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Abstract

Background: To delay the onset of dementia with age, it is important for healthy
adults to take preventive measures before cognitive decline occurs. Cognitive
function decline is often associated with mood disorders such as depression.
N-acetylmannosamine (ManNAc) showed activity in a screening assay for com-
ponents that induced the generation of orexin-producing neurons. Orexins
are neuropeptides involved in the regulation of various bodily functions, such
as cognitive and psychological function. Therefore, we aimed to examine the
effects of ManNAc intake on cognitive and psychological function in middle-
aged and older humans. Methods: A randomized, double-blind, placebo-con-
trolled, parallel-group study was conducted to evaluate the impact of ManNAc
on cognitive and psychological functions in middle-aged and older healthy par-
ticipants. Eighty participants were enrolled and randomly divided into active
and placebo groups. The participants consumed either food containing Man-
NAc 8.8 mg or food without ManNAc for 12 weeks. As the main outcome, cog-
nitive function was assessed before and after ingestion using the Cognitrax test.
The secondary outcome, psychological function, was also examined using the
POMS2. Results: The active group showed statistical significance in the “Neu-
rocognitive Index”, which is an assessment of overall cognitive function, in

» «

addition to the “Psychomotor Speed”, “Reaction Time”, “Cognitive Flexibility”,
“Executive Function”, and “Motor Speed” factors in the Cognitrax test compared

to the placebo group (P < 0.05). Furthermore, the active group showed statis-
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tically significant differences in “Vigor-Activity” and “Friendliness” in the POMS2
compared to the placebo group (P < 0.05). No adverse events attributable to
the study foods were observed during the study period. Conclusions: Over-
all, ManNAc improved cognitive and psychological functions in middle-aged
and older adults.
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1. Introduction

Cognitive functions include memory, attention, language, information processing,
and executive functions, most of which decline with age [1]. The world’s elderly
population continues to grow every year, and the number of people aged 60 and
over is expected to increase from 1 billion in 2020 to 1.4 billion by 2030 [2]. At the
same time, the number of people suffering from dementia is also on the rise, with
more than 55 million people currently suffering from dementia worldwide, and it
is estimated that nearly 10 million new cases of dementia are diagnosed each year
[3]. Mild cognitive impairment (MCI) is a precursor to dementia, with 9.6% of peo-
ple per year transitioning from MCI to dementia [4] [5], while approximately 30%
of people with MCI are reported to return to their original healthy state [6]. There-
fore, it is important to reduce cognitive decline to prevent the transition from healthy
to MCI or the progression from MCI to dementia. MCI is often associated with
mood disorders, such as depression, and both cognitive and psychological function-
ing are known to be related to health [7]. With cognitive decline, not only mood
state but also social activities, such as interpersonal relationships, are known to be
negatively affected [8]. In recent years, these effects have become indicators of
mental and social frailty [9]. Therefore, early reduction of the risk of both cogni-
tive decline and mood disorders through intervention is considered important in
terms of preventing mental and social frailty and maintaining quality of life (QOL).
In particular, several studies have recently verified the effects of functional food
ingredients on cognitive decline and mood disorders [10] [11], and attention is be-
ing focused on reducing these risks through methods that allow for easy consump-
tion, such as food.

Orexins are known to be among the factors that regulate cognitive and psycho-
logical function. Orexins are endogenous neuropeptides, classified into two inde-
pendent groups: orexins A and B (also known as hypocretins 1 and 2). Their cor-
responding receptors are orexin type 1 and 2 receptors (also known as hypocretin
type 1 and 2 receptors) [12] [13]. Although orexin production is restricted to neu-
rons in the hypothalamus of the brain, orexin receptors are widely distributed
throughout the brain, and orexin signaling governs a wide range of peripheral and

central areas [14]-[17]. Due to this wide range of dominance, orexin signaling
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regulates various important bodily functions, such as cognitive function, psycho-
logical function, the sleep-wake cycle, and energy balance [18]-[20]. It has also
been reported that the number of orexin-producing neurons decreases with age
in humans [21]. Furthermore, it has been reported that the concentration of orexin
in the cerebral spinal fluid decreases in patients with Alzheimer’s disease as cog-
nitive function scores decline [22], and that the concentration of orexin in the
cerebral spinal fluid is reduced in depressed patients compared to healthy controls
[23]. Orexin signaling produced by orexin-producing neurons is, therefore, a
promising therapeutic target in terms of its involvement in cognitive decline and
mood disorders in general. Therefore, lifestyle interventions to increase or main-
tain orexin-producing neurons and preventive measures using functional foods
may be useful as approaches to reduce the risk of age-related cognitive decline and
mood disorders.

N-acetylmannosamine (ManNAc) is a naturally occurring uncharged mono-
saccharide and a component present in cells as an intermediate in the conversion
of the glycolytic product fructose 6-phosphate to sialic acid via UDP-GIcNAc [24]
[25]. ManNAc showed activity in a screening assay for components that induced
the generation of orexin-producing neurons, marking the first reported successful
induction of orexin-producing neurons from ES cells [26]. The induction of orexin-
producing neurons was not observed with other metabolites of the sialic acid path-
way, such as sialic acid or N-acetylglucosamine (GIcNAc), and the activity was
specific to ManNAc treatment. This effect is considered to be an epigenetic mech-
anism, such as histone acetylation via the intracellular accumulation of UDP-Glc-
NAc, which is located upstream of ManNAc, following the addition of ManNAc
[26]. It has also been reported that the number of orexin-producing neurons in the
hypothalamus increased in old mice orally administered ManNAc [27]. Further-
more, the addition of ManNAc to human iPS cells has been reported to induce the
generation of orexin-producing neurons [26]. Therefore, ManNAc is expected to
induce the generation of orexin-producing neurons in humans [28].

Regarding the bioactivity of ManNAc on cognitive functions, there are reports
that spatial and object discrimination abilities were improved in old mice orally
administered ManNAc [29], and location learning ability was improved in old
dogs orally administered ManNAc [30]. Regarding psychological function, there
are reports that parasympathetic nerve activity is enhanced in old mice orally ad-
ministered ManNAc. Based on these findings, ManNAc intake in humans is ex-
pected to improve cognitive and psychological function by inducing the gener-
ation of orexin-producing neurons; however, the effects in humans have not yet
been demonstrated.

Therefore, we conducted a randomized, double-blind, placebo-controlled, par-
allel-group study to examine the effects of consumption of foods containing Man-
NAcg, a bioactive nutrient, on cognitive and psychological function in healthy adult
men and women aged 40 years or older and younger than 80 years, who were aware

of forgetfulness and felt temporarily depressed in daily life.
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2. Materials and Methods
2.1. Study Subjects and Setting

For this study, the principal investigator recruited paid volunteers according to
inclusion/exclusion criteria. Subjects for this study had to be selected from healthy
adults who did not have dementia but had mild age-related cognitive decline. Mini-
Mental State Examination-Japanese version (MMSE-]) of the Dementia Screening
Test was used as the criteria for determining dementia, with a score of 23 or below
defined as the cut-off value for suspicion of dementia [4].

Healthy adults who met the following inclusion criteria and did not violate the
exclusion criteria were included in the study. The study subjects were given a full
explanation about the study before the start of the study, and their written consent
was obtained.

The inclusion criteria were as follows: 1) males and females aged 40 to 79 years
old; 2) subjects whose score on MMSE-] was 24 or more at screening tests; 3) sub-
jects who were aware of forgetfulness, had had others point out forgetfulness, or
were aware of memory decline; 4) subjects who felt temporal mood depression in
daily life; 5) subjects who could make self-judgment and were voluntarily giving
written informed consent. The exclusion criteria were as follows: 1) subjects who
had been determined by a physician to have dementia; 2) those who were taking
or had taken drugs related to dementia; 3) those who had a history of and/or con-
tract serious diseases (e.g., diabetes, liver disease, kidney disease, heart disease,
cerebrovascular disease); 4) those taking supplements that may improve cognitive
function; 5) those who had a history and/or a surgical history of digestive disease
affecting digestion and absorption; 6) those who were under treatment for or had
a history of alcoholism; 7) those who had declared food allergies; 8) those who
could not stop drinking a day before each measurement; 9) those who consumed
more than approximately 20 g/day of pure alcohol and had a habit of drinking at
least 4 days a week; 10) those with extremely irregular eating habits and lifestyle
patterns; 11) those suffering from depression or other psychiatric disorders; 12)
those who were pregnant or planning to become pregnant or breastfeed during
the study period; 13) those who had donated over 200 mL of blood and/or blood
components within the last one month prior to the current study or over 400 mL
of blood and/or blood components within the last three months prior to the cur-
rent study; 14) those who were planning to participate and/or had participated in
other clinical studies within the last one month prior to the current study; and 15)
those who were judged as unsuitable for the current study by the investigator for
other reasons.

This study was subject to deliberation and approval (approval date: July 6, 2023)
by the Ethical Committee of Kobuna Orthopedics Clinic (Chairman: Toshio Ka-
wada) and was approved according to the “Declaration of Helsinki October 2013,
WDMA Fortaleza General Assembly (Brazil), as amended” and the “Ethical Guide-
lines for Life Science and Medical Research Involving Human Subjects” (2021).

This research study was conducted under the supervision of a physician at the
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Nihonbashi Cardiology Clinic (Tokyo, Japan). The research plan for this study has
been registered in the clinical trial registration system operated by the University
Hospital Medical Information Network Research Center, with registration ID
UMINO000051613 (trial registration name: A Study on the Effect of Test Food on
Cognitive Function—A Randomized, Double-blind, Placebo-controlled, Parallel-
group Study).

2.2. Research Methods

This study was conducted as a randomized, double-blind, placebo-controlled, par-
allel-group study (allocation ratio: 1:1) for a total of 13 weeks, consisting of a pre-
observation period (1 week) and an intake period (12 weeks), with no methodo-
logical changes after study entry. The statistical analyst used computer-generated
random numbers to allocate the subjects using a block randomization method
(block size of 4) with age, gender, and MMSE-] and Cognitrax “Visual Memory”
results as adjustment factors. The two allocated groups were assigned to the active
group and the placebo group by study foods allocation manager who was not di-
rectly involved in the study. Furthermore, study foods allocation manager prepared
and sealed a table with the allocation results (key code) and kept it in a sealed con-
tainer until the key code was disclosed after the analysis subjects were determined,
thereby ensuring blinding to persons other than the study food allocation manager.
In addition, the study foods were distributed to the study subjects in one plain
aluminum bag per grain to ensure blinding to the study subjects and intervention
providers.

The sample size was calculated based on a report that showed that the intake of
the food material plasmalogene maintained memory function in healthy adult men
and women with an MMSE-] score of 24 or higher [31]. The target number of pa-
tients in this study was set at 40 per group (80 patients in total) based on the effect
size calculated at the change from baseline at week 12 of Cognitrax “Visual Memory”
intake at the two-sided 5% significance level to achieve 80% power. In addition,
the study subjects were advised not to use supplements or health foods (including
food for specified health uses, functional foods, and nutritional supplements such
as amino acids and protein), to lead the same lifestyle as before the study, and not
to drink alcohol excessively during the study period.

In addition, precautions were explained, such as avoiding alcohol consumption
starting the day before all tests, going to bed early and not staying up late on the
day before all tests, and not smoking on the day of all tests from the time of waking
up until the end of the test. In addition, the study subjects were to use medicines
only with the permission of the principal investigator or a research assistant, except

in cases of emergency.

2.3. Intake of Study Food

During the intake period, the study food was consumed as an intervention. The

active food was a mixture of ManNAc, reduced maltose, cellulose, calcium stearate,
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silicon dioxide, and a tableted food. For the placebo food, ManNAc in the active
food was replaced with reduced maltose and calcium stearate, and the amounts
of the mixture were adjusted so that the placebo food was indistinguishable from
the active food in appearance. The daily intake of both the active and placebo foods
was designed at 250 mg x 1 tablet. During the intake period, the study subjects con-
sumed one sachet (one grain) of the study food (active food for the active group and
placebo food for the placebo group) once a day with water or lukewarm water.

The caloric and nutrient values per daily intake of the study foods are shown in

Table 1. The amount of ManNAc in the active food was 8.8 mg per daily intake.

Table 1. Analysis of nutrient composition values of study food.

Table column subhead Placebo Active
Energy (kcal)* 1.0 1.0
Protein (g)° 0.0 0.0
Fat (g) 0.0 0.0
Carbohydrate (g) 0.2 0.2
Salt equivalent (g) 0.000 0.000

*Calorie conversion factor: protein, 4; fat, 9; carbohydrate, 4. ®Nitrogen-to-protein conver-
sion factor: 6.25.

2.4. Evaluation Items

The primary outcome was the Cognitrax score, which assesses cognitive function,
and the secondary outcome was the POMS2 (shortened version), which assesses
psychological function. These were assessed twice, before and 12 weeks after in-
take.

The Cognitrax test, which assesses cognitive function, is a computer-based cog-
nitive function test developed as a Japanese version of CNS Vital Signs and consists
of nine tests: a verbal memory test, a visual memory test, a finger-tapping test, the
Symbol Digit Coding test, the Stroop test, an attention shift test, a sustained pro-

cessing test, a logical thinking test, and a four-part sustained processing test [32].

» <«

The nine tests determined scores for the “Neurocognitive Index”, “Composite

» «

Memory”,

» <« » «

Verbal Memory”, “Visual Memory”, “Psychomotor Speed”, “Reaction

» <« » o«

Time”, “Complex Attention”, “Cognitive Flexibility”, “Processing Speed”, “Execu-
tive Function”, “Reasoning”, “Working Memory”, “Sustained Attention”, “Simple
Attention”, and “Motor Speed”. All tests and domain scores were assessed with
standardized scores converted to a standard deviation of 15, with a mean value of
100 for the same age group.

The POMS2 was assessed as a measure of a wide range of psychological func-

tions [33]. Using the Japanese version of the abbreviated version of the POMS2

» «

for adults, the seven scales of “Anger-Hostility”, “Confusion-Bewilderment”, “De-

» «

pression-Dejection”, “Fatigue-Inertia”, “Tension-Anxiety”, “Vigor-Activity”, and

“Friendliness” and the Total Mood State were assessed using scores (T-scores)
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standardized by age and gender, with a mean value of 50.

There were no changes in outcomes after the study began. In addition, the
MMSE-]J, which consists of a series of questions and tasks divided into 11 catego-
ries, including disorientation and memory, attention, and calculation, was ad-
ministered during screening to allow doctors to exclude those with possible de-
mentia.

The study subjects were given a food diary and a research logbook and asked to
complete them daily throughout the intake period, beginning one week prior to the
start of intake. The survey items included: 1) the intake of study foods, 2) the pres-
ence or absence of physical changes, 3) bedtime, 4) the presence or absence of changes
in living conditions, 5) the use of medicines (medicines excluding nutritional drinks,
new designated quasi-drugs, and new-range quasi-drugs), 6) the presence and fre-
quency of exercise at sports clubs and at home, and 7) dietary contents (ie., the con-
tents of meals (including meals, snacks, banned foods, supplements, health food

supplements, drinks, alcohol, etc.)).

2.5. Statistical Analysis

The population analyzed was a per-protocol set (PPS). A repeated measures anal-
ysis of variance was performed to identify group and time point interactions. Group
comparisons were also made by means of a t-test with no correspondence per test
for the actual measured values and the change from before intake. Both tests were
two-tailed with a significance level of 5%. Statistical analyses were performed using
IBM SPSS Statistics 28. Study subject backgrounds are presented as the mean +
standard deviation, and other data as the mean + standard error. No adjustments

were made for multiple testing across multiple items and time points.

3. Results
3.1. Analysis Subjects

The number of subjects included in the study was 80 (31 males and 49 females).
The study was initiated with 80 subjects with no drop-outs after randomization,
and the allocated intervention was implemented for 40 subjects in each group.
During the study period, one subject (male) in the active group and one subject
(male) in the placebo group met the discontinuation criteria because the principal
investigator considered it difficult for the subject to continue the study due to sub-
jective symptoms. One subject (male) in the active group and one subject (male)
in the placebo group dropped out due to withdrawal for reasons not related to
the study food. At the end of the study, the number of study subjects was 76. In
addition, five study subjects were found to meet the rejection criteria after comple-
tion of the study, so 71 subjects (men: 24, women: 47) were included in the anal-
ysis. The reason for the rejection criteria was that the precautions taken during the
study period were found to have been violated (two subjects in the active group
and three subjects in the placebo group). The analyses were performed as per the

original allocation for each group.
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The period from recruitment to the end of the follow-up for the study subjects

was July 2023 to December 2023, and the study was terminated when all subjects

had completed the follow-up. Table 2 shows the background of the study subjects

for the analysis in this study, and Figure 1 shows a flowchart of the process from

inclusion to analysis.

Table 2. Subject characteristics.

Placebo Active

(n=35) (n =36)
Age (years) 574 %63 572+ 6.4

Sex (male/female) 12/23 12/24
Height (cm) 161.6 +7.6 160.9 + 8.3
Weight (kg) 57.5+12.6 55.0 + 10.0
BMI (kg/m?) 218+35 21.1+25
MMSE-] 28.6 + 1.6 28.6+1.1
Visual Memory in Cognitrax 92.8 £10.2 92.9+10.3

Values are expressed as means + SDs. No significant difference was observed.

Assessed for eligibility

8 Excluded (n = 150)
% Ineligible (n = 56)
[g Other reason (n = 94)
Randomised (n = 80)

Placebo group Active group
é Allocated to Placebo group (n = 40) Allocated to Active group (n = 40)
§ Received allocated intervention (n = 40) Received allocated intervention (n = 40)
i‘ Not received allocated intervention (n = 0) Not received allocated intervention (n = 0)
% Discontinued intervention (n = 2) Discontinued intervention (n = 2)
E - Criteria for discontinuance (1 = 1) - Criteria for discontinuance (n = 1)
E - Withdrawal for reasons tmrelated to research food (n =1 - Withdrawal for reasons urelated to research food (n = 1)
2 Analysed (n = 35) Analysed (n=36)
%‘ Excluded from analysis (n = 3) Excluided from analysis (n = 2)
E - Violations of precautions during the examination (n =3 - Violations of precautions during the examination (n = 2)

Figure 1. Flow diagram of progress through phases of a randomized, double-blind, placebo-controlled, parallel-group study.

3.2. Analysis Results

The results of the analysis of the Cognitrax test, which assesses cognitive function,
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are shown in Table 3. Interaction effects were observed for “Neurocognitive In-
dex”, “Psychomotor Speed”, “Reaction Time”, “Cognitive Flexibility”, “Executive
Function”, and “Motor Speed”. A comparison of the measured values of each test
and the amount of change from before intake for each test between the groups
showed significant differences in the measured values of the “Neurocognitive In-
dex” and “Psychomotor Speed” after 12 weeks of intake (“Neurocognitive Index”
P =0.011, “Psychomotor Speed” P = 0.039). Significant differences were also found
in the changes in the “Neurocognitive Index” (P = 0.015), “Psychomotor Speed”
(P =0.048), “Reaction Time” (P = 0.002), “Cognitive Flexibility” (P = 0.021), “Ex-
ecutive Function” (P = 0.017), and “Motor Speed” (P = 0.021) after 12 weeks of
intake.

Table 3. Post-intervention changes in each cognitive function parameter.

P-value (Interactions

Domain Group Baseline 12 Weeks between Groups and
Time Points)
Placebo Measured 98.8+14 101.8 £1.4
Neurocognitive (n=35)  Changes from baseline 3.0£1.4 D 0015
Index (NCI) Active Measured 973+21 1065+ L1* '
(n=36) Changes from baseline 9.1 £2.0%
Placebo Measured 89.9 £2.7 98.7 £2.9
Composite (n=35)  Changes from baseline 8.8+27 P = 0.810
Memory Active Measured 92.5+2.9 1023 +2.7 '
(n=36)  Changes from baseline 9.8+2.9
Placebo Measured 91.6 £3.5 98.9 2.7
(n=35)  Changes from baseline 73+29
Verbal Memory P =0.923
Active Measured 95.6 £3.2 103.3 £ 2.6
(n=36)  Changes from baseline 7.7 £3.1
Placebo Measured 928 £ 1.7 99.3+3.0
(n=35)  Changes from baseline 6.5%3.1
Visual Memory P=0.725
Active Measured 929+1.7 100.7 £2.3
(n=36)  Changes from baseline 7.8+2.3
Placebo Measured 103.2+1.7 106.8 + 1.7
Psychomotor (n=35)  Changes from baseline 35£1.5 P = 0.048
Speed Active Measured 103.4 +2.4 112.1 +1.9% .
(n =36) Changes from baseline 8.8 +2.1*
Placebo Measured 94.4+2.1 95.6 £2.1
(n=35)  Changes from baseline 1.3+15
Reaction Time P =0.002
Active Measured 86.3 £ 4.0 100.1 + 1.4
(n=36) Changes from baseline 13.8 + 3.6%*
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Continued
Placebo Measured 106.4 +2.4 107.1+2.5
Complex (n=35)  Changes from baseline 0.6 +2.7 P - 0208
Attention Active Measured 1061 +24  1112%1.1 '
(n=36)  Changes from baseline 51+2.3
Placebo Measured 100.2 £ 2.1 101.1 £2.7
Cognitive (n=35)  Changes from baseline 0.9+2.4 b 0,021
Flexibility Active Measured 983+ 2.8 107.1 + 1.6 '
(n=36)  Changes from baseline 8.8 £2.3*
Placebo Measured 111.1+1.9 1147 + 1.8
(n=35)  Changes from baseline 3.7+19
Processing Speed P=0.228
Active Measured 111.8 £2.0 118.9+2.0
(n=36)  Changes from baseline 72=+21
Placebo Measured 100.1 £2.1 100.9 +£2.8
Executive (n=35)  Changes from baseline 07+24 P — 0,017
Function Active Measured 97.9+2.38 106.9 + 1.6 '
(n=36)  Changes from baseline 8.9 +2.3*
Placebo Measured 955+2.6 99.3+£2.7
(n=35)  Changes from baseline 3.8+3.0
Reasoning P =0.580
Active Measured 97.1+25 98.6 +2.8
(n=36)  Changes from baseline 1.5+2.38
Placebo Measured 103.6 +2.3 105.0 +2.4
(n=35)  Changes from baseline 1.4+2.0
Working Memory P =0.997
Active Measured 102.7 + 1.6 104.1 +2.3
(n=36)  Changes from baseline 14 +2.1
Placebo Measured 105.6 £ 1.6 108.1 £ 1.6
Sustained (n=35)  Changes from baseline 25%13 P = 0,676
Attention Active Measured 106.4 + 1.5 107.9 + 1.8 .
(n=36)  Changes from baseline 1.6+1.8
Placebo Measured 100.0 +3.4 1042 + 1.1
(n=35)  Changes from baseline 42+37
Simple Attention P=0.971
Active Measured 101.7 £3.0 106.1 £0.9
(n=36)  Changes from baseline 43+24
Placebo Measured 97.4+2.1 99.2+£2.0
(n=35)  Changes from baseline 1.7+1.3
Motor Speed P =0.021
Active Measured 97.5+2.4 104.6 = 1.9
(n=36)  Changes from baseline 7.0 +1.8%

Values are expressed as means *+ SEs. *Significantly different from the placebo group (P < 0.05). **Significantly different
from the placebo group (P < 0.01).
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Table 4. Post-intervention changes in each psychological function parameter.

P-value (Interactions
Domain Group Baseline 12 Weeks between Groups and
Time Points)

Placebo Measured 43.5%0.8 434 %09
(n'=35)  Changes from baseline -0.1+0.8
g
Anger-Hostility P =0.229
Active Measured 459+ 1.0 472+ 1.3%
(n=36)  Changes from baseline 1.3+£0.9
g
Placebo Measured 43.7£0.9 439+1.0
Confusion- (n=35) Changes from baseline 0.1+0.8
. P =0.695
Bewilderment . Measured 459+1.2 455+ 1.4
(n=36)  Changes from baseline -04+1.1
g
Placebo Measured 44.6 £ 0.7 453 +1.2
Depression- (n=35) Changes from baseline 0.7%1.0
c P=0.813
Dejection Active Measured 457+ 0.9 46.1% 1.2
= anges from baseline 4+1
(n=36)  Changes from baseli 04+1.1
Placebo Measured 43.4+0.9 43.0+1.2
= anges from baseline -04+1.
(n'=35)  Changes from baseli 04+1.1
Fatigue-Inertia P=0.679
Active Measured 45913 46.1+14
= anges from baseline 3+l
(n=36)  Changes from baseli 03+1.2
Placebo Measured 433£0.9 424+1.0
= anges from baseline -0.9 0.
(n=35)  Changes from baseli 0.9+0.8
Tension-Anxiety P =0.561
Active Measured 454+ 1.1 453+1.3
= anges from baseline -0.1+1.
(n=36)  Changes from baseli 0.1+1.2
Placebo Measured 489+ 1.6 49.0+1.6
= anges from baseline d1+1
(n=35)  Changes from baseli 0.1+1.1
Vigor-Activity P =0.049
Active Measured 50.1+14 53.6+1.8
= anges from baseline S5+1
(n'=36)  Changes from baseli 3.5+1.3*
Placebo Measured 529+17 512+1.6
(n=35)  Changes from baseline -1.7£0.9
g
Friendliness P =0.002
Active Measured 495+ 1.7 52.7+2.0
(n=36)  Changes from baseline 3.2+£1.2%
g
Placebo Measured 43.6£0.8 43411
(n'=35)  Changes from baseline -0.2+0.8
g
Total Mood State P =0.784
Active Measured 456 £ 1.0 451+ 14
(n=36)  Changes from baseline -06+1.1
g

Values are expressed as means * SEs. *Significantly different from the placebo group (P < 0.05). **Significantly different
from the placebo group (P < 0.01).
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The results of the T-score analysis for each scale of the POMS2 (short version)
assessing psychological function are shown in Table 4. Interaction effects were
found for “Vigor-Activity” and “Friendliness”. A between-group comparison of the
measured values of each test and the change from before intake showed significant
differences in the changes in “Vigor-Activity” (P = 0.049) and “Friendliness” (P =
0.002) after 12 weeks of intake.

3.3. Adverse Events

Adverse events that occurred during the study period included colds, headaches,
and back pain in the placebo group, as well as dizziness, dry eyes, and colds in the
active group, with similar frequency of occurrence. All confirmed events were ruled

out as causally related to the study foods by the investigators.

4. Discussion

We conducted a randomized, double-blind, placebo-controlled, parallel-group
study to examine the effects of the consumption of foods containing ManNAc on
cognitive and psychological function in healthy adult men and women aged 40
years or older and younger than 80 years, who were aware of forgetfulness and felt
temporarily depressed in daily life. The results show that there were significant
differences in the amount of change from before intake in the “Neurocognitive
Index”, “Psychomotor Speed”, “Reaction Time”, “Cognitive Flexibility”, “Execu-
tive Function”, and “Motor Speed” factors in the cognitive function test (Cogni-
trax). Additionally, the active group showed higher values than the placebo group.
In the psychological function test (POMS2), significant differences were observed
in the amount of change from before intake in “Vigor-Activity” and “Friendliness”,
with the active group showing higher values than the placebo group. Higher values

» « » «

for the “Neurocognitive Index”, “Psychomotor Speed”, “Reaction Time”, “Cogni-
tive Flexibility”, “Executive Function”, and “Motor Speed” of the Cognitrax test
and “Vigor-Activity” and “Friendliness” of POMS?2 are considered to indicate a
better condition.

The Cognitrax “Neurocognitive Index” test, which showed significant improve-
ment in this study, is calculated by averaging the domain scores for “Composite

» <«

Memory”,

» o«

Psychomotor Speed”, “Reaction Time”, “Complex Attention”, and
“Cognitive Flexibility”. It is used to assess an individual’s overall neurocognitive
status. Therefore, the improvement in the “Neurocognitive Index” observed with
ManNAc intake is considered to indicate an improvement in overall cognitive
function. Furthermore, ManNAc intake significantly improved the domain scores
for “Psychomotor Speed”, “Reaction Time”, “Cognitive Flexibility”, “Executive
Function”, and “Motor Speed”. “Psychomotor Speed” reflects how well an indi-
vidual perceives, attends to, and reacts to visual perceptual information and ex-
ecutes motor speed and fine motor coordination [34]. “Motor Speed” is a part of
“Psychomotor Speed”. Reduced psychomotor speed in older adults is associated

with an increased risk of developing brain diseases, such as dementia [35]. “Reac-

DOI: 10.4236/fns.2025.169068

1211 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2025.169068

Y. Hirashima et al.

tion Time” reflects how quickly subjects can respond to instructions that increase
in complexity, and is also considered to be an indicator of information processing
speed [32] [34]. “Cognitive Flexibility” refers to the ability to respond to and pro-
cess changes in instructions, while “Executive Function” refers to the ability to
make quick decisions based on an understanding of background rules and con-
cepts. Age-related decline in information processing speed is associated with the
progression from MCI to dementia [36] [37], and declines in cognitive flexibility
and executive function are considered hallmarks of MCI [38]. Therefore, the fact
that ManNAc intake was found to improve “Psychomotor Speed”, “Reaction Time”,
“Cognitive Flexibility”, “Executive Function”, and “Motor Speed” may be bene-
ficial for the transition from healthy to MCI or for arresting the progression from
MCI to dementia.

The POMS2 “Vigor-Activity”, which showed significant improvement in this
study, reflects high levels of energy, dynamism, and vitality, while “Friendliness”
assesses positive feelings toward others and positive interpersonal orientation. Ag-
ing is associated with cognitive decline, mood swings, and adverse effects on social
activities, such as interpersonal relationships, which are known to be problematic
as mental and social frailty [8] [9]. The fact that the intake of ManNAc improved
cognitive function and significantly improved two items of the POMS?2 scale, “Vigor-
Activity” and “Friendliness”, which evaluate vitality, positive emotions, and hu-
man relationships, indicates that it is beneficial for improving mental and social
frailty in middle-aged and older people.

The mechanism by which ManNAc improves cognitive and psychological func-
tion may be the direct action of ManNAc on brain neurons. ManNAc taken orally
is absorbed through the small intestine, enters the bloodstream, passes through the
blood-brain barrier, and reaches the brain [24] [39]. Furthermore, the addition of
ManNAc to human iPS cells induces the generation of orexin neurons. ManNAc
has also been reported to have effects under the conditions of orexin gene expres-
sion silencing in orexin neurons [26]. Furthermore, it has been reported that the
number of orexin neurons in the hypothalamus increases in aged mice after oral
administration of ManNAc [27]. These findings suggest that orally ingested Man-
NAc acts directly on the brain neurons and promotes the generation or reactiva-
tion of orexin neurons. Orexin is produced in the hypothalamus, and orexin re-
ceptors are distributed over a wide area of the brain, including the prefrontal cor-
tex and amygdala [13] [17]. The prefrontal cortex is associated with higher cogni-
tive functions, such as cognitive flexibility and executive function, while the amyg-
dala is a region associated with psychological function, such as anxiety [40]-[43].
Therefore, the effects on overall cognitive function and multiple cognitive do-
mains, as well as positive mood states, identified in this study may reflect orexin-
mediated effects on a broad range of brain regions. The number of orexin neurons
decreases with age in humans [21]. It has also been reported that the concentra-
tion of orexin in the cerebral spinal fluid decreases in Alzheimer’s disease patients
as their cognitive function declines [22]. Additionally, the concentration of orexin

in the cerebral spinal fluid is lower in depressed patients than in healthy controls,
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suggesting that there is a relationship between reduced cognitive and psychologi-
cal function and reduced orexin levels [23]. Therefore, the improvement in cog-
nitive and psychological function in middle-aged and older adults with ManNAc
intake may be due to an increase in orexin levels via an increase or reactivation in
orexin neurons, which decrease with aging.

In this study, the safety of ManNAc was also confirmed. As a result, no adverse
events attributable to the intake of foods containing ManNAc were observed, sug-
gesting that there are no safety issues with the long-term intake of foods contain-
ing ManNAc.

However, several research limitations exist in this study. The duration of inter-
vention in this study was only 12 weeks, meaning that long-term effects were not
considered. In terms of dementia and mental and social frailty prevention, it is
necessary to examine whether the intervention effects on cognitive and psycho-
logical function persist over time. It is also not clear whether the intervention effects
persist after intake is discontinued. Future research should examine the effects of
ManNAc on cognitive and psychological function over a longer intervention period

to confirm the effects.

5. Conclusion

This is the first randomized controlled trial to demonstrate the efficacy of Man-
NAc on cognitive and psychological function in middle-aged or older healthy adults.
The subjects who consumed ManNAc for 12 weeks showed significant improve-
ments in the “Neurocognitive Index”, which assesses overall cognitive function,
in addition to “Psychomotor Speed”, “Reaction Time”, “Cognitive Flexibility”,
“Executive Function”, and “Motor Speed”. Furthermore, the “Vigor-Activity” and
“Friendliness” factors, which measure positive mood, improved significantly. For
middle-aged and older adults who need to cope not only with age-related cogni-
tive decline but also with the associated mental and social frailty, maintaining
quality of life through easily accessible methods, such as dietary supplements, may

be useful.
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