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DIETARY MILK FAT GLOBULE MEMBRANE WITH SEMIWEEKLY 
LIGHT EXERCISE IMPROVES CHOICE STEPPING REACTION TIME 

IN HEALTHY JAPANESE ELDERLY SUBJECTS: A RANDOMIZED 
DOUBLE BLIND, PLACEBO-CONTROLLED TRIAL      

N. Ota1, S. Soga1, A. Shimotoyodome1

Introduction 

Aging is associated with an increased risk of falling. 
Fall-related injuries and deaths in the elderly are a major 
and increasingly common healthcare problem worldwide 
(1). Accordingly, preventing falls is a major healthcare 
priority in aging societies.

The risk of falling is increased by physiological 
impairments in agility, muscle strength, and balance (2). 
Exercise can reduce the fall risk by ameliorating these 
physiological impairments (3). However, further research 
is needed in order to clarify the optimal exercise program 
for reducing fall risk and occurrence. Since high-intensity, 
long-term exercise training is impractical for the elderly, 
more efficient strategies that boost the beneficial effects 
of exercise, are required to efficiently reduce the fall 
risk. Nutritional supplementation may facilitate physical 
improvement for untrained people more efficiently, 
even in combination with low-intensity, low-frequency 
exercises. Recent studies have demonstrated that dietary 
supplementation with amino acids (4) or tea catechins 

(5) plus regular low-intensity exercise improved muscle 
mass and strength in the elderly.

Our recent  studies  i l lustrated that  dietary 
supplementation with milk fat globule membrane 
(MFGM) plus voluntary habitual exercise improves 
muscle mass and strength (6) and physical endurance 
capacity (7) in mice. MFGM is a structural membrane 
covering a triglyceride globule dispersed as emulsified 
bodies in milk (8). Our previous study revealed that the 
beneficial effects of dietary MFGM on skeletal muscles 
were associated with the stimulation of neuromuscular 
junction development (6), a critical structure of the motor 
unit (single motor neuron and all of the muscle fibers 
that it innervates). Because the motor unit is the critical 
functional unit for voluntary muscle contraction and 
physical movement, increases in the number of active 
motor units may improve agility, muscle strength, and 
balance. Our recent study demonstrated that MFGM 
intake plus regular exercise enhanced physical agility 
by improving fast-type motor unit maintenance in 
middle-aged adults (9). However, whether nutritional 
supplementation with MFGM plus low-intensity, low-
frequency exercise can improve agility in the elderly and 
reduce fall risk, remains unclear.

This study sought to demonstrate the beneficial effects 
of dietary MFGM supplementation plus semiweekly 
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Abstract: This study aimed to demonstrate the beneficial effects of nutritional supplementation with milk fat globule membrane 
combined with light exercise on agility, which predicts falls in the elderly. Twenty-five healthy volunteers (aged 60-74 years 
old; male/female = 11/14) were enrolled in a randomized, double-blind, placebo-controlled intervention study. The subjects 
ingested placebo or milk fat globule membrane (1 g/day) tablets daily for 5 weeks and engaged in a 30-min light exercise program 
semiweekly. After 5 weeks, agility was evaluated using the choice stepping reaction time. The milk fat globule membrane group 
had significantly shorter motion start and reaction times compared to the placebo group. The reduction in motion start and 
reaction times was significantly greater in the milk fat globule membrane compared to the placebo group. In conclusion, this study 
provides evidence that dietary milk fat globule membrane supplementation improves choice stepping reaction time and agility in 
the healthy elderly population.
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light exercise on choice stepping reaction time (CSRT), an 
indicator of agility (10) and significant predictor of falls 
(11) in the elderly. 

 
Methods

Subjects and test design 

In this study, 11 male (62–73 years old) and 14 female 
(60–74 years old) healthy volunteers were enrolled in 
Tochigi (Japan). Written informed consent was obtained 
after the subjects were fully informed about the study 
details and methods. The study was performed under 
the supervision of an occupational health physician, in 
accordance with the regulations of the Kao Corporation 
Ethics Committee for Internal Clinical Studies and in 
conformity with the Declaration of Helsinki.

In this double-blind randomized placebo-controlled 
trial, a person without study involvement conducted the 
computer-generated randomization, and the subjects 
and test staff remained unaware of the assignments. The 
subjects consumed either placebo (placebo group, n = 
12 [male, n = 5; female, n = 7]) or MFGM tablets (MFGM 
group, n = 13 [male, n = 6; female, n = 7]). The average 
daily steps and intake of milk products such as yogurt, 
cheese, butter, and milk beverages in the placebo and 
MFGM groups were 6875 ± 845 and 7212 ± 842 steps, and 
90 ± 21 and 127 ± 26 g/day, respectively.

Intervention

The subjects ingested six tablets containing 1 g of 
either MFGM (containing 3.5% sphingomyelin) (9) or 
maltitol (placebo) daily during the 5-week study and 
completed the exercise program twice weekly on 
nonconsecutive days, under a single physician’s 
supervision. The program consisted of 30-min low-
intensity (50% of maximum heart rate) sessions involving 
walking and cycle exercises. On the exercise days, the 
subjects consumed the tablets within 1 h before training. 
On the other days, the subjects ingested the tablets at 
their favorite time during daily physical activity. The 
subjects were instructed not to change their daily physical 
activity or dietary habits during the study. In order to 
monitor their daily activities and intake of test tablets and 
milk products, the subjects used an electronic pedometer 
(FB-732, Tanita, Co., Tokyo, Japan) and record sheets, 
respectively.

Physical function test

The primary outcome of this study was the CSRT, 
which is recognized as an indicator of agility (10), 
includes central processing speed and movement velocity 
(12), and is an independent and significant predictor of 

falls in the elderly (11). The tests were conducted before 
(baseline) and after the 5-week intervention. 

The four-way CSRT was measured using a 
computerized force platform (TKK-1264, Takei 
Instruments, Niigata, Japan) (13). While standing on the 
center panel, the participants were instructed to quickly 
move forward, backward, left, or right, according to 
visual cues randomly presented on a screen. Eight trials 
were conducted for each of the stepping responses. The 
motion start time (MST) was defined as the interval 
between a visual signal and the removal of either foot 
from the center panel. The reaction time (RT) was defined 
as the time between a visual signal and removal of the 
other foot from the center panel. MST and RT were 
measured in milliseconds and recorded automatically. 
Body weight, muscle mass, and the body fat ratio were 
measured using a bioimpedance body fat analyzer (BC-
621, Tanita Co., Tokyo, Japan). 

Statistical analysis

Data are presented as the mean ± SEM. Two-way 
analysis of variance was performed using the time point 
as the repeated measure and the group as the non-
repeated measure. When a significant group-by-time 
interaction was observed, an unpaired t-test was used 
for intergroup comparisons at each time point, while 
a paired t-test was used for intragroup comparisons, 
respectively. In a separate analysis, percent changes 
in values from baseline to the end of the intervention 
were evaluated using an unpaired t-test for intergroup 
comparisons. For the statistical analysis, STATVIEW 
for WINDOWS (SAS Institute Inc., Cary, NC, USA) was 
used. All P-values were two-tailed, and a P value of < 
0.05 denoted statistical significance.  

Results

Ingestion of the test tablets caused no adverse effects. 
Two subjects (one in each group) did not complete the 
study after randomization because of a lack of motivation 
for the intervention. No significant inter- or intragroup 
differences were noted in daily activities and milk intake 
(data not shown).

No significant changes in body weight, muscle 
mass, and the body fat ratio were observed during the 
intervention (Table 1). After 5 weeks, the MFGM group 
had a significantly shorter MST and RT (0.423 ± 0.014 
and 0.939 ± 0.020 s, respectively) compared to the placebo 
group (0.480 ± 0.019 and 1.020 ± 0.029 s, respectively) 
(Table 2). Following the intervention, both the MST and 
RT declined in the MFGM group (−3.13 ± 2.71 and −3.39 
± 1.67%, respectively) and increased in the placebo group 
(+5.05 ± 2.53 and +2.55 ± 1.70%, respectively).
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Discussion

This study is the first to demonstrate significantly 
improved CSRT in healthy Japanese elderly subjects 
after dietary supplementation with MFGM (1 g/day) 
plus semiweekly light exercise for 5 weeks. In a CSRT 
test, both RT and MST involve central processing and 
neuromuscular transmission. Our previous studies 
demonstrated that MFGM plus voluntary exercise 
improved muscle strength in senescence-accelerated 
mice by stimulating “nervous system development” in 
the skeletal muscle (6). Our recent human study revealed 
that MFGM enhanced agility in middle-aged adults by 
improving fast-type motor unit maintenance (9). The 
seminal study of Lord and Fitzpatrick illustrated that 
CSRT was an independent and significant predictor 

of falls in older people, and elucidated the roles of 
neuropsychological, sensorimotor, speed, and balance 
factors in agility. It also demonstrated the mean CSRT 
in the younger (0.744 s) and older (1.264 s) populations, 
respectively (11). In our present study, MFGM ingestion 
plus exercise shortened the RT to 0.035 s, which is 
equivalent to having regained agility that was lost in 
the past three years. Taken together, the CSRT decreases 
after MFGM ingestion are consistent with our previous 
findings. This suggests that dietary MFGM plus low-
intensity, low-frequency exercise increases motor unit 
activity by enhancing neuromuscular transmission, 
resulting in improved agility and fall prevention in the 
elderly.

The potential limitations of the present study include 
our small study population and the unclear underlying 
mechanism for CSRT improvement. Further studies with 
larger populations are required in order to clarify these 
issues. 

In conclusion, this study suggests that dietary MFGM 
supplementation (1 g/day) combined with semiweekly 
light exercise improves CSRT, an agility marker (10) and 
fall predictor (11) in healthy Japanese elderly subjects. 
Daily intake of adequate amounts of MFGM from milk or 
dairy products is impractical because the amount (1 g) of 
MFGM used in the study corresponds to 600 mL of whole 
milk. Therefore, daily MFGM supplementation, together 
with low-intensity, low-frequency exercise, may improve 
agility and reduce fall risk in the elderly. 
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unpaired t-test (P < 0.05).
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