Clinical benefits of antioxidative supplement Twendee X
for mild cognitive impairment
: a multicenter, randomized, double-blind, and placebo-
controlled prospective interventional study
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ABSTRACT

Oxidative stress involves in a whole pathological process of the development of Alzheimer’s
disease (AD) including mild cognitive impairment (MCI) stage. Twendee X (TwX) is a strong
antioxidative mix supplement containing 8 antioxidants, which showed a clinical and pathological
benefit in AD model mice. Here we conducted a multicenter, randomized, double-blind, and
placebo-controlled prospective interventional study to evaluate the efficacy of TwX on MCI subjects.
The primary outcomes were the differences of the mini-mental state examination (MMSE) and
Hasegawa dementia scale-revised (HDS-R) score changes from baseline at 6 month between placebo
and TwX groups. 78 MCI subjects underwent randomization for 37 to placebo and 41 to TwX. TwX
showed a significant difference of MMSE at 6M compared with placebo (p = 0.018), and also a
significant improvement of HDS-R score from baseline at 6 M (p = 0.025). TwX showed no effect
on affective and ADL scores at 6 M. The present study revealed the clinical benefits of strong
antioxidative supplement TwX for cognitive functions of MCI subjects.
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INTRODUCTION
Dementia is a serious growing problem all over the world, and Alzheimer’s disease (AD) is the
most common cause of dementia. Although there is a great demand for effective interventions to

prevent dementia, any drugs or supplement therapies have not been established.
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Oxidative stress contributes to the development of AD through mitochondrial dysfunction[1],
neuroinflammation[2], lipid peroxidation[3], and other mechanisms[4, 5] from prodromal stage,
namely mild cognitive impairment (MCI)[6]. Therefore, antioxidant therapy is a potential
intervention for preventing AD.

Twendee X (TwX) is a patented supplement containing 8 antioxidants. We have reported the
clinical and pathological benefits of TwX in animal models of AD and ischemic stroke through
strong antioxidant effects[7, 8]. Here, we carried out a clinical trial to evaluate the efficacy of TwX
for cognitive functions of MCI subjects.
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MATERIALS AND METHODS
Participants
The present study included native Japanese participants with cognitive impairment

(mini-mental state examination (MMSE) score > 24 and clinical dementia rating (CDR) score[9] =
0.5), aged from 65 to 85. Patients with neurodegenerative diseases such as Parkinson’s disease,
dementia with Lewy bodies (DLB), fronto-temporal lobar degeneration (FTLD), progressive
supranuclear palsy (PSP), corticobasal degeneration (CBD), and multiple system atrophy (MSA),
cognitive declines due to hypothyroidism, vitamin deficiency, idiopathic normal pressure
hydrocephalus (iNPH), head trauma, epilepsy, encephalitis, and meningitis, past history of
psychiatric disorders including schizophrenia, depression, alcoholism, and drug addiction, and stroke
within 3 months (M), diabetes mellitus with HbAlc > 8.0, and metabolic syndrome diagnosed by the
Japanese criteria[10] were excluded. Subjects taking anti-dementia drugs or any supplements were
excluded. All participants gave written informed consent.
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Study supplement

TIMA Japan Corporation (Osaka, Japan) provided the study supplement, TwX; a tablet
containing coenzyme Q10 (10 mg), niacin amid (2 mg), L-cystine (50 mg), ascorbic acid (94 mg),
succinic acid (10 mg), fumaric acid (10 mg), L-glutamine (85 mg), and riboflavin (4 mg).
Participants orally took placebo or TwX once a day more than 20 min before breakfast every day.
Daily tablet dose was determined depending on the body weight (BW) of the subjects; 2 tablets for
BW less than 40 kg, 3 tablets for BW between 40 and 60 kg, and 4 tablets for BW more than 60 kg.
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Study design

The present study was a multicenter, randomized, double-blind, and placebo-controlled
prospective interventional study. 17 medical institutions in Japan were registered in the study, and
the study duration was originally planned from June 2017 to March 2024. An institutional review
board at each institution or the representative institution approved the study protocol. The study was
registered in the University Hospital Medical Information Network Clinical Trials Registry
(UMIN-CTR) with a registration number UMIN000026268.

The study period was originally designed for 12 M. After checking eligibility, participants were
randomized to placebo or TwX group with a stratification by age and sex. Subjects visited hospital
once in 3 M, and received medical examination including cognitive and blood tests to monitor

adverse events.
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Study outcomes

The primary outcomes were the differences of the mini-mental state examination (MMSE)[11]
and Hasegawa dementia scale-revised (HDS-R)[12] score changes from baseline at 6 and 12 M
between placebo and TwX groups, indicating the differences of cognitive functional changes.

The secondary outcomes were the differences of geriatric depression scale (GDS)[13], apathy
scale (AS)[14], Abe’s behavioral and psychological symptoms of dementia (BPSD) score (ABS)[15],
and Alzheimer’s disease cooperative study-activities of daily living inventory (ADCS-ADL)[16]
score changes from baseline at 6 and 12 M between placebo and TwX groups, indicating the
differences of affective functional and activity of daily living changes.
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Statistical analysis

According to our previous report[17], we estimated MMSE score at 12 M of 26.5 in placebo
group and 28.0 in TwX group with standard deviation of 4.0. Then, we originally calculated that 200
participants for each group would be needed to provide 80 % statistical power.

The analyses for primary and secondary outcomes were based on per-protocol population after
excluding discontinuation and trial termination (Fig. 1). Analysis of covariance (ANCOVA) was

performed to evaluate the difference of score changes between placebo and TwX groups, with the
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baseline MMSE score as covariate. Friedman test and Wilcoxon signed rank test were performed to
assess the score changes from baseline. Baseline characteristics of each group was evaluated by
using Student’s t-test for continuous and normally distributed data, Mann-Whitney U test for
continuous and not normally distributed data, and Pearson’s chi square test for categorical data. A
two-sided level of significance of 5 % was chosen for interpretation.

All of the statistical analyses were performed using a statistical software (SPSS 22.0.0.0; IBM,
Armonk, New York, USA).
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TRCOMEEHEIT I Y 7 b7 = 7 2w CEE S #2172 (SPSS 22.0.0.0; IBM,
Armonk, New York, USA).

RESULTS
Subject characteristics

78 MCI subjects underwent randomization for 37 to placebo and 41 to TwX (Fig. 1). The
number was smaller than that of original plan owing to the premature trial termination caused by the
Governmental Clinical Trials Act enforced in Japan on April 2018 requiring unacceptable
modification of the study. At the time of trial termination (March 2019), 59 subjects (27 in placebo
and 32 in TwX groups) reached the evaluation at 6 M (Fig. 1). In each group, 7 subjects discontinued
for reasons other than study termination by 6 M. Because of the above legal change, outcomes were
analyzed only at 6 M.

Baseline characteristics of subjects who reached the evaluation at 6 M were summarized in
Table 1. Between both groups, there was no significant difference in demographic characteristics
(sex and age), baseline cognitive (MMSE and HDS-R), affective (GDS, AS and ABS) and
ADCS-ADL scores. Although GDS (3.4 £ 2.8 in placebo and 4.4 + 4.0 in TwX group) and AS (11.3

+ 5.9 in placebo and 10.3 £ 6.9 in TwX group) were slightly elevated in both groups, those scores
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did not reach the criteria for depressive nor apathic states (GDS > 5[13], AS > 14[14]). In the
complications of present subjects, hypertension was the most frequent (48.1 % in placebo and
25.0 % in TwX groups), followed by dyslipidemia, and diabetes mellitus (3.7 % in placebo and
18.8 % in TwX groups), but ischemic heart disease was rare (Table 1). There was no significant
difference in the prevalence of hypertension, diabetes mellitus, and ischemic heart disease, except
for dyslipidemia in placebo (40.1 %) than TwX group (Table 1, 15.6 %, *p < 0.05).
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Endpoints

The results of primary and secondary endpoints at 6 M were summarized in Table 2. The
MMSE score change from baseline at 6M was -0.85 + 2.48 in placebo and 0.66 + 2.60 in TwX
groups, and the difference of MMSE score changes between both groups was significant (Table 2,
Fig. 2, ANCOVA: *p = 0.018, placebo vs TwX). The change of MMSE score from baseline to 6 M in
each group was not significant (Table 2, Wilcoxon signed rank test: p = 0.092 in placebo, p = 0.181
in TwX).

The difference of HDS-R change from baseline at 6M between both groups was not significant
(Table 2, 0.74 + 2.19 in placebo and 1.09 = 2.62 in TwX group), but only TwX group showed a
significant improvement of HDS-R from baseline to 6 M (Table 2, Fig. 2, Wilcoxon signed rank test:
#p = 0.025).



The changes of GDS, AS, ABS and ADCS-ADL scores from baseline to 6 M in each group
were not significant (Table 2). The differences between both groups were not significant in GSD, AS,
ABS, and ADCS-ADL from baseline at 6 M (Table 2, ANCOVA: p = 0.315, 0.356, 0.252, and 0.284,
respectively).
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DISCUSSION

Oxidative stress plays an important role in the pathology of MCI and early stage of AD[5, 6].
TwX is a strong antioxidative supplement containing 8 antioxidants, showing a significant
amelioration of cognitive decline, amyloid-B pathology, neuronal loss, oxidative stress, and
neuroinflammation in the AD model mice with chronic cerebral hypoperfusion and ischemic stroke
model mice[7, 8]. Thus, we first conducted the present clinical trial to examine the efficacy for
preventing cognitive declines of MCI subjects. In the present study, TwX significantly improved
MMSE score change of the MCI subjects at 6 M compared with placebo (Fig. 2, Table 2), and
HDS-R score from baseline to 6 M (Fig. 2, Table 2). On the other hand, TwX showed no effect on
affective (GDS, AS, ABS) and ADL scores (Table 2).
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Dietary supplements have been expected to reduce the risk of dementia[18, 19]. However,
systematic reviews concluded that a single supplement such as vitamin B[20-22], vitamin C[20, 22],
vitamin D[22], vitamin E[20-22], polyunsaturated fatty acid (PUFA)[21, 22], and their mixtures[20,
21, 23], lacks the evidence of effects on ameliorating cognitive declines, showing no or small benefit
[24-27]. Other promising supplements including curcumin[28-30], ferulic acid[31, 32] and
rosmarinic acid[33, 34] have yet to establish clear clinical effectiveness for preventing dementia. To
our knowledge, TwX is the first supplement that clearly improved MMSE score change of MCI
subjects in randomized placebo-controlled prospective multicenter interventional trial. Although
antioxidant vitamins C or E did not show therapeutic benefit for dementia[20-22], combined 8
different antioxidants of TwX showed stronger antioxidant and anti-inflammatory effects than single
antioxidant vitamins, which clearly improved cognitive functions of MCI subjects (Fig. 2). Stronger
antioxidant effects of TwX than vitamin C was also demonstrated in irradiated mice model[35]. On
the other hand, TwX showed no effect on affective (GDS, AS, ABS) and ADL scores (Table 2),
although oxidative stress is also associated with pathologies of affective disorders[36, 37]. One
possible reason might be that deteriorations of affective and ADL baseline scores was too mild to
show significant differences after treatments.

KEMPIBEMIIEAIEY 27 Z{ET I3 LI TEZ, L2LAaRL, VAT
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DBHIBERE X BHREICSGE L 72 (Fig2). B4 1 v C XU By TwxX OFIEELIER T~ v =
WIECET A THHEIEINT WS, —/T T, BILA b L RIE#KES OREICHEIES L T
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2)o ZOHEHD—D &L LT, EHKFADL DR—ZF 4 v 2a T OE(LIIRZEKRDEVIC
AEAZ R ICIIRE ST TR E L 6N 5,

The present study has some limitations. First, the premature trial termination due to
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Government Clinical Trials Act of Japan shortened the study period from 12 into 6 M. To evaluate
longer term effects of TwX, a further study with longer period is required. Next, only per-protocol
analysis was originally designed in this study to evaluate the treatment effect of TwX. Most of the
data of the subjects after discontinuation was missed, thus an intention-to-treat analysis was not
performed. Finally, there are some concerns about the cognitive evaluations using MMSE and
HDS-R that are not fully sensitive to detect the cognitive decline of MCIs[38, 39]. However, MMSE
and HDS-R are commonly used in both clinical settings and trials [24, 40]. Furthermore, a recent
study demonstrated that MMSE could detect the efficacy of treatment in MCI subjects, which was
more sensitive compared to ADAS-Cog [41]. Therefore, we designed to use MMSE and HDS-R as
primary endpoints in the present clinical trial for MCI subjects

In conclusion, the present study revealed the clinical benefits of TwX for cognitive functions of
MCI subjects, suggesting that the strong antioxidative therapy may be useful for MCI subject to
convert into AD.
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Table 1. Characteristics of the subjects who reached evaluation at 6 month

6 hARIRE X THE L -1KBRE DI

placebo Twendee X

(n=27) (n=32) p value

Demographic characteristics

AOSE R
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Female %%
Age (y) Fi#f (F)
Complications A HHEE
Hypertension = If1/E
Diabetes mellitus ¥R %
Dyslipidemia fJEEZ &%
Ischemic heart disease Z Ifl
EWESS
Baseline scores R—RX 74 X237
MMSE (/30)
HDS-R (/30)
GDS (/15)
AS (/42)
ABS (/44)

ADCS-ADL (/30)

44.4

76.3

48.1

3.7

40.1

3.7

27.2

25.6

3.4

11.3

2.1

26.1

I+

I+

I+

I+

I+

I+

I+

%

%

%

%

%

5.0

2.0

3.3

2.8

5.9

3.4

3.4

56.2

75.2

25.0

18.8

15.6

27.2

26.5

4.4

10.3

11

27.6

0.0

I+

I+

I+

I+

I+

I+

I+

%

%

%

%

%

4.4

2.2

2.6

4.0

6.9

1.7

3.0

0.366

0.383

0.064

0.075

0.031*

0.272

0.945

0.305

0.616

0.493

0.408

0.119

MMSE, Mini-mental state examination; HDS-R, Hasegawa dementia scale - revised,;

GDS, geriatric depression scale; AS, Apathy scale; ABS, Abe’s BPSD score; ADCS-ADL,

Alzheimer’s disease cooperative study - activities of daily living inventory.
MMSE @ 2 =X ¥ &)L R T — MM&ZE, HDS-R : RAJIXGEFIER 7 — . GDS:ELEH] 5 >
TR R, AS : 5% 227, ABS, Abe’s BPSD score; ADCS-ADL, Alzheimer’s disease

cooperative study - activities of daily living inventory.

*p < 0.05 (vs placebo)

Table 2. Cognitive and affective score changes in primary and secondary outcomes from

baseline at 6 month

6 DhAMRICHEIIZIR—RFA U HODEE - BIRFHMEEBICH T S8 - FRERX AT EH
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placebo Twendee X p value
(p value for change from (p value for change from
baseline) baseline)
R=ZZAhB5DE R=ZZAHhBHDE placebo vs
ko p & ko p & Twendee X
Primary outcomes
FEHMEER
MMSE -0.85 + 248 066 + 2.60 0.018*
(0.092) (0.181)
HDS-R 074 + 219 1.09 + 262 0.593
(0.112) (0.025#)
Secondary outcomes
B R FHEE
GDS 008 + 210 -043 + 319 0.315
(0.829) (0.554)
AS -0.38 + 5.05 093 + 596 0.356
(0.615) (0.684)
ABS -038 + 144 -0.26 + 1.10 0.252
(0.228) (0.294)
ADCS-ADL 059 + 196 -111 + 361 0.284
(0.210) (0.379)

MMSE, Mini-mental state examination; HDS-R, Hasegawa dementia scale - revised; GDS, geriatric
depression scale; AS, Apathy scale; ABS, Abe’s BPSD score; ADCS-ADL, Alzheimer’s disease
cooperative study - activities of daily living inventory.

MMSE @ 2 =X ¥ &)L R T — MM&ZE, HDS-R : RAJIXGEFAEAR 7 — v, GDS:EHEH] 5 >
TR R, AS : 2 5% 227, ABS, Abe’s BPSD score; ADCS-ADL, Alzheimer’s disease
cooperative study - activities of daily living inventory.

*p < 0.05 (vs placebo), # p < 0.05 (vs baseline)
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Fig. 1 Randomization, assignment and follow-up
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Fig. 2 MMSE and HDS-R change
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FIGURE LEGENDS

Fig. 1) Randomization, assignment and follow-up of the present trial.

Fig DAGERD 7 v 2 2L, HY L TROFBEBIE

Fig. 2) MMSE and HDS-R change in 6 M. Note the significant difference of MMSE score between

Twendee X and placebo at 6 M (*p < 0.05, left panel), and a significant improvement of

HDS-R from baseline to 6 M only in TwX group (#p < 0.05, right panel).
Fig.2)6M I ¥} 5 MMSE KX UF HDS-R D1, 6M IZ 35> T Twendee X & 7° 7 & KD MMSE

ZAATICHEBEENRDDLZ L. Z LT TWX DA M TX—2 7 4 v LKL HDS-R ICHE
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