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ABSTRACT 

Background: Aging-related declines in skeletal muscle mass, muscle strength, and physical function are related to 

instability, falls, and frailty in older people, resulting in the need for nursing care. 

Objective: To investigate the effect of oral γ-aminobutyric acid (GABA) intake and exercise on muscle parameters in 

healthy subjects whose muscle strength is beginning to decline with age. 

Methods: A randomized, double-blind, placebo-controlled, parallel-group comparative study was conducted. Fifty 

subjects (over 40 years old) were randomly divided into the GABA (100 mg/day) or placebo food intake group. Subjects 

orally consumed the respective study substance every day for 12 weeks. They performed daily “locomotion training” as 

devised by the Japanese Orthopedic Society. Muscle mass, fat mass, and knee extension muscle strength were measured. 
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Results: The two groups had no significant differences in muscle and fat mass. Compared with the placebo food group, 

the GABA group showed a significant increase in muscle strength for the stronger leg (either left or right) during pre-dose 

Week 0 (at Week 6, p = 0.02). In post hoc subgroup analysis by sex, when compared with the placebo food intake 

group, the GABA food intake group showed significant improvement in knee extension muscle strength of the right leg at 

Weeks 6 (p = 0.001) and 12 (p = 0.007), the left leg at Week 6 (p = 0.02), the stronger of the left and right legs at pre-dose 

Week 0 (at Week 6, p = 0.001), and the weaker of the left and right legs at pre-dose Week 0 (at Week 12, p = 0.013) in 

males. 

Conclusions: These results suggest that GABA intake combined with daily exercise is effective for maintaining knee 

extension muscle strength, which decreases with age. Furthermore, there were no safety issues with the intake of GABA-

containing food during this study. 

Trial registration: UMIN-CTR: UMIN000050152. 

Keywords: γ-Aminobutyric acid, GABA, Muscle mass, Knee extension muscle strength, Aging 
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INTRODUCTION 

At a conference in the United States in 1988, Dr. 

Rosenberg proposed the term “sarcopenia” to describe 

age-related muscle changes [1]. In 2010, the European 

Working Group on Sarcopenia in Older People (EWGSOP) 

defined the diagnostic criteria for sarcopenia as a 

condition in which decreased skeletal muscle mass is 

essential and accompanied by either decreased muscle 

strength or physical function [2]. In 2018, a new 

consensus paper (EWGSOP2) was published by EWGSOP. 
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EWGSOP2 defined sarcopenia as a progressive and 

systemic skeletal muscle disease. The significant change 

in EWGSOP2 from EWGSOP is that decreased muscle 

strength is an essential diagnostic item instead of skeletal 

muscle mass. Muscle strength is currently the most 

reliable indicator of muscle function. Specifically, if 

decreased muscle strength is observed, there is a high 

possibility of sarcopenia. To assess for evidence of 

sarcopenia, EWGSOP states that muscle strength (knee 

flexion/extension) can be used in research studies [3]. 

Sarcopenia is closely related to staggering, falls 

and even frailty in older people, which in turn leads to the 

need for nursing care [4]. Sarcopenia is significantly 

associated with a higher risk for all-cause mortality 

among nursing home residents [5]. The onset of 

sarcopenia often begins in middle age due to an 

unbalanced diet or malnutrition in association with a lack 

of physical activity [6]. Sarcopenia affects approximately 

13% of the world’s population aged over 60 years [7]. 

Gamma-aminobutyric acid (GABA) is an amino acid 

found in plants and vertebrates and produced in the 

human body [8]. GABA activates vagal afferents and 

modulates brain function [9]. GABA is metabolized to 

succinic semialdehyde by GABA transaminase, and it is 

then either reduced to gamma-hydroxybutyrate or 

oxidized to succinate and finally converted to CO2 and 

water via the citric acid cycle [10]. Various physiological 

effects of GABA have been reported, including 

improvement of sleep quality [11], anti-stress [12], and 

suppression of blood pressure elevation [13]. Germinated 

brown rice rich in GABA may be recommended as an 

economical, nutritious, and anti-inflammatory 

preoperative feed [14]. The Functional Food Center has 

defined “functional foods” as follows: Natural or 

processed foods that contain biologically active 

compounds, which, in defined, effective, non-toxic 

amounts, provide a clinically proven and documented 

health benefit utilizing specific biomarkers, to promote 

optimal health and reduce the risk of chronic/viral 

diseases and manage their symptoms [15]. Nedachi et al. 

reported that GABA is a functional food that promotes 

sleep, and a mixture of GABA and lafma can improve 

sleep quality [16]. 

In the study by Choi et al., in which middle-aged 

females who abstained from any regular exercise 

consumed GABA-enriched fermented sea tangle 

(Laminaria japonica) containing 54.5 ± 0.071 mg GABA 

(GFST) for 8 weeks, lean body mass as measured by Dual 

Energy X-ray Absorptiometry (DEXA) was significantly 

increased compared to the placebo group [17]. In a study 

in which healthy males (26–48 years old) ingested 10 g of 

whey protein + 100 mg of GABA daily and performed 

resistance training at 60% of their maximum strength at a 

fitness club (twice a week) for 12 weeks, lean body mass 

(measured using DEXA) significantly increased compared 

to placebo [18]. Therefore, we investigated the effects of 

GABA intake and light-intensity exercise at home in 

combination on muscle quantity and strength in healthy 

males and females aged 40 and older in which muscle 

strength was beginning to decline, as determined by the 

“2-step test”, in a placebo-controlled, double-blind, 

randomized, parallel-group, comparison study. 

MATERIALS AND METHODS 

Study design and ethical statement: We designed a 

randomized, double-blind, placebo-controlled, parallel-

group, comparative study protocol approved by the 

Medical Station Clinic Research Ethics Committee (Tokyo, 

Japan, IRB number: 20000022) on January 26, 2023. The 

study was conducted in accordance with the “Declaration 

of Helsinki (revised in October 2013)” and in compliance 

with the “Ethical Guidelines for Medical and Biological 
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Research Involving Human Subjects (Ministry of 

Education, Culture, Sports, Science and 

Technology/Ministry of Health, Labour and Welfare, 

March 23, 2021)”, and “Guidance on Ethical Guidelines 

for Life Science and Medical Research Involving Human 

Subjects (Ministry of Education, Culture, Sports, Science 

and Technology/Ministry of Health, Labour and 

Welfare/Ministry of Economy, Trade and Industry, April 

16, 2021)”. 

 Before starting the study, we registered the trial with the 

University Hospital Medical Information Network 

(UMIN)-Clinical Trials Registry operated by the UMIN 

Center (ID: UMIN000050152). 

Before participating in the study, we handed 

prospective participants an explanation document and 

consent form approved by the ethics review committee, 

explained the study sufficiently, and allowed them to ask 

questions and have enough time to decide about 

participating. The medical director obtained each 

subject’s voluntary consent in writing. 

This study was conducted at Kaiseikai Medical 

Corporation Kaiseikai Tana Orthopedic Surgery 

(Yokohama, Japan), Kaiseikai Medical Corporation 

Kitashinyokohama Orthopedics and Surgery (study site, 

Yokohama, Japan), and LSI Medience Corporation 

(laboratory, Tokyo, Japan). 

Subjects: After obtaining informed consent for study 

participation from subjects, the following demographics 

were reviewed or confirmed: sex, age, medical history, 

surgical history, history of present illness, allergy, drinking 

habit and the amount, smoking habit and the amount, 

status of lifestyle and exercise habit, use status for drugs, 

health foods, and status of participation in other clinical 

trials or studies. The principal investigator decided the 

selection according to the inclusion and exclusion criteria 

based on reviewing the results of the pre-dose test and 

demographic data. 

Subjects were required to meet all the following 

inclusion criteria and none of the exclusion criteria. The 

Japanese Orthopedic Society has developed a “2-step 

test” to examine the degree of the locomotive syndrome, 

and the society's official locomotive syndrome 

prevention awareness website [19] introduces the 2-step 

test method and guide movie. The “2-step test” is 

introduced on Japan's Ministry of Health, Labour and 

Welfare website [20]. The 2-step test is a reliable and 

excellent method for assessing walking ability [21]. The 

test examines step size and height, muscle strength, 

balance ability, and lower limb flexibility. The value is 

calculated as two-step length (cm)/height (cm). The 

Japanese Orthopedic Society defines people with a 2-step 

value of 0.9 or more and less than 1.1 as locomotive 

syndrome level 2; these individuals have a progressive 

decline in their mobility and are at high risk of being 

unable to live independently. People with locomotive 

syndrome level 2 who are experiencing pain may have a 

musculoskeletal disease; thus, it is recommended that 

people consult an orthopedic specialist. People with a 2-

step value of 1.1 or more and less than 1.3 are defined as 

locomotive syndrome level 1, which means that their 

mobility has begun to decline, but improvement is 

expected with diet and exercise [19]. This study targeted 

males and females with a 2-step value of 1.1 or more and 

less than 1.3, that is, locomotive syndrome level 1. 

Inclusion criteria: The study participants were healthy 

males and females aged 40 years or older who were 

aware of a decline in muscle strength due to aging. They 

scored 1.1 or more and less than 1.3 on the 2-step test 

conducted at the pre-dose Week 0 test. They also agreed 

to participate in the research of their own volition after 
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fully understanding the purpose and content of the study. 

Exclusion criteria: Participants excluded from the study 

were individuals with a history of a disease that may 

affect the evaluation of the study. Those who could not 

perform exercise training due to joint/muscular 

symptoms or diseases, and those who find it difficult to 

perform daily activities or walk due to severe pain in their 

knees or lower back. Individuals diagnosed with 

sarcopenia. Individuals with a history of musculoskeletal 

impairment and injury (low back pain, etc.) who are at 

risk of recurrence due to exercise training. Those who 

regularly consumed foods high in protein and amino acids 

may influence the evaluation of the study. Individuals 

who may regularly use pharmaceuticals that may affect 

the evaluation of the study (including topical medications 

such as poultices). Individuals who engage in regular 

exercise. Individuals who engage in excessive exercise. 

Individuals with a history of a disease related to motor 

function, such as a fracture, sprain, or muscle strain, 

within one year before the pre-dose Week 0 test. 

Individuals who use canes or supports and use them 

during the study period. Individuals who regularly 

engaged in activities that may affect evaluation 

effectiveness (e.g., massage, chiropractic, hot springs). 

Individuals with a disease related to joints or muscles 

currently being treated or a disease that is judged to 

require treatment. Individuals with serious diseases such 

as nervous system diseases, malignant tumors, diabetes, 

liver diseases, kidney diseases, heart diseases, etc., or 

those with a history of such diseases. Those who are 

currently being treated for or have a history of mental 

illness (depression, sleep disorders, etc.) or those who are 

strongly suspected of having one. Individuals whose 

lifestyle has become irregular multiple times during the 

study period due to day/night shift work or night shifts or 

persons engaged in manual labor such as transporting 

heavy objects. Individuals who drink large amounts of 

alcohol (more than 60 g of alcohol per day). Individuals at 

risk of developing allergies related to the study. The 

principal investigator judged individuals to be 

inappropriate as subjects based on the clinical test values, 

physical measurements, and physical test values of the 

preliminary test. Those who have participated in other 

clinical studies within one month before obtaining 

consent to participate in this study or those who plan to 

participate in other clinical studies after obtaining 

consent to participate in this study. Individuals who are 

pregnant or breastfeeding or who plan to do so during 

the study period. Individuals were judged to be 

unsuitable as subjects based on the answers to the 

lifestyle questionnaire. Individuals who cannot follow the 

procedures for various tests conducted during the study 

period (e.g., entering online diaries). Any other 

individuals the principal investigator considered 

inappropriate as study participants. 

Target sample size and rationale: In a study by Choi et al. 

in which middle-aged women who abstained from 

exercise (number of subjects = 21) took 54.5 ± 0.071 mg 

of GABA or placebo food [17] and in a study in which men 

who regularly engaged in muscle training (number of 

subjects = 21) took 10 g of whey protein + 100 mg of 

GABA or 10 g of whey protein alone [18], lean body mass 

significantly increased compared to the placebo group. 

Based on these studies, the number of subjects was 

calculated with a significance level of 5% and a power to 

detect 80%. In this study, we increased the number of 

subjects per group to account for dropouts and decided 

on 25 subjects per group, 50 subjects in total (Figure 1). 
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Figure 1. Flow chart of the study. 

Randomization: The allocation manager created an 

allocation table using random numbers and assigned 

allocation numbers to the study foods. The allocation 

table was sealed by the allocation manager and kept 

sealed until the allocation table was opened. After fixing 

the subjects for analysis and their data, the allocation 

manager opened the allocation table and disclosed the 

information. If a serious adverse event requiring 

emergency treatment occurred, the allocation table 

would have been opened as necessary, and only the 

minimum required information would have been 

disclosed; however, no serious adverse event occurred. 

Study foods: The active food was a hard capsule 

containing 100 mg of GABA. The raw material for GABA 

was fermented barley GABA 90% (Sanwa Shurui Co., Ltd., 

Oita, Japan). The placebo food contained starch instead 

of GABA and was visually indistinguishable from the 

Subjects screened (n=200) 

Not meeting inclusion criteria (n=144) 
Subjects who declined (n=6) 

50 subjects were randomly assigned 

Safety evaluation target (n=25) 
Effectiveness evaluation target (n=25) 
• Excluded from analysis (n=0)

Safety evaluation target (n=25) 
Effectiveness evaluation target (n=24) 
• Excluded from analysis (n=1)

due to weight change

Lost to follow-up (n=0) 
Discontinued intervention (n=0) 

Allocated to intervention (n=25) 

Placebo food intake group 

Allocated to intervention (n=25) 

GABA food intake group 

Lost to follow-up (n=0) 
Discontinued intervention (n=0) 

Allocation 

Follow-up 
 (2 visit) 

Analysis 
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active food. Other ingredients contained in the capsule 

were starch, milk calcium, microcrystalline cellulose, 

cyclic oligosaccharides, and sucrose esters. 

Blinding: This was a double-blind study, so the subjects 

and investigators were blinded to the treatment. The 

manufacturer numbered the study food packaging; 

neither the subjects nor the investigators knew what 

number belonged to the active or placebo food. 

Interventions: After the pre-dose Week 0 test, subjects 

consumed their assigned study food, one capsule daily, 

with water or lukewarm water every day for 12 weeks. If 

the subject was unable to consume the study food on that 

day, carryover to the next day was prohibited. 

From the start of intake until the day before the 

12th week test, the subjects performed “locomotion 

training” as the Japanese Orthopedic Society devised for 

about 20 minutes a day at home [22]. “Locomotion 

training” consists of three types of training: one-leg 

standing, 1 set of 1 minute on each side; squat, 1 set of 5 

reps; and front lunge, 1 set of 10 reps on each side. The 

subjects performed “locomotion training” that 

stimulated the lower body muscles at 3 sets per day. The 

intensity levels for exercise are expressed in metabolic 

equivalents (METs). One MET is the amount of oxygen 

consumed while sitting at rest, equal to 3.5 mL O2 per kg 

body weight x min [23]. The METs of the lower body 

exercises given in this study were 2.11±0.44 for one-leg 

standing [24], 6.5±1.1 for squats, and 8.5±0.1 for front 

lunges [25]. Prolonged walking corresponds to 2METs 

[26]. For adults aged 41 to 60, walking at 130 steps/min 

corresponds to 6 METs [27]. Running at 134 m/min 

corresponds to 8 METs [28]. 

Six and twelve weeks after the start of intake, 

predetermined tests and interviews were carried out. The 

subjects completed an online diary every day from 3 days 

before the start of intake until the day before the 12th-

week test. The following instructions were provided to 

the subjects. Activity measurements were carried out 

three days before pre-dose Week 0, the 6th and 12th-

week test dates. 

Study period: Subjects were asked not to travel, go on 

business overseas, or consume healthy foods (protein, 

amino acids, etc.) that may affect the study evaluation. 

Subjects were asked not to change their lifestyle habits 

before participating in the trial, such as eating, drinking, 

exercising, bedtime, and smoking. Subjects were asked to 

avoid excessive exercise, activities that strain their 

muscles (such as carrying heavy objects), dietary 

restrictions, and overeating. Subjects were asked to avoid 

activities that may affect the effectiveness of the 

evaluation (massage, chiropractic, hot springs, etc.). 

Subjects were asked to record when they took medicine 

or received treatment in their diaries. Subjects were 

asked not to donate blood. Subjects were asked to 

consume the specified amount of study food daily and 

record it in the daily diary. Subjects were asked to 

perform a specified amount of exercise training daily and 

record it in the daily diary. Subjects were asked to confirm 

whether there were any significant changes in their 

exercise status from the three days before the test, their 

sleep status from the day before, and their daily living 

conditions (transportation, work situation, etc.) on the 

day of the test. The day before the test, subjects were 

asked to go to bed by midnight and get enough sleep and 

rest. If subjects lost the study food, they were asked to 

contact the medical facility support organization to 

replenish the missing food. Subjects were asked not to 
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drink alcohol from the day before the test until the end of 

the test on the day of the test. Subjects were asked to fast 

for at least 10 hours the night before the test and to limit 

fluid intake from the time they woke up to the time they 

arrived at the test site. The water consumed had to be the 

same, 200–500 mL on each test day. On the test day, 

subjects were asked to come to the test site without 

ingesting the study food. Subjects were asked to visit the 

test site without locomotion training on the test day. 

Test items and timing: After obtaining informed consent 

for study participation from subjects, a lifestyle 

questionnaire, height measurement, and a 2-step test 

were conducted at only pre-dose Week 0. 

The following tests were conducted to evaluate 

the effectiveness of test food intake. Primary outcomes: 

body composition and lean body mass measurement 

using Bioelectrical Impedance Analysis (BIA); secondary 

outcomes: Timed Up and Go (TUG) test, grip strength 

measurement, knee extension muscle strength 

measurement, growth hormone level measurement, self-

awareness questionnaire; and other evaluation items: 

activity level measurement was conducted at pre-dose 

Week 0, Week 6, and Week 12. All tests began between 

9:00 and 11:00 a.m. and ended approximately in the 

morning. InBody770 (InBody Japan Co., Ltd., Tokyo, 

Japan) was used to measure body composition and lean 

body mass. Kinesis QTUG (Kinesis Health Technologies 

Ltd., Dublin, Ireland) was used for TUG test 

measurements. During the test, the subject got up from 

a chair, walked 3 m, returned, and sat down again. An 

obstacle (height: 0.1 m, depth: 0.1 m, width: 1.0 m) was 

placed in the center of the walking path, and subjects 

were instructed to step over it without touching it. TUG 

recording time was measured. Falls risk estimate 

and frailty estimate are each values that indicate the 

risk of falling and the frailty level based on an elderly 

population model [29]. Grip strength was measured 

twice, the first with the right hand and then with the 

left hand, using a Smedley grip dynamometer YOII 

(Tsutsumi Co., Ltd., Tokyo, Japan), and the maximum 

value for each was recorded. Measurements were 

taken for both hands and hands with higher and lower 

pre-dose Week 0 test values. In this study, we assumed 

that the hand with the higher grip strength value at 

Week 0 was “the dominant hand,” and the hand with 

the lower grip strength value at Week 0 was “the non-

dominant hand.” The maximum isometric knee 

extension muscle strength of both legs was 

measured using a knee extension strength meter 

(Tension Meter D, Takei Kiki Kogyo Co., Ltd., Niigata, 

Japan). The maximum value was divided by the body 

weight on the test day and multiplied by 100 to 

calculate the body weight percentage. The values were 

calculated for the left and right legs and the leg with the 

higher and lower pre-dose Week 0 test values. In this 

study, we assumed that the leg with the higher knee 

extension muscle strength value at Week 0 was “the 

dominant leg,” and the leg with the lower knee 

extension muscle strength value at Week 0 was “the 

non-dominant leg.” After arriving at the test site and 

resting for 30 minutes, blood was drawn, and growth 

hormone levels were measured by the Electro 

Chemiluminescence Immunoassay (ECLIA) method [30]. 

The fall anxiety scale [31] was used for the self-

awareness questionnaire. The scale is a 

questionnaire that asks subjects to answer 4-choice 

questions about their fear of falling for each of the ten 

activities. The responses of “No anxiety at all,” “A little 

anxiety,” “Anxiety,” and “A lot of anxiety” were scored 

1, 2, 3, and 4 points, respectively, 
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and the total was calculated. Using an activity monitor 

(MY CALORY® MC-500, Yamasa Tokei Keiki Co., Ltd., 

Tokyo, Japan), total calories consumed and active calories 

were recorded for three days before the test, and the 

average value for the three days was used. 

To evaluate the safety of the test food, a health 

check, keeping a diary (subjective symptoms, every day), 

body composition and lean body mass measurement, 

physical examinations (blood pressure and pulse rate), 

and laboratory tests (blood and urine tests, excluding 

Week 6) were conducted at pre-dose Week 0, Week 6, 

and Week 12. The principal investigator determined the 

subject’s subjective symptoms and objective findings. A 

list of symptoms, date of onset and resolution, severity, 

seriousness, treatment, outcome, causal relationship 

with the study food, and principal investigator’s 

comments were created. In principle, follow-up was to be 

performed as necessary until the abnormal findings of 

the adverse event resolved or showed a recovery trend. 

An online diary was used to record the intake of study 

foods, changes in physical condition, medication usage, 

and exercise training performance. 

If the test could not be performed on the 

scheduled test date due to the subject’s circumstances, 

the test date was changed to within seven days before or 

after the scheduled test date at the discretion of the 

principal investigator. If the test date was delayed, the 

study food could be consumed until the day before. 

Analysis set and statistical analysis methods: After 

completion of the final examination, the analysis set was 

confirmed, and the data was locked. After confirming that 

the data was locked, the allocation manager opened the 

study food allocation table at the direction of the 

principal investigator. 

Among the subjects who completed all the prescribed 

research schedules and test contents, those who met the 

following criteria were excluded from the efficacy analysis 

subjects. In the safety evaluation, subjects who completed all of 

the prescribed study schedule and study content were included 

in the analysis. Regarding adverse events, subjects who had 

consumed the study food at least once were targeted. Those 

whose intake rate of research foods was less than 80%. Those 

who exhibit significant behavior that impairs the reliability of 

test results, such as missing diary records. Those found to have 

met the exclusion criteria after being included in the study or 

those found unable to comply with the restrictions during the 

research period. Those for whom there was a clear reason why 

their exclusion was considered appropriate. 

IBM SPSS Statistics version 27 (International Business 

Machines Corporation, Armonk, NY, USA) or Microsoft Excel for 

Microsoft 365 MSO version 2208 (Microsoft Corporation, 

Redmond, WA, USA) were used for data tabulation and analysis. 

Each subject’s demographics (age, height, body weight, 

body mass index, systolic and diastolic blood pressure, pulse 

rate, 2-step test value, muscle mass, and body fat mass) at pre-

dose Week 0 were calculated (average ± standard deviation). 

Comparisons between groups were performed using the two-

sample t-test, and between sexes were performed using the chi-

square test. For the primary and secondary outcomes, the 

actual values at pre-dose Week 0 and the amount of change 

from pre-dose Week 0 to weeks 6 and 12 for each group were 

calculated (average ± standard deviation). For the primary 

outcomes, comparisons between groups at each time point 

were performed using the two-sample t-test. Intragroup 

comparisons in the mass of change from pre-dose Week 0 to 

each time point were performed using the one-sample t-test. 

Among the secondary outcomes, the TUG test, grip strength, 
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and growth hormone value were evaluated similarly to the 

primary outcomes. Among the secondary outcomes, knee 

extension muscle strength and self-awareness questionnaire 

were compared between groups at each time point using the 

Mann-Whitney U test. Intragroup comparisons in the amount of 

change from pre-dose Week 0 to each time point were 

performed using the Wilcoxon signed-rank sum test. If a 

significant difference between groups was found in the actual 

values measured in pre-dose Week 0, an analysis of covariance 

was performed (excludes self-awareness questionnaire). 

However, if an interaction was observed, analysis of covariance 

was not performed. It is known that there are sex differences in 

body composition and lean body mass [32], as well as knee 

extension muscle strength [33]. Therefore, as a post-hoc 

analysis of this study, we conducted a stratified analysis by 

males. In the post-hoc analysis, body composition, lean body 

mass, and knee extension muscle strength were analyzed in 

males in the same manner as in males and females. The testing 

was two-sided, with a significant level of 5%. The number of 

adverse events was tallied for each group, and a list was created. 

If the same adverse event occurred multiple times in the same 

subject, it was treated as one event. In the safety evaluation 

test, the measured values at each time point in each group were 

compared using a one-sample t-test. Even those considered 

outliers were evaluated among the test and measured values. If 

the cause was clearly determined to be a measurement error, 

that time point was excluded from the analysis. If there were 

missing values, no imputation was performed, and they were 

not included in the analysis as missing values. The intake status 

of drugs/health foods and study food intake rate were tabulated 

and evaluated. The study food intake rate was calculated by 

dividing the number of intakes by the number of intakes that 

should be taken. There was no deviation from the original 

protocol. 

RESULTS 

Subjects: Of the 200 subjects who provided written informed 

consent, 150 were excluded from the pre-dose test, and 50 

subjects who met the inclusion criteria were selected (Figure 1). 

Subjects analyzed: All 50 subjects ingested the study food and 

completed the prescribed study schedule and content; thus, all 

50 subjects, 25 in the active food intake group (group A) and 25 

in the placebo food intake group (group P), were included in the 

safety evaluation analysis. 

The subjects for the efficacy analysis were considered 

before opening the allocation table. One subject (ID 494017: 

group A) was excluded from the analysis because it was thought 

that weight loss during Weeks 6 and 12 may have affected the 

test results. Four subjects (ID 494030: group A; ID 494062: 

group A; ID 494068: group P; ID 494185: group P) lacked activity 

measurement data before the Week 6 or Week 12 test, so the 

days of missing data were excluded from the calculations. One 

person (ID 494048: group A) developed acute lower back pain 

before the Week 6 test, received acupuncture at an osteopathic 

clinic, and discontinued exercise training, so Week 6 test results 

were not submitted. It was decided to treat these as missing 

values. Forty-nine subjects (24 in group A, 25 in group P) were 

included in the efficacy analysis (Figure 1). 

Recruitment and trial period: Recruitment began on January 

31, 2023, the study started on May 9, 2023, and the follow-up 

was completed on August 13, 2023. 

Subject demographics: Tables 1 and 2 show the backgrounds 

of the full analysis set of 50 subjects and the per-protocol 

set of 49 subjects, respectively. In both sets, there were 

no significant differences between groups in any pre-dose 

Week 0 values, and no imbalance was observed.
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Table 1. Subject demographics (Full Analysis Set ). 

Group A Group P p-value

Number of subjects 25 25 

Male 8 12 0.39 

Female 17 13 

Age (years) 57.0 ± 6.2 59.1 ± 8.6 0.33 

Height (cm) 161.01 ± 6.80 163.02 ± 8.15 0.35 

Body weight (kg) 56.88 ± 8.35 58.12 ± 8.93 0.61 

Body mass index (kg/m2) 21.91 ± 2.72 21.79 ± 2.23 0.87 

Systolic 
blood pressure 

(mmHg) 114.6 ± 12.4 115.2 ± 13.5 0.85 

Diastolic 
blood pressure 

(mmHg) 73.6 ± 10.5 74.0 ± 8.2 0.86 

Pulse rate (beats/min) 72.0 ± 11.8 72.4 ± 9.3 0.89 

2-step value 1.19 ± 0.05 1.19 ± 0.06 0.94 

Muscle mass (kg) 38.49 ± 6.07 40.30 ± 7.84 0.37 

Body fat mass (kg) 16.06 ± 5.07 15.37 ± 4.12 0.60 

Values at pre-dose Week 0. “Group A” and “Group P” refer to the GABA and placebo food intake groups, respectively. Values are expressed 

as mean ± standard deviation (excluding number of subjects and sex). Comparisons between groups were performed using the two-

sample t-test, and between sexes were performed using the chi-square test. 

Table 2. Subject demographics (Per Protocol Set). 

Group A Group P p-value

Number of subjects 24 25 

Male 7 12 0.24 

Female 17 13 

Age (years) 57.0 ± 6.4 59.1 ± 8.6 0.34 

Height (cm) 160.84 ± 6.89 163.02 ± 8.15 0.32 

Body weight (kg) 56.89 ± 8.53 58.12 ± 8.93 0.62 

Body mass index (kg/m2) 21.96 ± 2.77 21.79 ± 2.23 0.82 

Systolic 
blood pressure 

(mmHg) 114.6 ± 12.7 115.2 ± 13.5 0.86 

Diastolic 
blood pressure 

(mmHg) 73.4 ± 10.7 74.0 ± 8.2 0.81 

Pulse rate (beats/min) 71.9 ± 12.0 72.4 ± 9.3 0.85 

2-step value 1.19 ± 0.05 1.19 ± 0.06 0.99 

Muscle mass (kg) 38.38 ± 6.17 40.30 ± 7.84 0.35 

Body fat mass (kg) 16.20 ± 5.13 15.37 ± 4.12 0.54 

Values at pre-dose Week 0. “Group A” and “Group P” refer to the GABA and placebo food intake groups, respectively. Values are expressed 

as mean ± standard deviation (excluding number of subjects and sex). Comparisons between groups were performed using the two-

sample t-test, and between sexes were performed using the chi-square test. 
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Study food intake rate: The intake rate of the study food 

was 100% for 48 subjects and 98.8% for two subjects. 

Primary outcomes (body composition and lean body 

mass measurement): Table 3 shows the actual muscle 

and body fat mass values measured at pre-dose Week 0 

and the changes at Weeks 6 and 12. No significant 

differences existed between groups in the mass of 

change at Week 6 and 12 for any item. In the 

intragroup comparison with pre-dose Week 0, 

body fat mass decreased significantly in group A at 

Week 6 and 12 and in group P at Week 12. There 

were no significant differences in other items at any 

time point evaluated. 

Table 3. Primary outcomes. 

Group Actual value Change in mass 

Pre-dose Week 0 Week 6 Week 12 

Muscle mass (kg) A 38.38 ± 6.17 0.28 ± 0.91 0.28 ± 0.80 

P 40.30 ± 7.84 0.08 ± 0.91 0.34 ± 0.96 

p-value
(two-sample t-test)

0.35 0.45 0.81 

Body fat mass (kg) A 16.20 ± 5.13 -0.54 ± 1.23* -0.93 ± 1.55**

P 15.37 ± 4.12 -0.29 ± 1.29 -0.65 ± 1.16**

p-value
(two-sample t-test)

0.54 0.49 0.48 

Values are expressed as mean ± standard deviation. “A” and “P” refer to the GABA and placebo food intake groups, respectively. 

Comparisons between groups were performed using the two-sample t-test. Significant differences in the one-sample t-test of intragroup 

changes relative to pre-dose Week 0 are expressed as **p < 0.01, *p < 0.05. The numbers of subjects were A: 24 (23 at Week 6 only) and 

P: 25. 

Secondary outcomes and other evaluation items (TUG 

test, grip strength, knee extension muscle strength, 

growth hormone value, self-awareness questionnaire, 

and activity level measurement) 

TUG test: There were no significant differences between 

groups in the amount of change at Week 6 and 12 for any 

item. In an intragroup comparison with pre-dose Week 0, 

TUG recording time significantly decreased at Week 6 and 

12 in both groups. The fall risk estimates for group P 

decreased significantly in Week 12. Frailty estimates 

significantly decreased in Group A in Week 12 and Group 

P in Week 6. There were no significant differences in 

other items at any time point evaluated. 

Grip strength: For all items, there were significant 

differences between the groups in the actual values 

measured in pre-dose Week 0; thus, an analysis of 

covariance was conducted. However, an interaction was 

observed at Week 12 on the left hand, so covariance 

analysis was not performed. No significant differences 

between groups were found in the amount of change at 

Weeks 6 and 12 for any of the items analyzed by 

covariance analysis. In the intragroup comparison with 

pre-dose Week 0, there was a significant increase in right-

hand and left-hand active groups at Weeks 6 and 12. The 

dominant hand value significantly decreased in Week 6 in 

Group P. The non-dominant hand significantly increased 

in Week 6 and 12 in both groups. There were no 

significant differences in other items at any time point 

evaluated. 

Knee extension muscle strength: Table 4 shows the knee 

extension muscle strength value divided by the body 

weight on the test day and multiplied by 100. The amount 
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of change at Week 6 for the dominant leg (group A: 11.17 

± 8.01%, group P: 4.86 ± 7.40%, p = 0.02) was significantly 

increased in group A compared to group P. In the 

intragroup comparison with pre-dose Week 0, all items 

significantly increased in both groups at Week 6 and 12. 

Table 4. Secondary outcomes (knee extension muscle strength). 

Values are expressed as mean ± standard deviation. “A” and “P” refer to the GABA and placebo food intake groups, respectively. The leg 

with the higher knee extension muscle strength value at Week 0 was “the dominant leg,” and the leg with the lower knee extension 

muscle strength value at Week 0 was “the non-dominant leg.” Comparisons between groups were performed using the Mann-Whitney U 

test. Significant differences in the Wilcoxon signed-rank sum test of intragroup changes relative to pre-dose Week 0 are expressed as **p 

< 0.01, *p < 0.05. The numbers of subjects were A: 24 (23 in Week 6 only) and P: 25. 

Growth hormone value: Because the actual values 

measured in pre-dose Week 0 were significantly different 

between groups, an analysis of covariance was 

performed. There were no significant differences 

between groups in the amount of change at 6 and 12 

weeks for any item. In the intragroup comparison with 

pre-dose Week 0, all items had no significant differences 

at any time point evaluated. 

Self-awareness questionnaire (fall anxiety scale): 

Regarding Question 9, “Reaching into a cupboard or 

drawer,” there was a significant difference between 

groups in the actual values measured in pre-dose Week 

0. There were no significant differences between groups 

in the amount of change at Week 6 and 12 for any item. 

In the within-group comparison with pre-dose Week 0, 

the total score for all questions in group P decreased 

significantly at Week 12, and the score for question 7,  

“Going up and down stairs” in group A decreased 

significantly at Week 6. Other items did not differ 

significantly at any time point evaluated. 

Activity level: There were no significant differences in all 

items between groups and in the intragroup comparison 

at any time point evaluated. 

Group Actual value Amount of change 

Pre-dose Week 0 Week 6 Week 12 

Right leg (%) A 39.45 ± 13.23 12.29 ± 8.21** 13.85 ± 11.07** 

P 42.51 ± 16.26 9.24 ± 9.12** 14.73 ± 10.33** 

p-value (Mann-Whitney U test) 0.52 0.27 0.65 

Left leg (%) A 37.31 ± 12.04 12.67 ± 9.12** 14.99 ± 12.72** 

P 41.78 ± 16.33 7.54 ± 7.19** 13.97 ± 8.38** 

p-value (Mann-Whitney U test) 0.38 0.07 0.73 

Dominant leg (%) A 40.93 ± 12.97 11.17 ± 8.01** 11.86 ± 13.41** 

P 44.70 ± 16.58 4.86 ± 7.40** 12.49 ± 9.77** 

p-value (Mann-Whitney U test) 0.41 0.02 0.61 

Non-dominant leg (%) A 35.83 ± 11.86 13.79 ± 9.87** 16.98 ± 10.59** 

P 39.59 ± 15.59 11.92 ± 8.92** 16.21 ± 9.02** 

p-value (Mann-Whitney U test) 0.37 0.72 0.93 
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Post hoc subgroup analysis by sex: It is known that there 

are sex differences in body composition and lean body 

mass [32], as well as knee extension muscle strength [33], 

which showed a significant difference between groups in 

the per-protocol set. Therefore, as a post-hoc analysis of 

this study, we conducted a stratified analysis by males. 

The backgrounds of the 7 group A and 12 group P subjects 

are shown in Table 5. There were no significant 

differences between the groups in pre-dose Week 0 

values, and no imbalance was observed in pre-dose Week 

0 values. 

Table 5. Subject demographics (male). 

Group A Group P p-value

Number of subjects 7 12 - 

Age (years) 60.1 ± 8.3 60.8 ± 8.1 0.86 

Height (cm) 168.70 ± 4.99 169.61 ± 5.48 0.72 

Body weight (kg) 63.79 ± 7.05 63.94 ± 8.34 0.97 

Body mass index (kg/m2) 22.44 ± 2.61 22.18 ± 2.35 0.83 

Systolic blood pressure (mmHg) 117.1 ± 13.5 118.5 ± 15.0 0.85 

Diastolic blood 
pressure 

(mmHg) 71.3 ± 14.5 77.1 ± 7.8 0.27 

Pulse rate (beats/min) 69.4 ± 15.4 74.6 ± 11.4 0.41 

2-step value 1.17 ± 0.05 1.20 ± 0.06 0.33 

Muscle mass (kg) 46.37 ± 3.45 47.08 ± 5.61 0.77 

Body fat mass (kg) 14.74 ± 4.66 14.07 ± 3.58 0.73 

Value at pre-dose Week 0. “Group A” and “Group P” refer to the GABA and placebo food intake groups, respectively. Values are expressed 

as mean ± standard deviation (excluding number of subjects). Comparisons between groups were performed using the two-sample t-test. 

Table 6 shows the actual muscle and body fat mass 

values measured at pre-dose Week 0 and the changes at 

Week 6 and 12 in males. There were no significant 

differences between the groups in changes in body 

composition and lean body mass at Week 6 and 12. In an 

intra-group comparison with pre-dose Week 0, body fat 

mass decreased significantly in group A at Week 6 and in 

group P at Week 12. No significant changes were 

observed in lean body mass at any time point evaluated. 

Table 7 shows the percent knee extension muscle 

strength value, divided by the body weight on the test day 

and multiplied by 100. The amount of change in the right 

leg at Week 6 (group A: 20.44 ± 6.20%, group P: 6.59 ± 

8.82%, p = 0.001) and at Week 12 (group A: 22.33 ± 

9.52%, group P: 11.05 ± 11.98%, p = 0.007), the amount 

of change in the left leg at Week 6 (group A: 17.67 

± 10.78%, group P: 5.76 ± 6.81%, p = 0.02), the amount 

of change in the dominant leg at Week 6 (group A: 18.70 

± 8.27%, group P: 2.43 ± 7.61%, p = 0.001), and the 

amount of change in the non-dominant leg at Week 12 

(group A: 23.57 ± 9.23%, Group P: 13.84 ± 10.75%, p 

= 0.013) showed significant increases in group A 

compared with group P. In the intragroup 

comparison with pre-dose Week 0, the right leg, left 

leg, and the non-dominant leg increased significantly at 

Week 6 and 12 in both groups. There was a significant 

increase in Group A in Week 6 and 12 and Group P in 

Week 12 with the dominant leg. No significant changes 

were observed in other items at any time point.
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Table 6. Post hoc subgroup analysis of primary outcomes (males). 

Group Actual value Change in mass 

Pre-dose Week 0 Week 6 Week 12 

Muscle mass (kg) A 46.37 ± 3.45 0.53 ± 1.02 0.23 ± 0.96 

P 47.08 ± 5.61 0.12 ± 1.11 0.53 ± 1.13 

p-value
(two-sample t-test)

0.77 0.43 0.57 

Body fat mass (kg) A 14.74 ± 4.66 -1.43 ± 1.46* -1.61 ± 1.86

P 14.07 ± 3.58 -0.68 ± 1.38 -1.12 ± 1.13**

p-value
(two-sample t-test)

0.73 0.28 0.47 

Values are expressed as mean ± standard deviation. “A” and “P” refer to the GABA and placebo food intake groups, respectively. 
Comparisons between groups were performed using the two-sample t-test. Significant differences in the one-sample t-test of intragroup 
changes relative to pre-dose Week 0 are expressed as **p < 0.01, *p < 0.05. The number of subjects was A: 7 and P: 12. 

Table 7. Post hoc subgroup analysis of secondary outcomes (knee extension muscle strength, males). 

Group Actual value Amount of change 

Pre-dose Week 0 Week 6 Week 12 

Right leg (%) A 49.21 ± 13.07 20.44 ± 6.20* 22.33 ± 9.52* 

P 48.93 ± 17.28 6.59 ± 8.82* 11.05 ± 11.98** 

p-value

(Mann-Whitney U test)

1.00 0.001 0.007 

Left leg (%) A 48.14 ± 12.30 17.67 ± 10.78* 21.07 ± 17.28* 

P 47.88 ± 17.22 5.76 ± 6.81* 12.19 ± 9.59** 

p-value

(Mann-Whitney U test)

0.95 0.02 0.23 

Dominant leg (%) A 52.17 ± 10.88 18.70 ± 8.27* 19.83 ± 16.95* 

P 51.48 ± 17.15 2.43 ± 7.61 9.40 ± 10.62** 

p-value

(Mann-Whitney U test)

0.97 0.001 0.096 

Non-dominant leg (%) A 45.19 ± 13.27 19.41 ± 10.75* 23.57 ± 9.23* 

P 45.33 ± 16.76 9.93 ± 9.32** 13.84 ± 10.75** 

p-value

(Mann-Whitney U test)

0.84 0.12 0.013 

Values are expressed as mean ± standard deviation. “A” and “P” refer to the GABA and placebo food intake groups, respectively. The leg 

with a higher knee extension muscle strength value at Week 0 was “the dominant leg,” and the leg with a lower knee extension muscle 

strength value at Week 0 was “the non-dominant leg.” Comparisons between groups were performed using the Mann-Whitney U test. 

Significant differences in the Wilcoxon signed-rank sum test of intragroup changes relative to pre-dose Week 0 are expressed as **p < 

0.01, *p < 0.05. Number of subjects were A: 7 and P: 12.
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Safety test: Two adverse events occurred in 2 of 25 

subjects (8.0%) in group A, but none in group P before 

studying food intake. During the intake period, 11 adverse 

events occurred in 8 of 25 subjects (32.0%) in group A and 

12 in 6 of 25 subjects (24.0%) in group P. The breakdown 

of adverse events after starting intake was 2 cases of 

muscle pain, 2 cases of new coronavirus infection, 1 case 

of acute lower back pain, 1 case of abdominal pain, 1 case 

of hip pain, 1 case of knee pain, 1 case of gastrocnemius 

muscle spasm, 1 case of nasal discharge, and 1 case of 

heatstroke in group A; 2 cases of knee pain, 1 case of 

gastrocnemius muscle spasm, 1 case of cold symptoms, 1 

case of eczema (scalp), 1 case of headache, 1 case of wrist 

bruise, 1 case of lower back pain, 1 case of abdominal 

pain/diarrhea, 1 case of diarrhea, 1 case of calf pain, and 

1 case of cough in group P. Some of the adverse events 

were self-reported as caused by locomotion training and 

were related to this study, but in both cases, causes other 

than the study food could be identified. Thus, as 

determined by the principal investigator, there was no 

correlation to the study food. Regarding other adverse 

events, the principal investigator determined that there 

was no relationship to the study food. No drugs or healthy 

foods were taken during the trial period that would affect 

the results. 

 In body composition, lean body mass 

measurement, and physical examination, some items 

showed significant changes in the post-intake tests 

compared to pre-dose Week 0; however, all changes were 

minor. Therefore, it was determined by the principal 

investigator that there was no clinical problem. There 

were some significant changes in the hematology, blood 

biochemistry, and urinalysis tests compared to pre-dose 

Week 0, but all changes were within standard values. 

Some subjects showed positive protein (qualitative) and 

occult blood reaction (qualitative) results in urine tests. 

Still, as both were thought to be due to menstruation or 

physiological fluctuations, the principal investigator 

determined that there was no clinical problem. 

DISCUSSION 

In this study, when healthy people over 40 years of age 

who were aware of a decline in muscle strength and who 

objectively showed a decrease in muscle strength using 

the 2-step test ingested GABA in combination with lower 

body exercise, no significant difference was observed in 

lean body mass and growth hormone levels. On the other 

hand, in the study by Choi et al. in which middle-aged 

females with a habit of aerobic exercise (once or twice a 

week) were asked to abstain from regular exercise and 

ingested GFST for eight weeks, lean body mass 

significantly increased compared to the placebo group 

[17]. In our study, lean body mass was measured using 

the BIA method, whereas the study by Choi et al. 

employed the DEXA method. The difference in 

measurement principle may have influenced the 

difference in lean body mass results. In the study by Choi 

et al. [17], total fat mass was about 36 kg in the GFST 

intake group and 34 kg in the placebo group at pre-dose 

Week 0. On the other hand, in this study, total fat mass 

was 16.2 kg in the GABA intake group and 15.4 kg in the 

placebo group at pre-dose Week 0, suggesting that 

differences in the body composition at pre-dose Week 0 

may have affected muscle mass of change. In our study, 

subjects performed locomotion training (standing on one 

leg, squats, and heel raises) during the test period. One-

leg standing (2.1 METs), squats (6.5 METs), and front 

lunges (8.5 METs) performed by subjects in this study 

were equivalent to prolonged walking, walking at a speed 

of 130 steps/min, and running at a speed of 134 m/min, 

respectively [24–28]. When 93 elderly people performed 

the locomotion training for three months, a noticeable 

decreasing trend in Body Mass Index (BMI) was observed 

[34]. BMI is calculated as [weight (kg)] ÷ [height (m) 

squared] and is used to determine obesity and 

underweight status (thinness). Locomotion training may 
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have influenced body composition. GABA intake 

promotes growth hormone secretion [35]. Growth 

hormones play a vital role in the growth and maintenance 

of skeletal muscle, stimulating increases in muscle 

protein synthesis [36]. In the study by Choi et al. [17], 

growth hormone levels were also significantly increased 

in the GABA intake group, suggesting that the increase in 

growth hormone levels caused the increase in lean body 

mass. Further, in the study by Choi et al. [17], growth 

hormone levels were measured by a commercially 

available kit, Immulite 2000 (Siemens AG, Muenchen, 

Germany). On the other hand, in our study, growth 

hormone concentrations were measured by the ECLIA 

method, and growth hormone levels were not 

significantly increased in the GABA intake group. The 

difference in measurement method may have affected 

the results. 

In this study, the GABA intake group significantly 

increased knee extension muscle strength compared to 

the placebo group at Week 6. Locomotion training 

improves knee extension muscle strength in older adults 

[37]. In this study, the combination of GABA intake and 

locomotion training significantly improved knee 

extension muscle strength compared to locomotion 

training alone. In older people, lack of exercise and 

hormonal changes lead to decreased repair and 

regeneration ability due to reduced muscle satellite cells, 

resulting in muscle protein breakdown that exceeds 

synthesis. Furthermore, mitochondrial dysfunction 

causes metabolic abnormalities, leading to quantitative 

and qualitative abnormalities in skeletal muscle [4]. 

Muscle quality can be expressed as the ratio of muscle 

strength to muscle mass [38]. The effect of muscle 

strength on quality of life is more important than muscle 

mass. More specifically, muscle strength overwhelms 

muscle mass as a determinant of quality of life [39]. A 

positive correlation exists between 6-minute walking 

distance and knee extension muscle strength [40]. On the 

other hand, experiments in C2C12 myoblasts showed 

that GABA promotes muscle cell proliferation, myoblast 

determination protein 1 (MyoD), and peroxisome 

proliferator-activated receptor γ coactivator (PGC)-1α 

expression and suppresses myostatin expression [41]. 

MyoD functions to transdifferentiate non-muscle cells 

into muscle cells [42] and is integral to skeletal muscle 

development [43]. Increased expression of PGC-1α in the 

skeletal muscle of aged wild-type mice protects against 

the development of mitochondrial dysfunction and 

sarcopenia [44]. Myostatin, a member of the 

transforming growth factor-β superfamily, is an attractive 

target for muscle disease therapy because of its role as a 

negative regulator of muscle growth and strength [45]. 

Orally ingested GABA passes into the blood and reaches 

peak concentration after 30 minutes [11]. In a study in 

which mice were administered GABA, a substrate for 

homocarnosine synthesis in skeletal muscle, 

homocarnosine levels were significantly increased in the 

GABA-treated groups compared to the GABA-free group. 

In other words, orally administered GABA reached the 

skeletal muscles [46]. GABAA receptors are expressed on 

C2C12 myoblasts [47]. From the above, it was thought 

that orally ingested GABA could reach the muscle tissue, 

increase the number of muscle cells, and promote muscle 

growth and strength gains. This was suggested to be the 

mechanism of the significant increase in knee extension 

muscle strength in the GABA intake group in our study. 

In post hoc subgroup analysis by sex, for males, in 

knee extension muscle strength, the GABA intake group 

showed a significant increase compared to the placebo 

group in the right leg at Week 6 and 12, in the left leg at 

Week 6, in the dominant leg at Week 6, and in the non-

dominant leg at Week 12. The rate of decline in knee 

extension muscle strength due to aging is greater in males 

than in females [48]. Testosterone is the primary male 

hormone responsible for regulating sex differentiation, 

producing male sex characteristics [49]. The mean serum 
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testosterone concentrations were 13.8, 10.3, and 5.6 

pg/mL in males aged 20–30, 40–59, and 60+ years, 

respectively. In contrast, concentrations were 0.23, 0.20, 

and 0.20 in females aged 20–30, 40–59, and 60+ years, 

respectively [50]. One week of treatment with 

testosterone propionate increased GABAA receptor 

sensitivity [51]. GABAA receptors are expressed on C2C12 

myoblasts [47]. Therefore, this study suggested that 

GABA intake had a greater effect on increasing knee 

extension muscle strength in males whose GABAA 

receptor sensitivity was increased due to the action of 

testosterone. 

Physiologists have reported that human muscle 

strength increases from morning to evening [52]. In this 

study, each test was conducted in the morning, so it was 

assumed that the measured knee extension muscle 

strength was relatively low from a circadian rhythm 

perspective. Since the tests were conducted at similar 

times, it was thought that there was little variation in 

knee extension muscle strength between tests. 

Therefore, in this study, it was suggested that there is no 

need to consider the influence of circadian rhythm on the 

measured knee extension muscle strength. 

We considered the effects of exercise and GABA 

intake on muscle mass, muscle quality, and muscle 

strength. Choi et al. found that GFST intake without 

training resulted in a significant increase in muscle mass 

compared to the group without training that did not 

ingest GFST; however, there was no significant difference 

in knee extension muscle strength [17]. On the contrary, 

in the present study, GABA intake with locomotion 

training did not result in a significant difference in muscle 

mass compared to the group with locomotion training 

that did not ingest GABA. Yet, there was a significant 

increase in the knee extension muscle strength. With 

aging, muscle protein synthesis decreases [53], and fat 

infiltrates muscle cells, resulting in poor muscle quality 

and, consequently, a decline in muscle strength [54]. 

Muscle density is more strongly related to muscle 

strength than muscle size [55], and an increase in 

intramuscular lipids contributes to sarcopenia [56]. 

Particularly in obese people, the increase in 

intramuscular lipids is remarkable [54]. When older 

adults who had been doing muscle training stopped 

training for a long time, muscle fibers decreased, and 

intramuscular lipids increased [57]. Based on these 

previous studies, obese people and older adults who do 

not exercise or have stopped exercising exhibit decreases 

in muscle mass, muscle density, and muscle strength. 

Total fat at pre-dose week 0 was high in both groups in 

the study by Choi et al. [17], suggesting a tendency 

towards obesity. In addition, before participating in the 

study, the subjects had been doing aerobic exercise once 

or twice a week, but they abstained from exercise during 

the test period. In other words, it was assumed that 

muscle protein decreased, and muscle lipids increased in 

the group that did not ingest GFST. We speculated that 

muscle protein significantly increased in the GFST intake 

group, but since they also abstained from exercise, 

intramuscular lipids also increased, resulting in no 

significant difference in muscle strength between the 

groups. Exercise increases muscle protein synthesis in 

older adults [58]. Moreover, resistance training in aged 

rats was demonstrated to reduce intramuscular lipid 

accumulation, increase MyoD expression, and decrease 

myostatin expression [57]. In other words, resistance 

training increases muscle mass and muscle strength. 

Based on these reported findings, muscle mass and 

strength decrease with age but increase with exercise. 

Therefore, in the present study, muscle protein synthesis 

increased, and intramuscular lipids decreased in both 

groups because they performed locomotion training, and 

this could be the reason for the lack of significant 

differences in muscle mass between the groups. GABA 

promotes the proliferation of myoblasts, increases their 

expression of MyoD, and decreases their expression of 
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myostatin [41], suggesting that GABA increases the 

number of myotubes and myofibers. In the present study, 

we speculated that in the GABA intake group, 

intramuscular lipids decreased due to training, and the 

number of myotubes and myofibers increased due to 

training and GABA intake, resulting in an overall increase 

in muscle density. This could explain why the GABA intake 

group significantly increased knee extension muscle 

strength in the group comparison. 

Regarding safety, the principal investigator 

determined that no adverse events were related to the 

study food. In addition, significant differences were 

observed in some items in body composition/lean body 

mass measurements, physical examinations, and clinical 

examinations when comparing pre-dose Week 0 and 

after intake in each group; however, these were all minor 

changes. Therefore, the causal relationship with the 

active food was determined to be “not related.” Based on 

the above, it was concluded that GABA-containing foods 

can be safely consumed under the conditions of this 

study. 

CONCLUSION 

In this study, healthy males and females assessed as 

locomotive syndrome level 1 and over the age of 40 

ingested GABA and underwent exercise training focused 

on the lower body, which resulted in a significant increase 

in knee extension muscle strength at Week 6. In 

particular, knee extension muscle strength in males 

significantly improved at Week 6 and 12. This study 

supports previous research on the vital role of an 

increased GABA intake in promoting growth hormone 

secretion, resulting in increased muscle protein synthesis 

and lean body mass. Since knee extension muscle 

strength is an essential biomarker for sarcopenia, this 

study suggests that GABA is a functional food ingredient 

that can be beneficial in alleviating sarcopenia. The 

results indicate that the combination of oral intake of 

GABA and exercise focusing on the lower body in subjects 

over 40, especially males, is effective in maintaining the 

ability to stand up from a lying position or sitting in a 

chair, the ability to sit in a chair, and the ability to walk. 

List of Abbreviations: Active food: GABA-containing food, 

Group A: Active food intake group, Group P: Placebo food 

intake group, Placebo food: GABA-free food, Pre-dose 

Week 0: Tests performed before starting intake, TUG test: 

Timed Up & Go test, Week 6: Test conducted six weeks 

after starting intake, Week 12: Test conducted 12 weeks 

after starting intake, xx ± yy: Mean value (or least squares 

mean value) ± standard deviation (or standard error). 
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