performed. If normality was severely violated, non-parametric tests such as
the Wilcoxon rank-sum test or the Wilcoxon signed-rank test were applied. Statistical
significance was determined at the p < 0.05 level.
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3. Results
3.1. Participant Recruitment and General Demographic Characteristics

Participants were recruited from individuals visiting the CTCF2 at Jeonbuk National
University Hospital, Jeonju, Republic of Korea. All participants provided informed consent,
which included signatures from either themselves or their family members, before partici-
pating in the study. In total, 20 subjects over 60 years were recruited for screening, and 20
were selected on the basis of the set inclusion and exclusion criteria. All participants under-
went assessments related to AEs and compliance during the second and third visits. All
participants exhibited a high compliance rate of over 97%, and no AEs were reported during
the intervention. The participants’ mean age was 68.95 + 3.05, and all were experiencing
MCI as per the criteria established by CERAD-K and MOCA-K (Figure 2). All the demo-
graphic information such as sex, age, education, height, weight, BMI, systolic/diastolic
blood pressure, pulse rate, alcoholic status, smoking status, CERAD-K score, MOCA-K
score, and BDI score of participants is shown in Table 1. The MH-Pro high and MH-Pro
low dose groups showed no significant differences among the measured demographic
characters.

Screening

Assessed for eligibility

(n=20)
- Excluded
- (n=0)
Randomization
(n=20)
v
v v
MH-Pro High dose MH-Pro Low dose
(n=10) (n=10)
] Withdrawal of consent .| Withdrawal of consent
(n=1) g (n=1)
v
Evaluation for cognitive function Evaluation for cognitive function
(n=9, male:1 / female:8) (n =9, male:1 / female:8)
Analyzed in NGS Analyzed in NGS
(n =8, male:1 / female:7, excluded (n =8, male:1 / female:7, excluded
n=1RNA was not extracted) n=1RNA was not extracted)

Figure 2. Schematic representation of the selection and distribution of participants in the trial.
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Table 1. General demographic characteristics of the study subjects.
MH-Pro High MH-Pro Low _ o
Dose (1 = 10) Dose (1 = 10) Total (n = 20) p-Value
S Male 1(10.0) 1(10.0) 2 (10.0) 0596
Female 9 (90.0) 9 (90.0) 18 (90.0)
Age (years) 68.50 4= 2.59 69.40 4+ 3.53 68.95 £ 3.05 0.52
Education (years) 12.30 £ 3.33 11.70 £ 2.98 12.0 + 3.09 0.68
Height (cm) 156.20 + 4.94 153.80 + 5.69 155.0 £5.33 0.33
Weight (kg) 58.25 + 5.11 58.42 +7.22 58.34 4+ 6.09 0.95
BMI (kg/mz) 23.86 + 1.45 24.66 + 2.45 2426 + 2.0 0.39
Systolic blood pressure 12520 £15.75  129.60 £ 1539  127.40 + 15.32 0.54
(mmHg)
Diastolic blood 74.0 £ 9.30 75.10 + 9.52 7455 +9.17 0.80
pressure (mmHg)
Pulse rate (beats/min) 72.20 £ 10.02 72.20 £ 8.97 72.20 £ 9.25 >0.99
Alcoholic drinking @
tabus. (%) 2 (20.0) 2 (20.0) 4(20.0) >0.99
Amount of alcohol 8.0 + 8.49 7.20 + 5.09 7.60 4+ 5.73 0.92
status (g/week)
Smoking status, n (%) 0(0.0) 0 (0.0) 0 (0.0) -
Comorbidities, n (%) Hypertension 5(35.7) 2 (14.3) 7 (50.0) 0.50 @
Dyslipidemia 4 (28.6) 3(21.4) 7 (50.0)
Hypertension 7 (41.2) 3(214) 10 (32.3)
Dyslipidemia 4 (23.5) 4 (28.6) 8 (25.8)
Medications, n (%) Vaccination 030
(COVID-19, 2(11.8) 0(0.0) 2 (6.4)
influenza)
None 4(235) 7 (50.0) 11 (35.5)
Word list 19.60 + 2.41 19.40 + 2.88 19.50 4 2.59 0.87
memory
CERAD-K (score) Wf;illft 5.70 &+ 1.34 5.90 & 0.88 5.80 + 1.1 0.70
Word list 8.20 + 1.03 7.90 & 0.9 8.05+ 1.0 0.52
recognition
Total
MOCA-K 20.30 + 1.89 19.70 + 1.64 20.0 £1.75 0.46
score (score)
BDI (score) 9.20 £+ 3.79 8.20 +4.42 8.70 +4.04 0.59

Values are presented as the mean + SD or n (%). ()’ Analyzed by the independent t-test; ?) analyzed by chi-square
test; ® analyzed by Fisher’s exact test. Abbreviations: BMI, body mass index; CERAD-K, A Korean version of
the Consortium to Establish a Registry for Alzheimer’s Disease Assessment Packet; MOCA-K, Korean Montreal
Cognitive Assessment; BDI, Beck Depression Inventory.

3.2. Primary/Secondary Outcomes for Cognitive Function

This investigation met the primary and secondary endpoints after 12 weeks of MH-Pro
consumption. After 12 weeks, a significant difference was observed in the ADAS-Cog13
concentration test in the MH-Pro high-dose group (p = 0.04). Collectively, no statistical
differences were observed between MH-Pro high- and low-dose participants (Table 2). In
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addition, for the MOCA-K, the naming and delayed recall domains showed a significant
improvement in the MH-Pro low-dose group (p = 0.01 and p = 0.0039, respectively). Specif-
ically, the MH-Pro low-dose group performed significantly better on the delayed recall
test. Moreover, orientation was significantly improved in the MH-Pro high-dose group
(p = 0.05). Together, the low-dose group demonstrated a significant cognitive improve-
ment in total (p = 0.004), while the MH-Pro low-dose group participants showed a trend
towards improvement (p = 0.06) (Table 3). Additionally, a significant reduction in levels
of amyloid -1 40/42 (p = 0.03) was observed in the MH-Pro low-dose group, indicating
meaningful changes in cognitive-related blood markers (Table 4).

Table 2. Assessment of cognitive changes via the ADAS-Cog13 test.

MH-Pro High Dose = MH-Pro Low Dose

(1= 9) (= 9) p-Value @
Baseline 1144 + 472 13.44 + 343 0.32
Memory Visit 3 10.78 + 2.59 11.44 + 3.84
(score) Change from baseline —0.67 + 343 —2.0+30 0.39
p-value M 0.58 0.08
Baseline 1.89 & 1.27 1.67 + 1.50 0.74
Language Visit 3 0.89 + 0.93 133+ 1.0
(score) Change from baseline —1.0 £ 141 —0.33 + 1.94 0.42
p-value 0.067 0.62
Baseline 1334071 1.89 +1.36 0.29
Praxis Visit 3 1.33 4071 1.67 +0.87
(score) Change from baseline 0.0 +0.71 —0.22 + 1.64 0.72
p-value 1) >0.99 0.70
Baseline 211 +1.05 1.67 +0.71 0.31
Concentration Visit 3 1.33 £ 0.87 1.33 £ 0.87
(score) Change from baseline —0.78 £ 0.97 —0.33 +0.87 0.32
p-value M 0.04 0.28
Baseline 16.78 + 6.46 18.67 + 3.87 0.46
Total score Visit 3 14.33 + 3.32 15.78 + 4.68
(score) Change from baseline —2.44 + 413 —2.89 + 4.37 0.83
p-value 1) 0.11 0.08

Values are presented as the mean + SD. () Analyzed by the paired t-test; ? analyzed by the independent ¢-test.

Table 3. Assessment of cognitive changes using the MOCA-K screening test.

Variables (Score)

MH-Pro High Dose (n=9) MH-Pro Low Dose (1 =9)  p-Value @

Visuospatial /
executive

Baseline 3.22 +1.09 3.56 + 0.73 0.46
Visit 3 3.56 + 1.01 3.67 £0.87
Change from baseline 0.33+1.0 0.11 +0.93 0.63

p-value @ 0.35 0.73
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Table 3. Cont.
Variables (Score) MH-Pro High Dose (1=9) MH-Pro Low Dose (1 =9)  p-Value @
Baseline 2.89 £0.33 233 +£0.71 0.06
Naming Visit 3 3.0+0.0 2.89 £0.33
Change from baseline 0.11 £0.33 0.56 £0.53 0.05
p-value ) 0.35 0.01
Baseline 444 +£1.01 444 +1.24 >0.99
. Visit 3 544 +0.73 4.89 £ 1.36
Attention
Change from baseline 1.0 £ 141 044 £+ 1.51 0.43
p-value M 0.07 0.40
Baseline 1.78 £ 0.67 20+0.71 0.50
Visit 3 1.89 +£0.93 20+0.71
Language
Change from baseline 0.11 £0.78 0.0+ 1.12 0.81
p-value M 0.68 >0.99
Baseline 1.0 £0.50 0.78 + 0.44 0.33
Visit 3 1.0£0.71 1.22 £ 0.67
Abstraction
Change from baseline 0.0 +0.50 0.44 +£0.73 0.15
p-value ) >0.99 0.10
Baseline 222 £1.30 1.56 +1.33 0.30
isi .56 £1.24 .56 £1.
Delayed recall Visit 3 2.56 3.56 +1.33
Change from baseline 0.33 +1.41 2.0 +£1.50 0.03
p-value 0.50 0.009
Baseline 5.11 £ 0.60 533 +£0.71 0.48
. . Visit 3 5.78 £ 0.44 5.56 + 0.53
Orientation
Change from baseline 0.67 & 0.87 0.22 4 0.67 0.24
p-value M 0.05 0.35
Baseline 20.67 £ 1.58 20.0 £1.41 0.36
Visit 3 23.22 £2.49 23.78 £291
Total score
Change from baseline 2.56 + 3.43 3.78 £2.77 0.42
p-value M 0.06 0.004

Values are presented as the mean =+ SD. @ Analyzed by the paired t-test; @ analyzed by the independent ¢-test.

Table 4. The influence of MH-Pro on amyloid-B and BDNF in older adults suspected of MCIL

MH-Pro High Dose (1 =9) MH-Pro Low Dose (1 = 9) p-Value @
Baseline 205.94 + 22.26 202.83 + 39.67 0.84
Amyloid-B1-40 Visit 3 193.28 + 15.41 196.04 4 28.40
(pg/mL) Change from baseline —12.66 + 25.73 —6.79 + 44.09 0.73
p-value 0.18 0.66
Baseline 12.66 + 6.98 9.28 +8.72 0.38
Amyloid-p Visit 3 12.33 £ 7.29 9.26 +5.14
(pg/mL) Change from baseline —0.33 +3.83 —0.02 447 0.88
p-value M 0.80 0.99
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Table 4. Cont.
MH-Pro High Dose (1 =9) MH-Pro Low Dose (n =9) p-Value @
Baseline 20.47 +£10.0 39.16 + 28.12 0.09
Amyloid-p1 40/42 Visit 3 20.30 £ 9.85 29.29 £+ 18.70

Change from baseline —0.17 + 6.88 —9.87 +10.98 0.04

p-value @ 0.94 0.02
Baseline 30,055.56 4+ 5669.46 27,200.0 £+ 11,995.42 0.53

BDNF Visit 3 30,800.0 & 6957.73 32,255.56 + 6427.89

(pg/mL) Change from baseline 744.44 + 3354.52 5055.56 + 11,698.94 031

p-value @ 0.52 0.23

Values are presented as the mean + SD. 1) Analyzed by the paired t-test; ? analyzed by the independent #-test.

3.3. Gut Microbiota Analysis

Fecal samples were assessed for relative composition at the phylum and genus levels to
observe overall changes in taxa composition. Assessment of fecal samples collected at base-
line and post-intervention revealed significant changes in bacterial composition (Figure S1).
Specifically, Lacticaseibacillus was significantly increased in the MH-Pro low-dose group
(p = 0.01) (Figure 3A). Interestingly, a correlation analysis between Lacticaseibacillus abun-
dance and MOCA-K scores revealed positive and statistically significant associations.
Further, the MH-Pro high-dose group demonstrated positive and significant correlations
with attention (p = 0.04) and orientation (p = 0.005), whereas the MH-Pro low-dose group
showed significant associations with delayed recall (p = 0.003) and total score (p = 0.02)
(Figure 3B). Further detailed analysis of these four metadata categories demonstrated sta-
tistical significance (Figure 3C). Alpha and beta diversity analyses were performed for each
group at baseline and post-intervention. However, alpha diversity analyses revealed that
supplementation of MH-Pro at high or low doses did not significantly alter the number of
taxa or the relative abundance of those taxa. Similarly, beta diversity showed no significant
difference in microbial composition between the groups (Figure S2).

3.4. Dietary Intake and Physical Activity

Diet significantly influences cognitive abilities, and adding skim milk with probiotics
enhances cognitive performance. Thus, the diet of participants during the intervention and
their adherence to the supplementation schedule was critical to the investigation. In the
MH-Pro high-dose group, daily calorie, carbohydrate, and lipid consumption significantly
increased after 12 weeks (p < 0.05), although no significant changes were observed between
the MH-Pro high- and low-dose groups (p > 0.05). Additionally, the intake of protein
and dietary fiber showed no statistically significant differences between the two groups
(p>0.05). Also, the metabolic equivalent of task (MET) values showed no significant
differences within or between the two groups (p > 0.05), indicating consistent levels of
physical activity among the trial participants. The dietary intake of the subjects in the
MH-Pro high- and low-dose groups during the 12-week intervention period is shown in
Table S1.

3.5. Safety and Adverse Events

No AEs were observed during the intervention period, and no significant changes
or differences were observed in the safety parameters, including laboratory tests, ECG,
and vital signs (BP and pulse) (p > 0.05). In the laboratory tests, creatine kinase (CK)
levels increased in the MH-Pro high-dose group, while it decreased in the MH-Pro low-
dose group, indicating a significant difference between the two groups. However, CK
levels in both groups remained within the normal range, confirming their safety. Other
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laboratory test parameters were within standard normal ranges (Table 52). Collectively,

the intervention displayed a positive safety profile, with no AEs and all safety parameters,

including CK levels, being consistently within normal ranges throughout the intervention.
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Figure 3. Impact of MH-Pro supplementation on Lacticaseibacillus abundance and cognitive func-

tion. (A) Relative abundance of Lacticaseibacillus before and after supplementation with MH-Pro.

(B) Correlation heatmap showing the association between the relative abundance of Lacticaseibacillus

and various cognitive function parameters in the MH-Pro high-dose and MH-Pro low-dose groups.

(C) Scatter plots showing the correlation between the relative abundance of Lacticaseibacillus and

specific cognitive function scores (attention, delayed recall, orientation, and total MoCA-K score) in
the MH-Pro high-dose and MH-Pro low-dose groups. “ns” indicates non-significance, while * p < 0.05
and ** p < 0.01 represent statistically significant differences at 5 and 1%, respectively. The strength

and direction of correlations are indicated by the corresponding R-values, with statistical significance

denoted by the accompanying p-values.
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4. Discussion

The study presents a novel approach and is the first to demonstrate cognitive im-
provement with supplementation of MH-Pro in elderly individuals suspected of having
MCI through a randomized, double-blind, parallel-design, non-comparative trial. The
participants’ mean age in the investigations was 68.95 & 3.05, with mild cognitive impair-
ment. This age group is believed to be ideal for enhancing memory before significant
frailty or dementia develops. In this investigation, all participants showed a compliance
rate of over 97%, with no AEs related to the intervention, strengthening the trial’s validity,
and strongly supporting the safety of MH-Pro. Interestingly, lack of side effects appeared
to be consistent with the safety profile of most probiotics except in critically ill patients
in intensive care units, critically sick infants, and postoperative patients [27]. Probiotic
strains like L. rhamnosus are generally recognized as safe [28-30], and the applied doses
were based on a previous investigation which confirmed its efficacy and potential safety
characteristics. This study’s observations were in alignment with the existing literature on
probiotics, reinforcing their safety in cognitive function interventions.

The ADAS-Cog13 and MoCA-K tests are essential for evaluating cognitive function,
since they offer superior sensitivity, specificity, and diagnostic accuracy for identifying cog-
nitive impairments. Specifically, ADAS-Cog13 is highly recommended for its efficacy [31]
and is used in over 40 countries for MCI diagnosis. Moreover, the MOCA-K, adapted
for the Korean population to address linguistic differences, is highly appropriate for the
current investigation to identify MCL

In this trial, the greater efficacy observed in the MH-Pro low-dose group compared
with the high-dose group suggests that the beneficial effects of skim milk are optimized
at lower doses (1622 mg/day) rather than higher doses (4055 mg/day). This specific
observation has been described earlier, which reported that multiple clinical trials suggest
that moderate milk consumption (e.g., 1-2 servings per day) has a beneficial effect on
cognitive function, while excessive milk consumption shows no on brain function [32]. It is
well known that proline and p-lactoglobulin are the prominent proteins in skim milk. Also,
skim milk supports probiotic survival and the growth of starter microorganisms [18,33-36].
Previous trials demonstrated that milk components, like fat, protein, casein, and whey
protein, can promote the growth of beneficial gut bacteria and produce bioactive peptides
that may influence cognitive function [16-18,37].

A clinical study by Bilikiewicz and Gaus, which involved patients over 50 years old
suffering from probable AD, indicated that the intake of proline-rich colostrum resulted in
significant improvements in cognitive functions (memory, language, reasoning) [38]. In
another clinical study by Masahiro Kita et al., which examined the cognitive function im-
provement effects of whey protein rich in S-lactolin, it was found that the B-lactotripeptide
derived from B-lactoglobulin positively impacted the dorsolateral prefrontal cortex (DLPFC)
of the brain, which is related to language fluency functions [39]. Moreover, the meta-
analysis of milk consumption by Wu et al. showed that milk intake can decrease the risk
of cognitive disorders [40]. Another investigation of full-fat milk intake indicated that the
consumption of full-fat milk is associated with reduced cognitive function and an elevated
risk of MCD [41]. These observations strongly support the study findings on using skim
milk at lower doses.

Moreover, previous clinical research linked to memory and language is thought
to be closely related to the efficacy in naming and delayed recall of the MOCA-K test
conducted in this clinical study. These investigations also strongly support the observations
of this study. Further, recent studies on the gut-brain axis suggest that various metabolic
products of the gut microbiota, including short-chain fatty acids (SCFAs) [42-44], G protein-
coupled receptors [45], neurotransmitters [46], and neurotrophic factors [47], indicated
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their crucial role in regulating cognitive function. For instance, SCFAs are known to
maintain the integrity of the blood-brain barrier and may affect cognitive processes [48].
Also, SCFAs can interfere with amyloid-beta plaque formation by disrupting protein—
protein interactions [49], which explains the observed reduction in amyloid-f31 40/42 levels
observed in this study. The interaction between the gastrointestinal system and the brain
has been recognized for a while, including direct neurological impulses as well as indirect
hormonal and enzymatic linkages [50-53]. These developments paved the way for using
probiotics as an innovative, natural treatment against illness associated with the brain.
Also, the use of probiotics offers minimal side effects. Therefore, regulating the gut-brain
axis potentially contributes to improvements in cognitive and brain functions. In this
investigation, MH-Pro, containing LR5 strain supplementation over 12 weeks, significantly
improved the Lacticaseibacillus sp. in the gut of the participants. Specifically, the LR5 strain,
isolated and patented by Cell Biotech Co., Gimpo-si, Republic of Korea, has been reported
to enhance gut function, combat obesity, and improve immune responses [23].

In particular, in a previous in vivo study, oral supplementation of MH-Pro on
scopolamine-induced cognitively impaired mice demonstrated enhanced cognitive func-
tion. The passive avoidance test (PAT) results showed that latency time was significantly
increased. Moreover, in the novel object recognition test (NORT), the time spent explor-
ing the novel object was significantly increased. Additionally, we observed a significant
reduction in the levels of the inflammation-related markers PGE2 and TNF-« in the serum.
These findings were reflected in this clinical trial. Interestingly, ingestion of Lacticaseibacillus
rhamnosus Fmb14 is known to prevent depression-like behavior and brain neural activity
by regulating the gut-brain axis in colitis mice [54]. These observations are associated with
the observations with attention and delayed recall parameters of the MoCA-K, as well as
the language and concentration parameters of the ADAS-Cog13 assessment of the study.
Moreover, correlation analyses related to cognition showed significant associations with
the MOCA-K total score, attention, orientation, and delayed recall.

Furthermore, NGS, a high-throughput method for analyzing the gut microbiome,
revealed that MH-Pro supplementation positively influenced the gut microbiome environ-
ment and may have regulated the gut-brain axis, potentially enhancing brain function.
Collectively, this study’s observations and previous reports suggest the involvement of the
gut-brain axis in improving cognitive function. However, the study lacks a comprehensive
understanding of the mechanism of action of MH-Pro. Previous reports demonstrated
that Lacticaseibacillus rhamnosus can alter the gut microbiome’s composition by enhancing
the production of bioactive compounds such as short-chain fatty acids (SCFAs) [10] and
neurotransmitters [55].

On the other hand, skim milk is rich in bioactive peptides such as casein-derived
peptides, which can interact with gut receptors and influence gut permeability and im-
mune responses [56,57]. Also, milk peptides directly affect brain signaling pathways by
influencing the synthesis of neurotransmitters. These alterations in gut barrier function, the
synthesis of neurotransmitters, and systemic inflammation modulate the gut-brain axis,
positively affecting neurocognitive processes. Thus, the synergistic effects of probiotics
and milk components potentially improve cognitive function by optimizing gut health and
reducing neuroinflammation through the gut-brain axis.

This trial has few limitations that may impact its overall applicability. However, this
study serves as a crucial step in the development of natural treatments against cognitive
function with minimal or no side effects. This study was developed and designed as a
pilot investigation, considering the challenges associated with recruiting individuals over
60 with MCI. Thus, the number of participants in the study is relatively small. Moreover,
due to feasibility considerations, the recruitment process did not include a comprehensive
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neuropsychological assessment. However, this approach aligns with previous studies of
similar scope and ensures valid and reliable subject classification. Additionally, there was a
gender imbalance, with both groups predominantly consisting of females. However, previ-
ous studies indicate that cognitive impairment is more prevalent in the elderly population,
particularly among females [58]. This higher occurrence can be attributed to various factors,
including hormonal influences and lifestyle differences [32,59,60].

The gender imbalance, though it may seem like a limitation, is outweighed by the
increased risk in women, making their greater representation advantageous for the study’s
relevance and findings. Moreover, high education potentially reduces the risk of MCI
and AD [61]. In this study, the mean education level of participants was 12 years which
may be considered relatively high education. However, considering the standard devi-
ation, the study participants are from a broad educational range, from middle school
to university-level education. This distribution ensures that the study is not limited to
highly educated individuals but rather represents a diverse cognitive profile. Also, not
all studies link lower education to a greater risk of cognitive impairments like demen-
tia [62]. Further, recent studies suggested that the analysis of p-tau and APOE genotypes
in human plasma could serve as reliable biomarkers for cognitive assessments and the
predictive diagnosis of AD [63-66]. Therefore, building on this pilot investigation, further
studies will be conducted on a larger scale and for an extended period, with the inclusion
of biomarker evaluation such as p-tau217 and APOE4. Additionally, this study did not
include individuals below 60 years, an age group that may represent the preclinical stage
for preventive interventions. However, by focusing on individuals aged 60 and above with
MCI, who are already experiencing early-stage cognitive decline, this study aligns more
closely with early intervention rather than primary prevention. This approach provides
valuable insights into potential therapeutic effects at a stage where intervention may still
influence disease progression. Interestingly, the trial offers several advantages compared
with some similar previous clinical studies. First, unlike the large-scale Finnish Geriatric
Intervention Study to Prevent Cognitive Impairment and Disability (FINGER), which was
conducted across multiple countries, this study is smaller in scale but focuses on a single
population in Asia. This helps better generalize the findings to the specific population
or ethnicity [67,68]. Additionally, the study includes only dietary modifications, which
are relatively more straightforward to adopt than other investigations requiring multiple
lifestyle changes. This method is particularly advantageous for the elderly, who may find it
challenging to adhere to extensive lifestyle modifications. This investigation’s compliance
rate was over 97%, with no AEs related to the intervention, supporting its straightforward
approach.

5. Conclusions

The trial’s findings revealed the definitive effect of MH-Pro in high and low doses.
The low-dose group showed comprehensive cognitive enhancement, whereas the high-
dose group showed a positive tendency toward improvement. Specifically, naming and
delayed recall in the MH-Pro low-dose group significantly improved, while orientation was
improved in the MH-Pro high-dose group. Also, a significant decrease in amyloid-31-40/42
levels with MH-Pro supplementation indicated cognitive improvement. Collectively, this
study provides foundational evidence to recognize the use of LR5 and skim milk to prepare
a probiotic supplement that enhances cognitive function in the aging population.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu17040691/s1, Figure S1. Relative abundance of gut microbiota
at phylum and genus levels in MH-Pro high and low groups before and after supplementation.
Figure S2. Alpha and beta diversity analyses of gut microbiota in MH-Pro high and low groups
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before and after supplementation. Table S1. Major nutrient intakes and metabolic equivalent values
of the intervention groups measured at baseline and 12 weeks. Table S2. Laboratory profiles of the
subjects in this study.
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