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Abstract.
Background: Alzheimer’s disease (AD) is the most prevalent neurodegenerative disorder (mainly in women), and new
therapies are needed. In this way, ketone bodies are a direct source of cellular energy and can be obtained from coconut oil,
postulating that coconut oil could be a new non-pharmacological alternative in AD patients.
Objective: The aim of this study is to detect changes in the main cognitive functions of patients with AD after following a
coconut oil enriched Mediterranean diet, and to determine whether there are differences in function of stage or sex.
Methods: A prospective, longitudinal, qualitative, analytic, experimental study was carried out in 44 patients with AD, who
were randomly divided into two homogenous groups of 22 patients each: an experimental group of patients who followed a
coconut oil enriched Mediterranean diet for 21 days and a control group. In order to determine the cognitive changes after the
intervention, we carried out the 7 Minute Screen, which analyses temporal orientation, visuospatial and visuoconstructive
abilities, and semantic and episodic memory.
Results: After intervention with coconut oil, improvements in episodic, temporal orientation, and semantic memory were
observed, and it seems that the positive effect is more evident in women with mild-moderate state, although other improvements
in males and severe state were also shown.
Conclusions: The isocaloric coconut oil enriched Mediterranean diet seems to improve cognitive functions in patients with
AD, with differences according to patient sex and degree of severity of the disease, although more studies in this line are
needed.
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INTRODUCTION

Alzheimer’s disease (AD) is the most common
type of dementia (60%–70% of cases) and increases
dramatically with age [1]. It is a progressive and irre-
versible brain disorder which slowly impairs memory
and several other cognitive functions. The estimated
survival of AD patients ranges from 3 to 9 years
[2], with women being more commonly affected than
men [3].

It is a disease that to date has no cure, although
there are some drugs that can alleviate the symptoms,
which are mainly acetylcholinesterase inhibitors (for
example, rivastigmine, galantamine, and donepezil),
indicated when the disease is between mild to mod-
erately severe, and N-Methyl-D-Aspartate (NMDA)
receptor antagonists (like memantine) that is indi-
cated in moderate-severe cases [4]. However, drugs
used for other disorders are also used in this type
of dementia to treat associated symptoms, such
as neuroleptics, antidepressants, and anxiolytics. In
addition, many of the drugs currently used have a high
number of side effects, greatly limiting the capabil-
ities of the patient, so the search for more effective
treatments remains a challenge.

Typically, AD has an insidious onset that becomes
apparent initially with progressive loss of episodic
memory, followed by gradual impairment of declara-
tive and non-declarative memory [5]. Later, loss of
other main cognitive functions, such as language,
executive functions, attention span, and working
memory, have also been observed [6] as well as alter-
ations in temporal orientation [7], visuospatial ability
[8], and visuoconstructive ability [9].

The etiology of AD is complex and heterogeneous,
and multiple causes have been suggested, such as the
absence of the neurotransmitter acetylcholine [10],
genetic alterations [11–13], and the accumulation of
amyloid plaques together with hyperphosphorylated
tau protein in the brain. However, metabolic disor-
ders, such as brain insulin resistance [14], which
causes neuronal death due to lack of glucose, have
also been mentioned as a cause of AD. This lack
of glucose, which involves energy hypometabolism,
begins to occur about a decade before the onset of
the first signs of the disease. The explanation for this
poor glucose utilization may be the early destruc-
tion of the noradrenergic brainstem nucleus, the locus
coeruleus, which stimulates glucose metabolism, in
astrocytes and possibly in other brain cells [15]. How-
ever, during that preclinical period, the metabolism
of ketone bodies (a group of compounds produced

from fat stored during periods of low glucose avail-
ability) does not decrease and they can provide an
alternative to glucose for brain metabolism [16], con-
stituting an extra source of energy. In addition, these
ketone bodies, in adequate doses, also regulate glu-
tamate release in the synaptic cleft. Glutamate is a
neurotransmitter which is involved in most aspects
of normal brain function, including learning. How-
ever, in AD patients, due to the severe alterations
caused by the disease, its levels are high and lead
to neuronal hyperexcitability and inflammation asso-
ciated with an increase of calcium within the neuron,
which produces neuronal death, decreasing synapsis.
Therefore, ketone bodies would reduce such hyper-
excitability and inflammation, thus improving the
course of the illness [17]. This has been observed
not only in mouse models of AD, in which the ability
of ketone bodies to reverse pathological alterations
at the brain level has been demonstrated, improving
brain cognition [18], but also in humans diagnosed
with AD [19].

In line with this, medium-chain triglycerides
(MCTs) made up of medium-chain saturated fatty
acids (MC-SFAs), such as linoleic acid, lauric acid,
caprylic acid, etc., are metabolized quickly and effi-
ciently [20, 21], giving rise to ketone bodies. Coconut
oil is one of the foods that produces a higher number
of these ketone bodies, because 90% of its saturated
fats are medium-chain, of which approximately 45%
is lauric acid, followed by palmitic acid, stearic acid,
and myristic acid [22]. The effectiveness of coconut
oil has already been proven in other neurological dis-
orders, such as in epilepsy [23], in animal models
of Parkinson’s disease [24], and even in decreas-
ing inflammation [25]. Regarding AD in particular, a
potential role of coconut supplementation as a ther-
apeutic option in the prevention and management of
AD has been shown [26]. It seems that coconut sup-
plementation increases the neuronal survival of cell
cultures exposed to amyloid plaques [27], with an
overall improvement in the cognitive performance of
patients with AD after the administration [28], thus
confirming its neuroprotective activity [29].

Therefore, it seems that the administration of an
appropriate dosage of ketone bodies is a good alter-
native way of improving the course of AD, and
especially of improving the main cognitive functions
affected by this illness that affect the patient’s daily
life. Thus, the main objective of the present study
is to test the efficacy of an isocaloric coconut oil
enriched Mediterranean diet in improving cognitive
functions, and to establish which of those functions
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will improve more. At the same time, the secondary
aim is to determine if there are differences in all these
cognitive functions depending on patient sex and the
severity of the illness (mild/moderate versus severe).
This way, we will be able to better understand if all
the cognitive functions depend, to the same extent, on
the physiological alterations which are characteristic
of AD and which lost functions are recovered more
easily with the treatment described in the study.

According to the theoretical references showed
here, our initial hypothesis is that patients who follow
a coconut oil enriched Mediterranean diet experience
an improvement in temporal orientation, visuospatial
abilities, and semantic and episodic memory, with a
difference in intensity. At the same time, an improve-
ment on these variables will be dependent on patient
sex and the severity of the disease.

MATERIAL AND METHODS

Design

A prospective, longitudinal, qualitative, analytic,
and experimental design was used in the present
study.

Participants

The inclusion criteria for the final sample in
the study were the following: patients diagnosed
with AD, institutionalized in the Alzheimer’s Family
Association of Valencia (AFAV), with ages ranging
from 65 to 85 years old. The exclusion criteria were
patients diagnosed with other types of degenerative
cognitive disorder or with any type of verbal disabil-
ity which prevented them from answering the test,
patients with any metabolic chronic disease or treated
with drugs which could alter the cognitive functions
such as antidepressants, antipsychotics or hypnotic
drugs.

The required sample size was determined on the
basis of previous studies [28, 30]. After applying
these inclusion and exclusion criteria to the 458
AFAV patients, a sample of 44 patients was obtained.
These patients were randomly divided into two
homogenous groups of 22 patients each: an exper-
imental group of patients who followed a coconut
oil enriched Mediterranean diet, and a control group
of patients who followed a Mediterranean-style diet,
with the same calorie intake as that of the experimen-
tal group, but without coconut oil.

To form these groups, and given that patients
belonged to two strata according to their stage of
the disease (severe or moderate/mild), and another
two according to sex (male or female), a stratified
random sampling technique was used, which con-
sisted of the following: each patient, per stratum, was
assigned an identification number at random. Subse-
quently, the sample was randomized using a balanced
allocation methodology, in which each subject was
assigned to a group with variable probability, depend-
ing on the subjects that were previously assigned
to the groups. As a result, patients were randomly
distributed between the experimental group and the
control group.

Regarding gender, both groups had the same per-
centages of male and female patients (75% female
and 25% male), which reflected the percentages
of AD distribution according to gender [31]. As
for the degree of impairment, both groups had
the same percentage of patients in each stage of
the illness. Before starting the study, all patients
were classified by the institution neurologists using
the Mini-Mental State Examination (MMSE) [32]
with 36.37% having a mild/moderate level of cog-
nitive impairment (scores ranging from 26 to 11
in the MMSE) and 63.63% having a severe level
of cognitive impairment (scores ranging from 10
to 0 in the MMSE). The MMSE is a commonly
used method to study cognitive impairment and to
assess the outcome of patients with these symp-
toms through different questions and tasks that
the patients are asked. The evaluation system con-
sists in increasing the punctuation when the patient
responds correctly, allowing us to assess differ-
ent aspects like orientation, attention, concentration,
memory or language [32]. In previous works, the
test had shown good sensitivity and specificity
levels, 0.87 and 0.82, respectively [33]. The insti-
tution psychologists gathered the information of the
questionnaire.

The level of education was similar in all patients.
All of them had higher education and a high socio-
economic level. All patients took similar doses of
anticholinesterases and did not take any other type
of medication over the 21 days of intervention.

Tools

Each participant was cognitively assessed by
the same institutional blinded psychologist, before
therapy (10 a.m. the day before the intervention,
described in the following section) and after therapy
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(10 a.m. the day after treatment), using the Seven
Minute Screen composed of four tests.

The first test to be conducted was Benton’s tem-
poral orientation test, which consists of 5 questions
(day of week, day of month, month, year, and hour).
If the patient did not answer the first question cor-
rectly (day of week), they get 1 point for each day
over or under the actual day, with a maximum error
score of 3 points. If they did not answer the day of
month correctly, they get 1 point for each day over or
under the actual day, with a maximum error score of
15 points. If they did not answer the month correctly,
they get 5 points for each month over or under the
actual one, with a maximum error score of 30 points.
If they did not answer the year correctly, they get 10
points for each year over or under the actual one, with
a maximum error score of 10 points; and if they did
not answer the hour correctly, they get 1 point for
each 30 minutes of error with a maximum error score
of 5 points. The obtained score is subtracted from 113
(total success), with 0 being the maximum error. So,
the higher the score, the better the prognosis (from 0
to 113) [34].

Secondly, the Clock drawing test, which measures
visuospatial and visuoconstructive abilities, was con-
ducted. In this test, the investigator requests the
patient to draw a watch face with all the hour numbers
and draw the hands so that they point twenty to four.
The score is 0–7 depending on the following criteria:
1) all the hours are present, 2) they are in the cor-
rect order, 3) in the correct position, 4) there are two
hands, 5) the hour hand is closer to 4 than any other
number, 6) the minutes hand is closer to the number 8,
and 7) the hour hand is smaller than the minutes hand.
Each of these 7 requests is scored 1 point. Higher
scores indicate higher cognitive function (from
0 to 7) [34].

Thirdly, the Categorical Verbal Fluency test, which
assesses semantic memory, was performed. In this
test, the investigator tells the patient: “I’m going
to tell you the name of a group or category and I
want you to tell me as many words belonging to
said category as fast as you can”. Using an example,
the investigator ensures that the patient understands
the test. The maximum time is 60 s. The score is
the number of words that the patient said with a
maximum score of 20 words (from 0 to 20). How-
ever, any variation in number (singular versus plural)
or grammatical gender (masculine versus feminine,
in the case of Spanish) from a word, as well as
repeated words, is not counted toward the score
[34].

Finally, the episodic memory was evaluated with
an adapted version of the Free and Cued Selective
Reminding Test. In this case, 16 figures of different
categories are presented to the patient. Following this,
the patient gets 1 point for each remembered figure. If
the patient does not remember the name of the figure,
the investigator gives the patient a hint (such as the
category of the figure) in order to evaluate the ability
to use this type of information. The maximum score is
16 and the minimum, 0. Higher scores indicate higher
cognitive function [34].

The Seven Minute screen has a sensitivity of
92.98%, a specificity of 93.5%, and a test-retest reli-
ability of 93% [35].

Procedure

After assessing the patients for the first time with
these four tests, the experimental group received
40 ml of coconut oil (20 ml during breakfast and 20 ml
during lunch) since that dose has already proven to
improve cognitive functions in AD patients [36, 15],
for only 21 consecutive days, which is justified with
the observed fact that cognitive improvement in AD
patients becomes patent a few hours after coconut
oil administration (it correlates with an immediate
increase of ketone bodies in their blood) [36]. The
doses were administered orally by the professional
blinded workers of the center using a millimeter
syringe. Both groups followed the same diet, i.e.,
an isocaloric Mediterranean diet associated with a
decrease in cognitive impairment in AD patients
[37–39]. This diet met the energy needs of the sample
population and a ketogenic diet low in carbohy-
drates and proteins was not necessary to generate
ketoacidosis, since it is possible to induce ketosis
with MCT and without dietary modification [40]. In
order to achieve this, 30 kcal/kg of body weight was
administered after calculating the average baseline
energy expenditure and the degree of physical activity
of each individual (the minimum number of calo-
ries were 1,200 kcal/day, which could be increased
to 2,000 kcal/day in the case of high energy con-
sumption patients) [41]. The calorie intake was the
same for all participants, taking into account that in
the Mediterranean diet proteins account for 15% of
the total energy intake, carbohydrates for 55% (with
more slow-absorbing carbohydrates and less simple
sugars [42]), and lipids for 30% of the total [43], so
in the experimental group lipids were reduced to be
completed up to 30% by coconut oil. This way, the
daily lipid amount for all the study participants (for
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Fig. 1. Effects of coconut on the temporal orientation. During the treatment, subjects were divided into the following treatment groups: Males
Mild-Moderate Control Diet, Males Mild-Moderate Coconut, Males Severe Control Diet, Males Severe Coconut, Females Mild-Moderate
Control Diet, Females Mild-Moderate Coconut, Females Severe Control Diet, and Females Severe Coconut. The bars represent the score
obtained in the temporal orientation test before treatment (Pre-t, blue bars) and after treatment (Post-t, orange bars). The interaction of all the
variables was not significant. However, the interaction “Time” x “Group” was significant, showing that the treatment induced improvements
in all the groups regardless of State or Sex.

the control group and the intervention group) was the
same.

Finally, in order to complete the diet, 20–30 g/day
of soluble and insoluble fiber was administered to pre-
vent and/or improve constipation, which is prevalent
in older patients [42].

Ethical considerations

The present study was conducted with the approval
of the Ethics Commission for Experimental Research
with Humans of the University of Valencia (Process
number HI433498684966), Spain, and fully complies
with all the principles established in the Declara-
tion of Helsinki (1975) and the Belmont Report
(1983).

Statistical data processing

Through the SPPP statistical program, the data
were analyzed with a mixed four-way ANOVA with
a three between-subjects variables, “Treatment” with
two levels (Control Diet, Coconut), “Sex” with
two levels (Female, Male), “Stage” with two lev-
els (Mild-Moderate, Severe), and a within-subjects

variable “Time” with two levels (Pre-Treatment and
Post-Treatment). All Post-hoc comparisons were
performed with Bonferroni test.

RESULTS

Effects of coconut diet on temporal orientation

Data about temporal orientation are shown in
Fig. 1. Only the interaction “Time x Group”
[F(1,36) = 5,541; p < 0.05; η2

p = 0.133] and “Sex x
State” [F(1) = 8,799; p < 0.05; η2

p = 0.196] were sig-
nificant. Post-hoc comparisons revealed that there are
differences in mild moderate state between women
and men and the experimental group that received
coconut had more punctuation in Post-treatment that
Pre-treatment (p < 0.05).

Effects of coconut diet on visuospatial memory

The ANOVA revealed that only the “State” [F(1,
36) = 7,614; p < 0.01; η2

p = 0.175] was significant
(See Fig. 2).
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Fig. 2. Effects of coconut on the visuospatial memory. During the treatment, subjects were divided into the following treatment groups: Males
Mild-Moderate Control Diet, Males Mild-Moderate Coconut, Males Severe Control Diet, Males Severe Coconut, Females Mild-Moderate
Control Diet, Females Mild-Moderate Coconut, Females Severe Control Diet, and Females Severe Coconut. The bars represent the score
obtained in the visuospatial memory test before treatment (Pre-t, blue bars) and after treatment (Post-t, orange bars).

Effects of coconut diet on semantic memory

The scores in episodic memory are shown in
Fig. 3. The ANOVA showed that the variable “Time”
[F(1,36) = 4,564; p < 0.05; η2

p = 0.113] and the inter-
action “Time x Sex x Group x State” [F(1,36) = 6,412;
p < 0.05; η2

p = 0.151] were significant. Post-hoc
comparisons revealed that after the treatment (Post-
treatment) females with mild-moderate state in
experimental group had high punctuations than
before the treatment (Pre-treatment) and that males
with severe state in experimental group showed high
punctuations in Post-treatment than Pre-treatment.

Effects of coconut diet on episodic memory

The scores in episodic memory are shows in
Fig. 4. The ANOVA revealed a significant effects
of the variable “Time” [F(1,36) = 9,826; p < 0.05;
η2

p = 0.214], “State” [F(1,36) = 30,667; p < 0.001;
η2

p = 0.460 ], and the interactions “Time x Sex”
[F(1,36) = 11,044; p < 0.05; η2

p = 0.235], “Time
x State” [F(1,36) = 9,146; p < 0.05; η2

p = 0.203],
“Time x Sex x Group” [F(1,36) = 5,279; p < 0.05;
η2

p = 0.128], “Time x Sex x State” [F(1,36) = 6,135;
p < 0.05; η2

p = 0.146], “Time x Sex x Group x State”
[F(1,36) = 7,105; p < 0.05; η2

p = 0.165]. Post-hoc

comparisons showed that in experimental group
females and males with mild-moderate state have
more punctuation in episodic memory in Post-
treatment than in Pre-treatment (p < 0.05). However,
in control group females with mild moderate state
had worse punctuation in Post-treatment than in Pre-
treatment (p < 0.05). On the other hand, in control
group males with moderate state improve the punctu-
ation in Post-treatment too (p < 0.05). No differences
were observed in the severe state.

Brief descriptive results of the sample character-
istics and the mean differences in each group (Pre-t
versus Post-t scores) can be observed in Table 1.

DISCUSSION

This study has demonstrated that a coconut
oil enriched Mediterranean diet improves cogni-
tive functions. This type of therapy increases the
execution results in temporal orientation, semantic
memory, and episodic memory comparing pre and
post treatment of experimental groups. In addition,
our study demonstrates for the first time that the
improvement in these cognitive functions is linked to
the sex of the patient and the severity of the disease.

Our results coincide with the results of other stud-
ies in which other cognitive tests have been used to
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Fig. 3. Effects of coconut on the semantic memory. During the treatment, subjects were divided into the following treatment groups: Males
Mild-Moderate Control Diet, Males Mild-Moderate Coconut, Males Severe Control Diet, Males Severe Coconut, Females Mild-Moderate
Control Diet, Females Mild-Moderate Coconut, Females Severe Control Diet, and Females Severe Coconut. The bars represent the score
obtained in the semantic memory test before treatment (Pre-t, blue bars) and after treatment (Post-t, orange bars). ∗p < 0.05, a significant
difference in the score in semantic memory in Pre-t versus Post-t.

report improvements after administering changes in
the diet, initially in animals [44] and, later, in human
beings [15, 36]. Taking a closer look at the changes
observed in the group that received coconut oil, these
changes seem to point to the fact that certain cogni-
tive functions improved more than others as the brain
energy source recovered, such as temporal orienta-
tion, semantic memory and episodic memory. This
improvement coincides with other studies [40, 45]
where an increase in the global memory of patients is
already observed with small increments of hydrox-
ybutyrate in blood. The improvement of the two
types of memory could be explained by the decrease
in insulin resistance due to the action of ketone
bodies [15], since memory improvement has been
observed after intranasal administration of insulin
in AD patients, which increases glucose metabolism
[46]. On the other hand, an improvement in tempo-
rary orientation has only been evidenced in a previous
study in our laboratory where comparable doses of
coconut oil were administered [30]. This fact could
be explained because this function, like memory,
depends on the hippocampus, so if it is recovered,
it is expected that the other one will recover too [47].
Along these lines, visuospatial and visuoconstructive

abilities, which do not improve after the intervention,
depend on other brain areas, which in turn would
explain the lack of recovery. Visuospatial abilities
are supported by the caudal intraparietal sulcus [48]
and parts of the inferior parietal lobule, including the
angular gyrus and posterior supramarginal gyrus [49],
while visuocontructional abilities are mediated by
parts of the superior parietal lobule, including areas
V6A and the medial intraparietal area [50]. It could
be deduced that not all regions of the cerebral cortex
recover to the same degree.

In addition, the present study shows differences
regarding sex, since it seems that female patients
recover more easily than male patients, which
confirms our previous results, where a global cog-
nitive improvement was shown in women [28].
These results could possibly be explained by hor-
monal differences in sex, but not only with respect
to low estrogen levels or to the role played by
gonadotropins in women (luteinizing hormone and
follicle-stimulating hormone), which modulate sus-
ceptibility to AD and the progression of the disease
[3], but also, and especially, by testosterone, whose
levels of production are much lower in women with
AD and cause them to have higher insulin resistance
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Fig. 4. Effects of coconut on the episodic memory. During the treatment, subjects were divided into the following treatment groups: Males
Mild-Moderate Control Diet, Males Mild-Moderate Coconut, Males Severe Control Diet, Males Severe Coconut, Females Mild-Moderate
Control Diet, Females Mild-Moderate Coconut, Females Severe Control Diet, and Females Severe Coconut. The bars represent the score
obtained in the episodic memory test before treatment (Pre-t, blue bars) and after treatment (Post-t, orange bars). ∗p < 0.05, a significant
difference in the score in episodic memory in Pre-t versus Post-t. ∗∗p < 0.01, a significant difference in the score in episodic memory in Pre-t
versus Post-t.

[51]. This could explain the better use of an alter-
native energy source in women, i.e., ketone bodies
provided by coconut oil.

Regarding the degree of severity, as previously
mentioned, differences were also found. For exam-
ple, in episodic memory, only mild-moderate state
showed improvement but in semantic memory both
severe and mild-moderate state showed differences
after the treatment. Maybe, the real effect of coconut
oil on AD patients could be to inhibit the gene expres-
sion of an oxidative stress mediator enzyme which
slows down aging in severely ill patients with more
amyloid plaques at the brain level [52]. However,
this theory contradicts recent findings on neuronal
cultures exposed to amyloid plaques. These findings
indicate that cells that have been in contact with these
plaques recover less after treatment with coconut oil,
and that there is greater neuronal survival in cells that
have been exposed fewer hours to it [28]. Therefore,
the improvement observed in the severely ill patients
of the present study could be less due to the cessa-
tion of oxidation caused by an increase in amyloid

plaques, and more due to the better metabolic recov-
ery (greater neurogenesis) of the areas affected in
severely ill patients in particular [52]. In fact, AD
causes the degeneration of the dentate gyrus, made
up of cells that sustain neurogenesis, whose recovery
has been observed after the administration of dietary
supplements based on MCTs [53].

In short, the results of the present study show
improvements in episodic, temporal orientation, and
semantic memory in AD patients after administer-
ing an isocaloric coconut oil enriched Mediterranean
diet, with differences between women and states. This
seems to corroborate the great neuroprotective abil-
ity of MCFA-based ketogenic diets observed in other
neurodegenerative diseases and neurological disor-
ders, such as epilepsy [23], Parkinson’s disease [54],
traumatic brain injuries in the young [55], and amy-
otrophic lateral sclerosis [56].

However, this study has some limitations: on the
one hand, measures to check cognitive improvements
have been made from cognitive tests. These cogni-
tive analyses should be complemented by other types
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of biochemical measurements and/or imaging tech-
niques. It is only a pilot study and more studies in
this area with more size sample are needed to con-
firm the results. In fact, the small sample of each
group is another limitation of this work. In addition,
the interventions lasted 21 days; therefore, similar
interventions could be carried out for longer periods
of time with a larger sample to certify if cognitive
improvements are maintained over time.
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[31] Carrillo-Alcalá ME, Bermejo-Pareja F (2008) Demencia
en nonagenarios. Revisión sistemática de estudios pobla-
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