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Obijectives: This is the first clinical trial of this type in Japan, designed to analyze two important
aspects of Alzheimer’s disease (AD) management using medium-chain triglycerides. Axona was
administered for 3 months (40 g of powder containing 20 g of caprylic triglycerides). We used
an indurating, four-step dose-titration method (from 10 to 40 g per day) for 7 days before the
trial, and examined the tolerance and adverse effects of this intervention. We also investigated
its effect on cognitive function in mild-to-moderate AD patients.

Patients and methods: This was a clinical intervention in 22 Japanese patients with spo-
radic AD at a mild-to-moderate stage (ten females, 12 males), mean age (£ standard deviation)
63.9 (£8.5) years, Mini-Mental State Examination (MMSE) score, 10-25, seven patients were
ApoE4-positive. During Axona administration, we examined changes in cognitive function by
obtaining MMSE and AD assessment-scale scores. Intolerance and serum ketone concentrations
were also examined.

Results: The tolerance of Axona was good, without severe gastrointestinal adverse effects.
Axona did not improve cognitive function in our sample of AD patients, even in those patients
without the ApoE4 allele. However, some ApoE4-negative patients with baseline MMSE score
=14 showed improvement in their cognitive functions.

Conclusion: The modified dose-titration method, starting with a low dose of Axona, decreased
gastrointestinal adverse effects in Japanese patients. Axona might be effective for some relatively
mildly affected patients with AD (with cognitive function MMSE score of =14 and lacking
the ApoE4 allele).

Keywords: Alzheimer’s disease, medium-chain triglycerides, ketone, cognitive function,
apolipoprotein E epsilon 4

Introduction

Alzheimer’s disease (AD) is a multifactorial disease, and its development is associated
with accumulation of multiple risk factors, such as genetic, nutritional, and lifestyle
factors and physical health status.'? Elimination of these risk factors might help to
prevent the onset and progression of AD. Ingesting such food-containing substances
as omega-3 fatty acids, medium-chain triglycerides (MCTs), polyphenol, curcumin,
antioxidants, or vitamin B, might be beneficial **

Three types of medical foods potentially benefiting the pathophysiology and
symptoms of AD have been marketed in the US and Europe: Axona®,’” Souvenaid®,!
and CerefolinNAC®." Axona is a medical food containing ingredients potentially active
against AD. MCTs, particularly caprylic acid (C,) (40 g of Axona contains 20 g of C,),

submit your manuscript
Dove

http:

Clinical Interventions in Aging 2016:11 29-36 29
© 2016 Ohnuma et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution — Non Commercial (unported, v3.0)
Al License. The full terms of the License are available at http://creati fl /by-nc/3.0/. Non- ial uses of the work are permitted without any further

permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on
how to request permission may be found at: http://www.dovepress.com/permissions.php



http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/CIA.S95362
mailto:otoru@juntendo.ac.jp

Ohnuma et al

Dove

are metabolized to ketone bodies (eg, B-hydroxybutyrate).
Ketones, similar to glucose, are an energy source for the
neurons. Therefore, the administration of Axona as medical
food might be one of the alternative strategies, replacing
glucose as an energy source. Reduced cerebral glucose
utilization is one of the pathophysiological factors in
AD." A decrease in glucose utilization has been shown in
patients with AD, particularly in those with a genetic risk
factor — the ApoE4 allele.’*!> Administration of Axona to
patients without ApoE4 in the mild-to-moderate stages of AD
and/or memory-impaired patients results in improvements
in cognitive function.”*!%!7 A large study of 152 patients
with mild-to-moderate AD has shown such improvements.
In that study, the patients were divided into four groups:
those with and those without the ApoE4 allele and tak-
ing Axona (with an intake rate over 80%) or placebo. The
patients without ApoE4, with an intake rate of Axona for
more than 80% per day, showed the largest improvement in
their cognitive function (over 5 points) in comparison with
similar patients taking placebo. Two weeks after Axona was
stopped, cognitive scores began to decrease in these patients.
This phenomenon was likely caused by the ketones derived
from the MCT in Axona. These ketones might provide the
necessary daily energy for the neurons.' However, the high
content of MCT in Axona is associated with relatively high
frequencies of gastrointestinal intolerance, such as diarrhea
(24.4%)), bloating (17.4%), and indigestion (9.3%).!° Because
the Japanese diet differs from the typical Western diet, it
is important to investigate gastrointestinal intolerance in
Japanese patients. The Japanese are not normally exposed
to a high-fat diet; therefore, administration of Axona often
causes diarrhea.

The objectives of the present study were to investigate
tolerance of the usual dose of Axona and its effect on cognitive
function in Japanese patients with mild-to-moderate AD.

Patients and methods
Study participants

Japanese patients in mild-to-moderate stage of sporadic AD
were enrolled at the Department of Psychiatry, Juntendo
University Hospital, Tokyo, Japan. The severity of AD
was estimated by the Mini-Mental State Examination
(MMSE),'® and scores from 10 to 26 were obtained. All
the AD cases were diagnosed according to the National
Institute of Neurological and Communicative Disorders
and Stroke—Alzheimer’s Disease and Related Disorders
Association criteria,'” and none had a familial history of AD.
None of the patients was diagnosed with mixed, atypical, or
other types of dementia. Exclusion criteria for the present

study were 1) severe diabetes mellitus or ketoacidosis and
2) diarrhea before taking Axona.

Written informed consent was obtained from all partici-
pants after the procedures had been fully explained to each
patient and his or her family. The study was carried out in
compliance with the World Medical Association’s Declaration
of Helsinki, and was approved by the ethics committee of
Juntendo Hospital (25577) and the ethics committee of
Juntendo University School of Medicine (22042).

Study design

The study was a prospective, open-label, observational study
to examine the effects of 90-day administration of Axona
in patients with AD. The subjects were allowed to continue
Axona use for an additional 90 days, on request. The trial was
registered with the number UMIN000013591 and registered
at the UMIN-CTR.

Administration of Axona

Considering the high frequency of diarrhea reported previously,'
we used a four-step dose-titration method recommended by
Accera Inc: the “Axona Graduated Dosing Plan” (Table S1).
This procedure was designed to accustom the patients to Axona.
Instead of starting with 40 g Axona per day (20 g of C), the
initial daily dose was 10 g for 2 days. It was then increased to
20 g daily for 2 days, 30 g daily for 2 days, and finally 40 g
per day (equivalent to 5, 10, 15, and 20 g of C, respectively).
Then, the 3-month clinical trial study commenced.

Examinations

The types and timing of the physical and mental examinations
are summarized in Table S1. We examined intolerance
levels before and during Axona treatment, stool condition
graded on the Bristol scale,” and the top ten reported adverse
effects.’® Blood tests were performed to check the physical
condition of the patients before taking Axona (month 0 [MO;
baseline]) and at M1, M2, and M3. The blood tests included
a hemogram, liver function (alanine aminotransferase and
aspartate aminotransferase), renal function (creatinine and
urea nitrogen), nutrition status (glucose, glycohemoglobin
A, ., low-density lipoprotein and high-density lipoprotein,
triacylglycerol, albumin, and total protein), and electrolyte
levels (sodium, chloride, and potassium). Serum total
ketone bodies (acetoacetic acid and B-hydroxybutyric acid)
were measured using the enzyme-linked immunosorbent
assay using buffer solution and reaction reagent for total
ketone bodies (Kainos Laboratories Inc, Tokyo, Japan). The
procedure was performed according to the manufacturer’s
protocol using the BioMajesty™ system (JCA-BM8000;
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JEOL, Tokyo, Japan) at SRL Inc (Tokyo, Japan). The normal
range of acetoacetic and B-hydroxybutyric acid was <55
and <85 uM, respectively. The detailed protocol can be
provided upon request.

The effect of Axona on cognitive function was assessed
using the MMSE and Alzheimer’s Disease Assessment Scale
(ADAS) cognitive subscale, Japanese version (ADAS-ng).21

Genomic DNA was extracted from peripheral white blood
cells using a QTAamp® DNA Blood Maxi Kit (Qiagen NV,
Venlo, the Netherlands). ApoE genotypes were determined
as previously reported.?

Statistics

Differences in mean age, onset age, duration of illness, dura-
tion of untreated dementia, and cognitive function scores
were identified using the Mann—Whitney U-test. The differ-
ence between the sex ratios in healthy controls and patients
was identified using #? tests, employing SPSS version 21
(IBM, Chicago, IL, USA). The differences between the
values of AMMSE ([M3 MMSE — M0 MMSE]/M0 MMSE)
and AADAS-JCog at each time point during the study (MO,
M1, M2, and M3) were examined using Friedman’s test.
The same test was used for assessing differences between
the groups with and without the ApoE4 allele after Axona
administration. To find the confounding factors that might
affect the cognitive function test, the correlations between
cognitive function and various clinical variables were ana-
lyzed using Spearman’s correlation test.

Results

Study participants

A total of 26 patients were assessed for eligibility; from this
group, 24 patients with sporadic mild-to-moderate AD were
enrolled (13 males and eleven females), of which two patients
dropped out of the study. One patient dropped out due to the
intolerance of Axona, and the other because of a procedural

Table | Clinical data for enrolled patients

accident (small brain infarction). The remaining 22 patients
completed the study. Of the 22 enrolled subjects, six had
MMSE scores below 14 and were classified as severe-AD
cases, eight had MMSE scores between 14 and 20 and were
considered moderate-AD cases, and eight had MMSE scores
greater than 20 and were considered mild-AD cases.

Baseline clinical variables
As the basic treatment, 21 patients were given antidementia
anticholinesterase drugs: donepezil (5 or 10 mg), six patients;
rivastigmine (18 mg), five patients; and galantamine,
three patients (8, 16, and 24 mg). Among these patients, nine
were concomitantly treated with an anti-N-methyl-D-aspartate
receptor agent —memantine (5, 10, 15, and 20 mg). One patient
was treated with 10 mg of memantine only. The doses of these
antidementia medicines were fixed throughout the study.
Clinical variables of the patients are shown in Table 1.
Sex distribution, mean age, and other clinical variables,
including scores from cognitive function tests, did not differ
significantly between the patients with and without the
ApoE4 allele (Table 1).

Compliance

Compliance throughout the study was reasonably good. The
frequencies of patients with 100% intake rate of Axona were
86.4% at M1, 90.0% at M2, and 77.3% at M3. Almost all
patients (90%) showed >80% intake rate at any time point,
and no patients showed <60% intake rate. The reasons given
for the lack of compliance were forgetfulness, going out, and
inconvenience.

Adverse effects

Table 2 shows adverse events in this study. The most
common events were flatulence and abdominal pain. Diarrhea
occurred in only one patient at M3. These rates were lower
than those observed in US patients (Table S1).'¢

Variables Total patients with AD Patients with ApoE4 Patients without ApoE4 P-value
(n=22) (n=7) (n=15)
Sex, male/female 12/10 4/3 8/7 NS
Age (years) 63.948.5 (48-83) 63.6+4.0 (58-68) 64.1+10.2 (48-83) NS
Age at onset (years) 58.7+8.7 (46-79) 58.4+4.0 (54-63) 58.8+10.4 (46-79) NS
Duration of illness (years) 5.24+2.1 (1-9) 5.1+0.9 (4-7) 5.3+2.4 (1-9) NS
DUD (years) 1.9£1.6 (0-6) 1.4£1.0 (0-3) 2.3+1.7 (0-6) NS
ADAS 22.4+13.2 (6.3-55.0) 22.7+14.4 (9.3-53.0) 23.1+13.3 (6.3-55.0) NS
MMSE 18.1£5.1 (10-25) 19.1£6.0 (10-24) 17.8+4.9 (11-25) NS

Notes: Data are means * standard deviation (range). Differences in sex distribution were analyzed using ? test. Differences in other clinical valuables were compared with

Mann-Whitney U-test.

Abbreviations: AD, Alzheimer’s disease; DUD, duration of untreated dementia; ADAS, Alzheimer’s Disease Assessment Scale; MMSE, Mini-Mental State Examination; NS,

not significant.
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Table 2 Symptoms of intolerance to Axona in 24 Japanese patients

Frequency (%) US patients*
Month 1 Month2 Month3 n=86
(n=24%) (n=22) (n=22)

No adverse effects 22 (91.7) 18 (81.8) 19 (86.4)

Any adverse effects 2 (8.3) 4(18.2) 3 (13.6) 75.6%
Diarrhea 0 0 | (4.5) 24.4%
Flatulence | (4.2) | (4.5) | (4.5) 17.4%
Dyspepsia 0 2 0 9.3%
Dizziness 0 0 0 7.0%
Headache 0 0 0 5.8%
Abdominal pain | (4.2) | (4.5) | (4.5) 4.7%

Notes: *Accera November 2012 (unpublished data); **two patients dropped out
before month 2.

Physiological effects

The concentration of serum total ketone bodies (acetoacetic
acid and B-hydroxybutyric acid) at MO was 114.5£105.4 uM
(34.7£26.7 and 81.1£79.9 uM, respectively). It rapidly
increased during the 1st month (approximately threefold) to
322.61+240.2 uM (79.3148.7 and 250.0+£205.6 uM). Then,
at M2 and M3, the levels remained almost the same. The
results of blood tests did not change significantly; they were
within normal ranges.

Effects on cognitive function

To find the confounding factors that could affect the cogni-
tive function scores, the correlations between these scores
(obtained at M3) and clinical variables, such as age, duration
of illness, and serum ketone concentrations, were examined.
The results failed to show any significant correlations between
the cognitive function scores and other clinical variables
(r=—0.26 to 2.59, all P>0.05). Naturally, the MMSE and

ADAS scores showed strong significant correlations at M0
and M3 (r=—0.86 and —0.94, both P<<0.001).

As expected, changes in cognitive function, expressed
as AMMSE (M3 score — MO score]/MO score) and AADAS,
showed a significant negative correlation (r=—0.498,
P=0.019). AMMSE and AADAS scores during Axona admin-
istration are shown in Figure 1. AMMSE in both genotype
groups (ApoE4~ and ApoE4*) decreased at M2 and increased
at M3. However, these differences (in comparison with the
baseline) were not statistically significant at any time point
in either group (Figure 1A). The AADAS score showed more
improvement in the patients with the ApoE4 allele than in
those without. However, this improvement was not statisti-
cally significant either (Figure 1B).

The levels of serum total ketone bodies at M3 did not
show significant correlation with AMMSE (7=0.18, P=0.42)
or AADAS (=-0.06, P=0.81) in any of the 22 subjects, not
even in the 15 subjects without the ApoE4 allele (=—0.06,
P=0.82, and r=0.29, P=0.28, respectively).

Among the patients with baseline MMSE scores indicating
severe AD and mild-to-moderate AD, five of six (83%)
showed a decline in the MMSE during Axona treatment,
while only two of 16 (12.5%) with mild-to-moderate AD
showed such decline. Further careful investigation of data for
each patient resulted in an interesting finding. We focused on
the patients with the greatest and second-greatest increases
or decreases in AMMSE and AADAS scores (Figure 2). For
example, cases A and B in Figure 2A (without the ApoE4
allele), with baseline MMSE score of =14, increased this
score by 5 and 7 points, respectively, by M3. However, case C,
homozygous for the ApoE4 allele (baseline MMSE score
of =14), showed a decrease in MMSE score at the same time.
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Figure | Changes in cognitive functions in Japanese patients with Alzheimer’s disease taking Axona.
Notes: Data presented as means with standard deviation bars. (A) AMMSE; (B) AADAS.
Abbreviations: MMSE, Mini-Mental State Examination; ADAS, Alzheimer’s Disease Assessment Scale; M, month.
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Figure 2 The largest and second-largest increase or decline in the AMMSE (A) and AADAS (B) between M0 and M3.
Notes: Cases A and B, increase; cases C and D, decrease. Apolipoprotein E genotypes are shown in parenthesis.
Abbreviations: MMSE, Mini-Mental State Examination; ADAS, Alzheimer’s Disease Assessment Scale; M, month.

Case D, lacking the ApoE4 allele, also showed a decrease
in MMSE score by M3. However, case D started with a
baseline MMSE score <14. Four patients with the largest
(and second-largest) changes in their AADAS followed
the same trend as the patients with the largest changes in
AMMSE; AMMSE and AADAS were correlated. Two
patients with the largest and second-largest improvements
showed relatively low ADAS scores (smaller impairment
in cognitive function) at MO. Interestingly, case B was
heterozygous for the ApoE4 allele, but the ADAS score of
this case improved. The patients showing the largest and
second-largest decrease in their ADAS scores had relatively
high scores (high level of impairment) at M0 (Figure 2B);
their ADAS scores worsened, even though they did not carry
the ApoE4 allele.

Discussion

We performed the first clinical trial study in Japan inves-
tigating the adverse effects and benefits of a medical food
containing an MCT — Axona — in Japanese patients with
AD. First, we have to mention the patient who did not com-
plete the study due to a small brain infarction in the pons.
The ethics committee of Juntendo Hospital categorized this
brain infarction as a “procedural accident”. The criteria for
this decision were as follows: 1) There were no such brain
infarctions during the preliminary clinical study of MCT
and Axona among 238 enrolled patients (Table S1); 2) the
incidence of brain infarction during the 5-year postmarket-
ing surveillance for Axona was four cases in 40,000 (one of
10,000; unpublished data 2009-2013, 5 years post marketing
safety surveillance); and 3) the incidence of brain infarction

in Japanese over 40 years of age is 3.87 (male) and 2.57
(female) cases per 1,000 individuals.?* Therefore, the inci-
dence of brain infarction in patients taking Axona is lower
than in Japanese patients not taking Axona. Moreover, the
MCT usually prevents brain infarction.*

Our study demonstrated that Japanese patients with AD
could be managed with Axona without experiencing severe
gastrointestinal adverse effects. The reasons are not entirely
clear. However, it is likely that implementing the Axona
Graduated Dosing Plan (four-step dose-titration method
starting with a low dose of Axona) is largely responsible
for this result. A prior study using a two-step dose-titration
method (10 g of C, daily for 7 days and then 20 g for 90 days)
reported a high incidence of adverse abdominal effects.'® The
gradual introduction of a high-lipid diet before administering
the required daily dose of Axona seems necessary in the case
of Japanese patients.

However, Axona did not improve cognitive function
in Japanese patients with AD, even in patients without
the ApoE4 allele. The small number of patients, the major
limitation of the present study, might explain the discrepancy
between the results of our study and a previous report by
Henderson et al.'® That report investigated the effect of Axona
on 40 genotyped patients (16 ApoE4~ patients and 24 ApoE4*
patients). Only approximately half that number, 22 patients,
participated in the present study (15 ApoE4~ patients and seven
ApoE4" patients). In addition, no significant correlations were
found between serum total ketone bodies at M3 and AMMSE
and AADAS for any of 22 subjects, not even the 15 subjects
without the ApoE4 allele. This result might have also been due
to the small number of patients. Theoretically, these factors
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should be significantly correlated, as an increase in levels
of ketone bodies increases the availability of brain-energy
sources.”>* However, careful investigation of individual
patients showed some interesting features, especially when
we focused on changes in the cognitive function scores during
Axona administration. A large proportion (83%) of patients
with severe AD (baseline MMSE <14) showed a decline in
the MMSE during Axona treatment. However, only 12.5%
of mild-to-moderate patients (baseline MMSE =14) showed
such decline. Among patients with largest and second-largest
improvement or decrease in their MMSE scores, Axona did
not prevent the worsening of cognitive functions in individuals
with relatively high cognitive function at MO and a homozy-
gous ApoE4 allele. Indeed, several studies have shown a
decrease in cerebral glucose utilization, especially in carriers
of the ApoE4 allele (see the detailed review of Cunnane et
al).?’ In addition, some gene—dose effects of the ApoE4 allele
have been reported during examinations of the postmortem
brain?® and morphological features of the premorbid brain.*
Therefore, in patients less affected by the ApoE4 allele, Axona
could be used as a brain-energy source instead of glucose.
One patient heterozygous for the ApoE4 allele (case B in
Figure 2B) showed an improvement in ADAS score (—6.3);
this might also have been due to a gene—dose effect.

Axona did not affect the cognitive function of patients
lacking the ApoE4 allele with relatively low cognitive func-
tion at MO. However, Axona affected patients with mild AD.
The mean cognitive function of patients without the ApoE4
allele in this study was slightly lower than the cognitive
function of similar patients in a previous report.'® The mean
ADAS score in the present study was 23.1, and in the previ-
ous report it was 21.9. The mean MMSE score in our study
was 17.8, and in the previous report it was 20.3. This feature
of our patients might have diminished the effect of Axona.
This is a limitation demonstrating the necessity for future
studies of Axona treatment using a large number of patients,
focusing on mild-AD Japanese patients. Uncontrolled type
and dose of preceding antidementia medication might have
been another drawback of our study.

To summarize, in patients with relatively mild AD lacking
the ApoE4 allele, Axona treatment might improve cognitive
function (eg, an MMSE score of =14).

Conclusion

We found that Japanese patients with AD could be managed
with Axona without severe intolerance or gastrointestinal side
effects. The modified dose-titration method, starting with
a low dose of Axona (10 g, containing 5 g of C,), reduced

adverse effects (such as diarrhea) in Japanese patients. It was
not possible to demonstrate clearly any cognitive benefits of
Axona in a trial with a limited number of patients and without
a placebo control. Further randomized, double-blind studies
with a large number of patients, focusing on Japanese patients
with mild AD, should be performed to obtain a detailed
assessment of Axona effect.
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Supplementary material

Table S| Timing of the physical and mental examinations

Mo Mi M2 M3
Intolerance O O O O
Blood test* O O
Serum ketone bodies** O O O O
ADAS)_ o o
MMSE (@) @) O O

Notes: *Hemogram, liver function (alanine aminotransferase and aspartate aminotransferase), renal function (creatinine and urea nitrogen), nutrition status (glucose,
o low-density lipoprotein and high-density lipoprotein, triacylglycerol, albumin, and total protein), electrolytes (sodium, chloride, and potassium);
**acetoacetic acid and B-hydroxybutyric acid.

Abbreviations: M, month; ADAS, Alzheimer’s Disease Assessment Scale; MMSE, Mini-Mental State Examination; ADAS-ng, ADAS cognitive subscale, Japanese version.

glycohemoglobin A
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