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Abstract.
Background: The current lack of effective drug therapies for Alzheimer’s disease (AD) has prompted researchers to seek
alternative nutritional therapies, such as medium chain triglycerides (MCTs). However, results are inconclusive.
Objective: This systematic review and meta-analysis aims to summarize current evidence on the effect of MCT on cognitive
function in patients with mild cognitive impairment (MCI) or AD.
Methods: A systematic search was conducted up until December 16, 2022, to identify human interventions reporting the
effects of MCT on cognitive functioning of MCI or AD patients. 995 non-duplicated publications were identified, of which
nine (n = 10 studies) met the inclusion criteria.
Results: Meta-analysis showed cognitive improvements in general (SMD = 0.64; 95% CI [0.05, 1.24]), but not in memory,
language, and attention domains after oral MCT administration, compared to placebo. The effect of MCT was greater among
APOE �4 (−) subjects than APOE �4 (+) subjects (SMD = 1.87; 95% CI [0.35, 3.40]).
Conclusion: This review provides some evidence that treatment with MCT could improve general cognitive function in
APOE �4 (−) cognitive impaired patients. Better characterized clinical studies are warranted before making a definitive
conclusion on the use of MCT for MCI and AD management.
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INTRODUCTION

The global population is aging rapidly, leading to
a rise in global epidemic of age-related diseases. One
condition of great concern is dementia. Dementia is
a term that is used to describes neurocognitive condi-
tions that involve decline in cognition in one or more
cognitive domains as outlined in Diagnostic and Sta-
tistical Manual of Mental Disorders (DSM) [1]. AD
is the most common form of dementia worldwide,
and the risk increases by two times every five years
after the age of 65 [2]. One of the early symptoms
of AD is the loss of short-term memory, follow by
gradual decline in other cognitive domains leading to
the eventual loss of functional abilities in patients
[3]. Mild cognitive impairment (MCI) is a transi-
tional stage between the expected cognitive decline
that happens with age and the more serious decline
seen in AD [4]. People with MCI are at a higher
risk of developing AD or a related dementia [5]. AD
continues to be a health challenge worldwide as the
cause appears to be multifactorial, influenced by an
interplay of environmental, genetics and lifestyle fac-
tors. Most drug therapies solely provide symptomatic
relief or delay disease progression, and none has
shown to improve cognition in AD patients. Hence,
many researchers have shifted attention towards the
use of nutritional therapy such as medium chain
triglyceride (MCT).

Treatment of AD requires an understanding of the
underlying pathogenesis. It has been shown that com-
pared to a healthy brain, an AD brain has reduced
efficacy of glucose uptake and glycolysis, which are
essential to provide energy for the basic functions of
the brain [6]. This leads to a state of hypometabolism,
which results in a domino effect of an increased pro-
duction of reactive oxidative species, apoptosis of
neuronal cells and subsequent oxidative damage [7,
8]. Oxidative damage is further exacerbated by neu-
roinflammation of microglia, triggered by deposition
of extracellular amyloid-� (A�) and intracellular tau
protein [9]. The summary of these mechanisms is
shown in Fig. 1.

In the absence of glucose, ketone bodies are the
alternative energy source for the brain [10]. Ketone
bodies are able to cross the blood-brain barrier
through monocarboxylate transporters in endothe-
lial cells and astroglia [11], and provide a source
of energy for the brain cells [12]. Ketone bodies
namely �-hydroxybutyrate (�-HB), acetoacetate and
acetone [13] are normally derived from fat stores.
Some studies have shown that the overall decline of

brain energy metabolism in MCI and AD patients
is mainly due to glucose hypometabolism, while
brain ketone metabolism remains unwounded [14,
15]. Supplementation with ketone bodies can increase
brain �-HB concentrations [16].

MCTs are a source of ketone bodies and are
hydrolyzed to produce medium chain fatty acids
(MCFAs) by the enzyme lipase [17]. MCFAs are
absorbed and metabolized faster than long-chain fatty
acids [18], as it is not dependent on the transporter
protein for mitochondrial entry [19]. MCTs can be
obtained from diet or exogenous supplementation
[20]. Multiple studies have suggested that increased
ketone levels, obtained through the consumption of
MCT supplementation or coconut oil (CO), may pro-
vide an alternative energy source in AD, and alleviate
the severity of symptoms in patients [21–23].

Despite the potential benefits of MCT in patients
with AD or those at higher risk of AD (i.e., MCI indi-
viduals), the use of MCT remains controversial due
to the concern of increased cardiovascular disease
risk. MCTs are a type of saturated fat, and intakes
of saturated fats have been shown to increase total
cholesterol and LDL cholesterol levels [24]. Thus,
the potential harmful health effects on chronic con-
sumption of MCT remain a concern for its use in the
treatment of AD.

AD and associated cognitive impairment neg-
atively impact on the quality of life of afflicted
individuals, takes an emotional toll on caregivers and
increases economic burden [25]. With an increasing
AD patient population, an efficacious and safe ther-
apy for the management of AD is therefore crucial.
While clinical trials have been conducted to explore
the potential use of MCT for improvement of cogni-
tive functioning in MCI and AD patients, results have
been controversial and inconclusive. Of knowledge,
two systematic reviews have attempted to summarize
the overall effect of MCT on cognition. Avgerinos et
al. [26], with literature search up to March, 2019, con-
cluded that MCTs may improve cognition in patients
with MCI and AD. Conversely, Castro et al. [18] with
literature search up to January 2021, reported other-
wise. The discrepancy in findings could be due to
the inclusion of different studies. Moreover, previ-
ous reviews did not summarize the effect of MCT
on individual domains of cognitive function, which
have clinical importance. Therefore, the current sys-
tematic review and meta-analysis aims to provide the
most up-to-date evidence from human clinical studies
on the effect of MCT on different cognitive domains
of MCI and AD patients; and further investigate on
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Fig. 1. Mechanistic pathways contributing to the development of AD. Created with MedPeer. (http://www.medpeer.cn).

the efficacy of MCT in patients with different APOE
�4 status.

METHODS

Search strategy

Comprehensive search was conducted in PubMed,
Cochrane Library, EMBASE, Scopus, and Web of
Science. Relevant studies published up to December
16, 2022, were identified. No exclusions were made
on the language of the studies, and studies written in
other languages were translated when required. The
two key concepts of AD and MCT were searched
for using index terms and keywords. Index terms
were standardized across the databases. Medical Sub-
ject Headings (MeSH) were used in PubMed and
Cochrane Library, while MeSH terms were mapped
to Emtree in Embase. Keywords such as “demen-
tia”, “Alzheimer”, “ketone bodies”, “medium chain
triglycerides”, “coconut”, and “coconut oil” were
also included in the search strategy. Boolean oper-
ators such as ‘or’ were used to combine index terms
and keywords of the same concepts while ‘and’ was
used for different concepts. The detailed search strat-
egy can be found in Supplementary Table 1.

Study selection

Studies obtained from the electronic database
search were managed using the reference manager
EndNote. After removing duplicates, studies were
screened based on the title and abstract by two
independent reviewers (LS and KXY) to exclude
irrelevant studies. The full text of the remaining stud-
ies was obtained and further evaluated for eligibility
by the same independent reviewers. Any discrepan-
cies on the studies to be included in the review were
discussed before seeking the opinion of a third inde-
pendent reviewer (FL).

Inclusion criteria

Studies included met the inclusion criteria accord-
ing to the PICOs as follows: P: human subjects with
MCI and AD (including borderline, mild, moderate,
or severe AD); I: oral administration of MCT or CO;
C: compared with control or placebo; O: improve-
ment in cognitive functions. Subjects on a stable
dose of currently approved AD medications, with no
changes to dosing throughout the follow-up period
of the study, were also included. Cognitive function
scored using any cognitive function assessments were
accepted.

http://www.medpeer.cn
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Exclusion criteria

Study exclusion criteria were as follows: 1) review
articles, pilot studies, case reports, observational
studies and conference abstracts; 2) studies that
did not involve humans; 3) studies with incomplete
or unpublished data; 4) non-oral administration of
MCT or CO; or 5) analysis of the role of a keto-
genic diet on AD. References of review articles were
hand-searched for additional studies not identified by
electronic database search.

Quality assessment

Methodological quality of included studies was
assessed qualitatively by two independent reviewers
(LS and KXY) using relevant tools. Discrepancies
were first discussed to reach consensus before seek-
ing the opinion of a third independent reviewer (FL).
Randomized controlled trials (RCTs) were assessed
based on the Cochrane’s Risk of Bias Tool on five
primary domains (selection, performance, attrition,
reporting, and others).

Open label clinical trials and single-arm studies
were assessed using the Newcastle-Ottawa Assess-
ment for cohort studies on three primary domains
(selection, comparability, and outcome). For each
item in the selection and outcome domains, a max-
imum of one star can be awarded. In the outcome
domain, the acceptable length of follow up period is
90 days [27] and subjects lost to follow-up should be
less than 5% [28], where reasons accounting for the
loss to follow-up should be stated. In the compara-
bility domain, a maximum of two stars can be given
for each item. The Newcastle-Ottawa scale is then
converted to AHRQ standards [29] (good, fair, and
poor) based on the total number of stars scored from
all individual domains.

Data extraction

Two independent reviewers (LS and KXY)
extracted the data from included studies, and conflicts
were worked out via discussion. If a conflict remained
unresolved, a third reviewer (FL) was included. Basic
information extracted from each study included:
author, year of publication, number of subjects (n) in
treatment and control group, duration of follow up,
characteristics of subjects (age, gender, and disease
state), intervention used, and time point measurement
of cognitive function. Other data extracted included
the assessments used for cognitive function mea-

surement and results of the assessments. Primary
outcomes were domains of cognition function, such
as general, memory, language, and attention domains.
Secondary outcomes were change in triglyceride and
cholesterol levels from baseline, and adverse events
related to MCT or CO consumption. In the case of
a cross-over study, only the first phase was used to
prevent carry-over effect.

Data extracted for meta-analysis were the mean
and standard deviation (SD) of change (post-
intervention minus pre-intervention) in cognitive
function from baseline. In situations where required
data were not reported, an attempt was made to con-
tact the study authors via email. However, in the
events that replies were not received and a graph
was used to display the results obtained, values were
estimated off the graph. Standard error mean (SEM)
is converted to SD using the following formula:
EM = SD√

n
, where n is the number of subjects in the

treatment/control group.

Meta-analysis

Meta-analysis was conducted using Review Man-
ager (RevMan) [mac OS], Version 5.4, The Cochrane
Collaboration, 2020, to obtain a quantitative sum-
mary of the effect of MCT on cognitive function
in AD subjects. Analysis was conducted to estimate
between group effect size by comparing the change
in cognitive function score before and after treat-
ment between the treatment and control group. A
secondary meta-analysis was also conducted to inves-
tigate if the effect of MCT on cognitive function was
impacted by the apolipoprotein E �4 allele (APOE
�4) status of the subjects.

The heterogeneity between studies were tested
using Cochrane’s Q and I2 test. A p-value less than
0.10 from Cochrane Q’s test indicates significant sta-
tistical heterogeneity; an I2 value of 0% indicates no
heterogeneity, and a higher I2 value indicates increas-
ing heterogeneity between studies employed in the
meta-analysis. A random effect model was used if
I2 > 50%. A random effect model allowed accom-
modation of studies that differed largely in various
aspects, including the interventions used (MCT and
CO) and characteristics of subjects (age, gender, and
disease state) [30].

In order to compare studies that employed differ-
ent assessment tools for the measurement of cognitive
function in the meta-analysis, standardized mean dif-
ference (SMD) was used to estimate the effect size
[31]. SMD was determined using the extracted mean
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and standard deviation of the change in cognitive
function tests score from baseline, as well as the num-
ber of subjects in the treatment/control group. For
assessment tools using scales of different direction,
the data with negative mean values were multiplied
by –1 to ensure all scales used for comparison were
in the same direction. The effect size was interpreted
based on the criteria set by Cohen, where SMD < 0.5
represents a small effect size, SMD < 0.8 represents a
medium effect size and SMD > 0.8 represents a large
effect size [32]. The SMD was considered significant,
favoring effect of treatment when p < 0.05 [33].

RESULTS

Search results

A total of 1862 publications were identi-
fied through the electronic database search. After
removing duplicates (n = 867) and irrelevant topics
(n = 957), 38 studies remained for full text assess-
ment. Two additional publications were identified
through citation searching. Altogether, nine publica-
tions, with total 10 studies, were eligible for inclusion
into the systematic review. Among these, four were
included in the meta-analyses. The process for study
selection is summarized in Supplementary Figure 1.

Study characteristics

A total of 10 clinical trials (848 subjects) study-
ing the effect of MCT (n = 8) and CO (n = 2) on
cognitive function in MCI and AD subjects were
eligible for inclusion. A summary of the included
clinical trials is in Table 1. Of the 10 clinical tri-
als included, three were open-label clinical trials
[23, 34, 35] and two were single-arm design [23,
34]. Ota et al. [23] contributed to two studies, one
RCT and one single-arm trial. All trials included
subjects of both male and female gender with dif-
ferent stages of cognitive impairment. Duration of
follow-up ranged from 120 minutes to 15 months.
Most studies employed Mini Mental State Exam-
ination (MMSE), Montreal Cognitive Assessment
(MoCA), and/or Alzheimer’s Disease Assessment
Scale-Cognitive Subscale (ADAS-Cog), which are
tools commonly used in clinical settings, for the
measurement of general cognitive function (Supple-
mentary Table 2, description of general cognitive
function test) [36]. An increase in MMSE and MoCA
score while a decrease in ADAS-Cog score reflects
an improvement in cognitive function. Three stud-

ies [34, 37, 38] administered CO and eight studies
[23, 27, 35, 39, 40] administered MCT to the treat-
ment group. Studies that involved MCT treatment
used either caprylic acid (n = 4), a mixture of caprylic
acid and capric acid (n = 3), or a non-specified MCT
(n = 1). All studies conducted on CO used extra vir-
gin coconut oil. Different doses of MCT and CO
were used in each study. All studies administered
the cognitive function assessments at baseline and
post-treatment.

Study quality

A summary of the methodological quality assess-
ment of the 10 studies can be found in Table 2A and
2B. Of the eight RCTs, six were deemed poor quality,
while two had fair quality according to AHRQ stan-
dards after assessment with Cochrane Risk of Bias
Tool. The poor quality was mainly due to presence
of performance and detection bias, where there was
inadequate blinding of participants and personnel by
not using a placebo investigational product in the con-
trol group [37], and unblinding of outcome assessors
[37, 41]. The Newcastle-Ottawa Assessment scale
was used for assessing the single arm trials. The stud-
ies conducted by Ota et al. [23] was rated as poor due
to the lack of information regarding the characteris-
tics of subjects; hence, it was difficult to determine
whether exposed and non-exposed AD subjects were
comparable. Despite the rating of good quality for
Gandotra et al. [34], conclusion drawn contains a high
risk of bias since they had no control groups, which
places them low in the evidence-based pyramid.

Role of MCT on cognitive function

Of 10 studies, eight studies [27, 34, 35, 37, 38,
40–42] conducted assessments for general cogni-
tive function, and all studies, except Henderson et
al. [42], showed a significant improvement in gen-
eral cognitive function post treatment. Meta-analysis
was conducted on four studies that [27, 37, 41,
42] reported pre-post change. A significantly greater
improvement in general cognitive function was found
in MCT treated group, compared to control/placebo
group (SMD = 0.64; 95% CI [0.05, 1.24]). However,
the p and I2 value indicated heterogeneity between
the studies (p < 0.00001, I2 = 89%). The result of this
meta-analysis is shown in Fig. 2a.

Of the five studies [23, 37, 39, 41] that assessed
the memory domain of cognitive function, two stud-
ies [23, 41] including the chronic feeding study by
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Table 1
Summary of included studies

Author (Publication
Year); country

Study design Sample size and subject
characteristics

Intervention Duration of
follow-up

Cognitive function assessments Results

Ota et al. (2019) [23]
(Postprandial);
Japan

RCT N = 20
Age = 73.40 ± 6.0,
Male = 55%
Mild-moderate AD

I: MCTs (10.9 g caprylic acid and
3.5 g capric acid)

Dosage: 20 g administered in
conjunction with their daily
diet.

P: Isocaloric placebo formula
containing emulsified LCTs

120 min Memory: WMS-R (logical memory -
immediate and delayed, digital span and
spatial span)

Attention: WAIS-III (block design and digit
symbol coding), Stroop Test and TMT.

No significant difference between scores
after taking the ketogenic formula and
those after the placebo formula in any
cognitive test.

Ota et al. (2019) [23]
(chronic feeding);
Japan

Open-label CT,
single-arm

N = 16
Age = 73.40 ± 6.0,
Male = 55%
Mild-moderate AD

I: MCTs (caprylic acid and capric
acid)

Dosage: 20 g administered in
conjunction with their daily
diet.

C: Baseline

12 weeks Memory: WMS-R (logical memory -
immediate and delayed, digital span and
spatial span)

Attention: WAIS-III (block design and digit
symbol coding), Stroop Test and TMT.

Memory: significant improvements in the
logical memory (immediate and
delayed) test score post-treatment
(p = 0.001 and p = 0.005).

Attention: significant improvements in the
digit-symbol coding test (p = 0.004)

Henderson et al.
(2009) [27]; USA

RCT 152(I:86, P:66)
Age = 76.9 ± 8.9;
76.8 ± 7.4
Male = 41.7%; 47%
Mild-moderate AD

I: AC-1202 (10 grams caprylic
acid per 30 g sachet)

Dosage: 30 g daily for the first
seven days. Subsequently
increased to two 30 g sachets
till day 90.

P: isocaloric to treatment (51%
gum acacia, 37% dextrose, 10%
safflower oil, and 2% syloid)

90 days + 2 weeks
washout

General: MMSE, ADAS-Cog and
ADCS-CGIC

APOE �4: ADAS-Cog

General: Improvement was observed in
ADAS-Cog score post-treatment, when
compared to the placebo group (–0.31
vs 1.23), but was not significant
(p = 0.077).

APOE �4: APOE-�4 (−) patients had
significantly better improvement on the
ADAS-Cog relative to Placebo
(p = 0.0148), whereas APOE �4 (+)
patients showed no significant changes
in ADAS-Cog post-treatment.

Gandotra et al.
(2014) [34];
Netherlands

Open-label CT,
single-arm

N = 31
Age = 81.9 ± 9.63
Male = 32.3%
Moderate (54.8%) and
severe (41.9%)
AD

I: 20 g of virgin coconut oil daily
after breakfast during the first 4
weeks.

4 weeks + 2 weeks
washout

General: ADAS-Cog General: Improvement observed in
ADAS-Cog score post-treatment was
significant (p = 0.00).

Juby et al. (2022)
[35]; Canada

RCT, crossover study
with an open label
extension

N = 20 (I:10; P:10)
Age = 75.7 ± 8.8;
68.4 ± 9.9
Male = 40%; 70%
Mild-moderate AD

I: Bulletproof Brain Octane
(100% caprylic acid triglycerides,

MCT, from coconut oil)
Dosage: 15 ml once daily to three

times daily by week three, if
clinically tolerated, or to the
maximum tolerated dose.

P: Olive oil

8 months (crossover
at 4 months) + 7
months extension
with MCT
treatment

General: Cognigram tests (1 and 2),
MMSE and MoCA

General: a statistically significant
difference in Cognigram 1 scores
between the two groups at the study
completion (p = 0.003), occurred in
those who has started with the placebo
oil (i.e., subjects who had 11 months of
uninterrupted MCT treatment.

No statistically significant difference in
MMSE and MoCA between the two
groups.
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Ortı́ et al. (2017)
[37]; Spain

RCT N = 44 (I:22, C:22)
Age = 79.32 ± 4.47
Male = 18.2%
Mild-moderate (36.36%)
and severe (63.64%) AD

I: Extra virgin coconut oil
Dosage: 20 ml two times a day

(breakfast and lunch)

21 days General: MEC-Lobo (orientation,
calculus-concentration, fixation,
memory and language-construction)

General: Improvement observed in
MEC-Lobo score post-treatment was
significant (p < 0.001).
Memory: Improvement was observed in
the MEC-Lobo memory subtest score
post-treatment though not significant
(p = 0.312).

Language: Improvement was observed in
MEC-Lobo language construction
subtest score post-treatment (p = 0.003)

Attention: Improvement was observed in
MEC-Lobo calculus concentration
subtest score post-treatment though not
significant(p = 0.961)

Fortier et al. (2021)
[39]; Canada

RCT N = 83 (I:39; P:44)
Age = 71.4 ± 7.2;
72.9 ± 6.9
Male = 51.3%; 39.5%
MCI

I: Emulsion made up of 12%
Captext 355 (60% caprylic
acid, 40% capric acid) in
lactose-free skim milk.

Dosage: twice a day in equal
volumes between two meals.
The initial dose of 50 ml/day
was increased gradually to the
final dose of 250 ml/day within
two weeks.

P: High-oleic acid sunflower oil
emulsified in lactose-free skim
milk

6 months Memory: RL/RI-16, BVMT-R, and VFT
Language: BNT
Attention: TMT, Stroop Colour and Word

Interference (Stroop), and Digit Symbol
Substitution Test

Memory: the raw scores of the first free
recall trial of the RL/RI-16 test
improved significantly in the kMCT
group (p = 0.047). No significant
changes were observed in either group
on the BVMT-R.

Language: BNT scores improved
post-intervention in the kMCT group
with +1.1 total correct responses, while
the placebo group had 0.2 fewer total
correct responses (p = 0.018)

Attention: the kMCT group had
significantly fewer errors on all
conditions of the TMT (p = 0.02) and
Stroop tests (p = 0.042)

Reger et al. (2004)
[40]; USA

Open-label CT
crossover

N = 20
Age = 74.7 ± 6.7
Male = NR
probable AD (n = 15)
and amnestic MCI
(n = 5)

I: MCTs (caprylic acid)
Dosage: 40 ml blended with

152 ml heavy whipping cream.
P: Heavy whipping cream

120 minutes
(no washout period)

General: ADAS-Cog and MMSE
Attention: Stroop Colour Word

Interference Task
APOE �4: ADAS-Cog

General: Improvement was observed in
ADAS-Cog score post-treatment within
APOE �4 negative group.
(p = 0.04), but not in APOE �4 positive
group

Attention: There was no improvement
observed in the Stroop Color Word test
post-treatment (p = 0.33).

(continued)
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Table 1
(Continued)

Author (Publication
Year); country

Study design Sample size and subject
characteristics

Intervention Duration of
follow-up

Cognitive function assessments Results

Xu et al. (2020) [41];
China

RCT, crossover N = 49
Age = 75.1 ± 7.5 y
Male = 36.7%
Mild-moderate AD

I: MCTs jelly
Dosage: three times daily (total

17.3 g)
P: Canola oil jelly

30 days (30 days
washout)

General: ADAS-Cog-C
Memory: WdRcl, WdRcg, remembering

test in- structions on word recognition
(RTI), and orientation (Ori)

Language: Nof, Com, Rlang, ComSpk,
and WFD.

Attention: Attn score
APOE �4: ADAS-Cog-C

General: after 30 days of intervention, the
MCT group showed a significant
decrease (p < 0.01) in the total scores of
ADAS-Cog-C compared with that of the
placebo participants.

Memory: MCT administration was
associated with significant differences
in mean changes from baseline in
WdRcl (p < 0.05), Ori (p < 0.01),
WdRcg (p < 0.01), and total memory
(p < 0.01) scores compared to placebo.

Language: MCT administration showed a
significant difference in mean change
from baseline in Rlang (p < 0.01),
ComSpk (p < 0.01), and total language
(p < 0.05) scores compared to placebo.

Attention: a significant difference in mean
change from baseline in attn score
(p < 0.05) compared to placebo.

APOE �4: compared to the placebo group,
only people with APOE �4(−)
displayed a significant improvement in
the total scores of ADAS-Cog-C scores
(p < 0.01), while people with APOE
�4(+) did not in the MCT group.

Henderson et al.
(2020) [42]; USA

RCT N = 413
(I:208, P:205)

Age = 76.76 ± 6.47,
77.2 ± 6.48

Male = 40.7%; 41%
Mild to moderate
cognitive impairment

APOE �4 (−) subjects only

I: AC-1204 (20 grams of caprylic
triglyceride per 40grams)

Dosage: 40 grams of AC-1204
daily. Dosage increased
gradually during the first 2
weeks (starting with 10 grams
of AC-1204, and an increment
of 10 grams every fourth day
until a final dose of 40 grams.)

P: an isocaloric mixture of
sunflower oil and maltodextrin
containing the same excipients
as AC-1204.

26 weeks General: ADAS-Cog11
APOE �4:
ADAS-Cog11

General: the change in ADAS-Cog11
scores between both treatment groups
were not significant (p = 0.25).

APOE �4: no significant treatment-related
differences in scores were detected in
ADAS-Cog11 regardless of APOE �4
status(p > 0.05).

AD, Alzheimer’s disease; RCT, Randomized controlled trial; NR, Not reported; I, Intervention; C, Control; P, Placebo; MCT, Medicum Chain Triglyceride; MCI, Mild cognitive impairment;
MMSE, Mini Mental State Examination; MoCA, Montreal Cognitive Assessment; ADAS-Cog, Alzheimer’s Disease Assessment Scale-Cognitive Subscale; ADAS-Cog-C, Alzheimer’s Disease
Assessment Scale-Cognitive Subscale, Chinese version; ADCS-CGIC, AD Cooperative Study-Clinical Global Impression of Change;RL/RI-16, 16 item free/cued word learning and recall test;
BVMT-R, Brief Visuospatial Memory Test-Revised; VFT, Verbal Fluency Test; BNT, Boston Naming Test; TMT, Trail Making Test; WMS-R, Wechsler Memory Scale-Revised; WAIS-III,
Wechsler Adult Intelligence Scale-3rd; MEC-Lobo, Mini Cognitive Examination-Lobo Test; APOE-�4, apolipoprotein E �4 allele; �-OHB, �-hydoxybutyrate; WdRcl, word recall; WdRcg, word
recognition task; RTI, word recognition; Ori, orientation; Nof, naming objects and fingers; Com, commands; Rlang, receptive language; ComSpk, comprehension of spoken language; WFD, word-
finding difficulty.
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Table 2
Methodological quality assessment of included studies. A) Methodological quality assessment of RCTs based on Cochrane Risk of Bias

Tool. B) Methodological quality assessment of open label clinical trials based on the Newcastle-Ottawa Assessment scale. A
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Ota et al. (2019) [23] (Postprandial) Unclear Unclear Low Unclear Low Low Low Poor
Henderson et al. (2009) [27] Low High Low Low Low Low Low Poor
Judy et al. (2022) [35] Unclear Low Low Low Low Low Unclear Fair
Orti et al. (2017) [37] Low Unclear High High Low Low Low Poor
Fortier et al. (2021) [39] Low Unclear Unclear Unclear Low Low High Poor
Reger et al. (2004) [40] Unclear Unclear Unclear Unclear Low High Low Poor
Xu et al. (2020) [41] Low Unclear Low High Low Low Low Poor
Henderson et al. (2020) [42] Unclear Unclear Low Low Low Low Low Fair

Table 2B

Selection Comparability Outcome Overall Quality of Study
Domain Domain Domain (AHRQ standards)

Ota et al. (2019) [23] (Chronic feeding) Fair Not applicable Fair Poor
Gandotra et al. (2014) [34] Good Good Fair Good

*Good quality: 3 or 4 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome/exposure domain.
Fair quality: 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome/exposure domain. Poor
quality: 0 or 1 star in selection domain OR 0 stars in comparability domain OR 0 or 1 stars in outcome/exposure domain.

Ota et al. showed significant improvement in mem-
ory domain post-treatments in the treatment group
(p < 0.05 and p < 0.001); and one [39] showed sig-
nificant improvement on the 6-item free and cued
recall task (RL/RI-16) test (p = 0.047), but not on
the Brief Visuospatial Memory Test-revised (BVMT-
R) test. Ortı́ et al. [37] also showed improvement
in memory post-treatment but result was not signif-
icant (p = 0.312). Fortier et al. [39] did not provide
mean and standard deviation of change in memory
test score; while Ota et al. [23] is an open clinical
trial with no control group. Hence meta-analysis on
the effect of MCT on memory domain was conducted
using Ortı́ et al. [37] and Xu et al. [41]. As shown
in Fig. 2b, meta-analysis yielded a medium effect
size (SMD = 0.53, 95% CI [−0.27, 1.33]). However,
the effect was found to be non-significant (z = 1.30,
p = 0.19). The p and I2 value indicated heterogeneity
between the studies (p = 0.03, I2 = 79%).

Three studies [37, 39, 41] assessed the language
domain of cognition. All three studies reported a
significant improvement in language function post-
treatment in the treatment group. Meta-analysis

conducted on two studies [37, 41] that provided pre-
post treatment change in language domain yielded a
small effect size (SMD = 0.31, 95% CI [−1.03,1.66]),
and this was found to be non-significant (z = 0.46,
p = 0.65). The p and I2 value indicated high hetero-
geneity between the studies (p = 0.0004, I2 = 92%).
Result is shown in Fig. 2C.

Six studies [23, 37, 39–41] assessed the atten-
tion domain of cognition. A significant improvement
in the number sequencing trail making test (TMT)
(p = 0.02) and Stroop tests (p = 0.042) was observed
in Frontier et al. [39]; and a significant difference in
mean change from baseline in attention score com-
pared to placebo (p < 0.05) was observed in [43]. The
single-arm design chronic feeding study by Ota et
al. [23] observed an improvement in only the digit-
symbol coding test (0.004), but not other Wechsler
Adult Intelligence Scale-III (WAIS-III) tests. The
double blinded control postprandial study by Ota el.
showed no significant difference in any of the tests.
Similarly, Ortı́ et al. [37] and Reger et al. [40] did not
observe improvements in the attention tests. Meta-
analysis was perform on Ortı́ et al. [37] and Xu
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Fig. 2. Forest plots of cognitive function outcomes. (a) General cognitive function between treatment (MCT) and control group. (b) Memory
cognition between treatment (MCT) and control group. (c) Language cognition between treatment (MCT) and control group. (d) Attention
cognition between treatment (MCT) and control group. (e) Cognitive function between APOE �4(−) and APOE �4(+).
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et al. [41]. Result in Fig. 2d shows a small effect
size (SMD = 0.27, 95% CI [−0.21, 0.76]), which
was found to be non-significant (z = 1.11, p = 0.27)
between the treatment and the control group. The I2

value indicated some level of heterogeneity between
the studies (p = 0.17, I2 = 46%).

Long-term effect of MCT on cognitive function

Two studies [27, 34] further studied the persistency
of the effect of MCT for CO following cessation of
treatment. Gandotra et al. found that improvement in
cognitive function remained stable after discontinu-
ation of CO for two weeks; the mean difference in
ADAS-Cog score when compared to baseline was
4.1 (p < 0.001); while Henderson et al. found no
significant difference in ADAS-Cog score after dis-
continuation of MCT.

Role of MCT on cognitive function stratified
according to APOE �4 status

Four studies [27, 40–42] investigated the influ-
ence of APOE �4 status on the effect of MCT on
changes in general cognitive function. All four studies
used the ADAS-Cog assessment as the measurement
of cognitive function, and therefore, meta-analysis
was performed on mean difference (MD) in change
from baseline between APOE �4(−) and APOE �4(+)
group. A large effect size (MD = 1.87, 95% CI [0.35,
3.40]) was yielded, favoring APOE �4(−) subjects.
This was found to be statistically significant (z = 2.42,
p = 0.02). The p and I2 value indicated some het-
erogeneity between the studies (p = 0.08; I2 = 55%).
Result of meta-analysis is shown in Fig. 2e.

Effect of MCT on blood lipid profile

Secondary outcome analysis on the effect of MCT
consumption on triglyceride and cholesterol level in
AD patients was looked at by four studies [34, 35,
39, 41]. Gandotra et al. using CO [34] and Fortier
et al. [39] and Judy et al. using MCT [35] showed
no statistically significant change in triglyceride and
cholesterol levels in either groups post-treatment,
while Xu et al. using MCT [41] showed that treatment
with MCT significantly increased the concentrations
of total cholesterol (TC) and High-density lipopro-
tein cholesterol (HDL-C) compared with baseline
(p < 0.01), and the placebo group (p < 0.05).

Adverse effects associated with the use of MCT

Adverse events experienced by subjects which
could have contributed to dropouts during the clin-
ical trial were reported by six studies [23, 27, 35,
39, 41, 42]. Particularly, diarrhea [23, 27, 35, 42]
was a highly reported adverse event leading to sub-
jects’ intolerance to MCT. Other minimal side effects
reported by the subjects included abdominal or stom-
ach discomfort [23, 35, 42], nausea [42], vomiting
[42], dyspepsia [42] and/or constipation [42].

DISCUSSION

This systematic review summarized the effect of
MCT on AD and related cognitive impairment and
provided a quantitative measure of the effect of MCT
on different domains of cognitive impairment through
meta-analysis. Pooled results from available stud-
ies showed a statistically significant trend favoring
the use of MCT for improvements in general cog-
nitive function. Positive effect sizes were also found
for individual cognitive domains (memory, language,
attention), but the effects failed to reach statistical sig-
nificance. This could be due to the limited number
of studies (two studies only) available for quan-
titative analysis. Current meta-analysis used mean
change from baseline (pre-post change) instead of
final measurements. By doing so, the effect of base-
line difference in cognitive function between the
treatment groups, a potential source of bias, was
minimized. Only a small number of studies reported
pre-post change or provided information where pre-
post change could be calculated for quantitative
analysis. Moreover, high levels of heterogeneity were
detected between studies, primarily due to the use of
different study designs, cognitive assessment tools
and patient characteristics. Therefore, more studies
are warranted before making a definite conclusion on
the use of MCT in AD related cognitive impairment
treatment.

Studies have investigated the mode of action of
MCT in pursuit of a better understanding of AD
pathophysiology. AD is characterized by the gradual
accumulation of cerebral extracellular A� peptides
[44] and substantial progressive cognitive impair-
ment affecting several domains [45]. Bansal et al.
[46] showed that treatment of neuronal cells with CO
result in a significant decrease in A� protein accumu-
lation (p < 0.05); and the same result was observed in
animal studies [47, 48]. Consequently, CO is postu-
lated to have antioxidative properties. Studies showed
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that treatment with CO led to decreased oxidative
stress in both neuronal cell and AD rat model [49, 50].
Thus, CO is postulated to improve cognitive function
through a series of mechanisms leading to reduced
neuroinflammation. In addition, CO is thought to pre-
serve the structure of neurons [49, 51]. Alghamdi [49]
reported that CO preserved cortical and hippocam-
pal neurons in AD rats when viewed under light and
electron microscopes. This supports the finding of
a previous in-vitro model, where treatment of neu-
ronal cells with CO significantly increased survival
rate (p < 0.001) [51].

Clinical trials have also suggested a neuroprotec-
tive effect of MCT, whereby metabolism of MCT
to ketone bodies may provide an alternative fuel
source other than ATP in neurons that are unable
to utilize glucose [52]. In a clinical trial conducted
by Croteau et al., blood ketones level and cere-
bral metabolic rate (CMR) increased post-treatment
with MCT, and a positive correlation between blood
ketones level and CMR was noted [52]. Moreover,
when plasma ketone is raised as a result of diet
or infusion, ketone bodies are metabolized in a
concentration-dependent manner in the brain [10].
Improvements in cognitive functions in MCI and AD
patients were seen in the general (n = 7) [27, 34,
35, 37, 38, 40, 41], memory (n = 3) [23, 39, 41],
language (n = 3) [37, 39, 41], and attention (n = 3)
[23, 39, 41] domains, after MCT treatments; and
hyperketonemia induced by MCT intake might be
responsible for the changes in cognitive function
[21]. The increase in blood ketone levels follow-
ing MCT administration was seen in seven of the
included studies [23, 27, 39–42]. Correlating blood
ketone levels to cognitive function assessment scores
found a significant positive correlation, and hence,
improvement in cognitive function assessment score
is directly related to an increased blood ketone
level.

One of the major genetic risk factors associated
with AD is the presence of APOE �4 allele in indi-
viduals [53]. APOE �4 allele carriers were found
to have decreased ability to metabolize glucose and
lipids, and thus potentially affecting therapeutics tar-
geting these pathways in the management of AD
[54]. Subgroup analysis conducted found significant
cognitive improvements in APOE �4 (−) individu-
als in response to MCT treatment, while APOE �4
(+) showed no benefit [27, 40, 41]. This is consistent
with the previous finding that cognitive response to
elevated energetic substrates is dependent on APOE
genotype [55]. It is suggested that APOE �4 carriers

may have a different dose-response pattern compared
to non-carriers, and hence differences in pathophys-
iology [40]. In some other AD therapies, APOE �4
(−) patients have shown to have greater benefits com-
pared to APOE �4 (+) patients, such as in glucose and
insulin [55], nasal insulin [56], and insulin sensitiz-
ing agent rosiglitazone therapies [57]. One possible
explanation could be that APOE �4 (+) patients have
lower mitochondrial enzyme function compared to
APOE �4 (−) patients as seen in AD brain tissue
samples [58, 59]. Reduced mitochondrial function
is associated with reduced ability in ketone utiliza-
tion, which could explain the unresponsiveness to
MCT treatment in APOE �4 (+) patients despite a
significant increase in blood ketone [40]. Further
studies examining the role of APOE genotype on
the pharmacokinetic response patterns in AD patients
may provide better explanations to the observed phe-
nomenon.

The use of MCT in the management of AD remains
controversial due to the concern for increased car-
diovascular risk. MCT is a type of saturated fatty
acid (SFA), and SFA has been shown to increase
LDL cholesterol, with consequent development of
cardiovascular diseases [60]. However, SFAs of
MCT are of median-chain length (C8:0−C12:0),
which consists of 7.8% caprylic acid (C8:0), 6.7%
capric acid (C10:0), and approximately 47.5% lau-
ric acid (C12:0) [61]. SFAs with carbon chain
lengths C6:0−10:0 are rapidly absorbed into the por-
tal vein and metabolized [62], while carbon chain
lengths ≥ 12:0 are taken up by chylomicrons and
transported into the circulation before metabolizing
[63]. Given the difference in metabolizing proper-
ties, the rise in blood LDL cholesterol concentrations
following SFA consumption may depend on type of
SFAs. Of the three reviewed studies that looked at
the effect of MCT on blood lipid profile, two showed
no change in triglyceride and cholesterol level [35,
39], and one showed that MCT significantly increased
the concentrations of total cholesterol (TC) and high-
density lipoprotein cholesterol (HDL-C) [41]. This
is in consensus with previous studies, which sug-
gested no effect of MCT on cholesterol metabolism
[64, 65]. Moreover, a recent systematic review and
meta-analysis demonstrated that MCT consumption
could increase HDL-C levels without changing non-
HDL-C in comparison with long-chain SFAs [66].
Treatment with CO also did not show an effect on
triglyceride and cholesterol level, despite contain-
ing long-chain SFAs [34]. All four studies showed
improvements in one or more domains of cognitive
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function post-treatment. Therefore, MCT consump-
tion may lead to improvements in cognitive function
without adversely impacting on cardiometabolic risk
factors.

This systematic review has its value in being one
of the very few and most recent systematic reviews
conducted on the impact of MCT in cognitive func-
tion in AD patients. The use of our keyword terms
identified all studies included in previous systematic
reviews [18, 26], as well as additional studies pub-
lished thereafter. Compared to previous systematic
reviews our review has several strengths. First, it has
the most up-to-date clinical data, with database search
up until December 2022. Second, individual domains
of cognitive function were considered for more com-
prehensive understandings of the effect of MCT on
specific regions of the brain. Third, it provided sub-
group analysis on the influence of APOE genotypes
on the extent of effectiveness of MCT. Fourth, car-
diometabolic risk and potential adverse effects upon
MCT consumption were examined. Fifth, utilization
of pre-post change in quantitative analysis to account
for potential differences between groups, Lastly, we
did not include pilot studies as their primary objec-
tive was to test the feasibility and prospects of the
study; the methodology employed is typically unre-
fined, and results discussed focus on methodological
quality to benefit future RCTs [67]. Inclusion of pilot
and case report studies can decrease the quality level
of the analysis, which we avoided in our systematic
review.

However, this systematic review is not without
limitations. First, only ten studies were eligible for
inclusion despite a comprehensive search in five
databases and citation screening. This is largely
attributed to the limited number of available interven-
tions, and some trials identified had no data and hence
excluded. Second, single-arm studies were included
in the review. However, these were not included in the
quantitative analysis. Third, there was heterogeneity
in cognitive assessments. While MMSE, MoCA, and
ADAS-Cog are shown to closely cross-correlate with
each other [68], correlations between subgroup tests
are still to be examined. Fourth, different MCT for-
mulations and dosages were used between studies.
According to Vandenberghe et al. [69], the ketogenic
effect of MCT depends on the percentage of C8 and
C10. The ketogenic effect of C8 is two-fold that of
C10 [70]. Fatty acids with carbon chain lengths ≤ 8
can cross the inner mitochondria membrane in the
absence of carnitine palmitoyl transferase I. [71].
Moreover, C8 appears to experience �-oxidation in

astrocytes more easily than C10, hence more read-
ily induces ketogenesis [72]. This could suggest that
MCT may have different effects on blood lipid pro-
file due to difference in C8 and C10 levels. Moreover,
20 g of C8 produced a significantly stronger ketogenic
response than 10 g of C8 [73]. Therefore, the dose at
which greatest ketogenic response could be achieved
without introducing risk should be explored. Fifth,
studies varied in patient characteristics (stage of dis-
ease). Disease state of AD patients is postulated to
influence the effectiveness of MCT, and early diag-
nosis and treatment may increase response to therapy
[74]. Lastly, some studies did not control for APOE
genotype. APOE �4 status was found as a poten-
tial effect modifier [27, 40, 41]. All these resulted
in discrepancies in findings.

CONCLUSION

This systematic review and meta-analysis provide
the most up-to-date consolidation and analysis of
studies on the effect of MCT in treating cognitive
impairment associated with AD. Meta-analysis of
RCTs showed significant positive effect of MCT
on general cognitive function, but not in the indi-
vidual cognitive domains (i.e., memory, language,
attention). Future interventions should provide more
homogenized study designs, cognitive assessment
methods and better characterized patient popula-
tions in order to arrive at a conclusion supported by
stronger evidence. Finally, the relationship between
effect modifiers and MCT should be considered to
increase the precision of effect estimation.
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