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Abstract.

Background: Virgin coconut oil (VCO) is a potential therapeutic approach to improve cognition in Alzheimer’s disease
(AD) due to its properties as a ketogenic agent and antioxidative characteristics.

Objective: This study aimed to investigate the effect of VCO on cognition in people with AD and to determine the impact
of apolipoprotein E (APOE) &4 genotype on cognitive outcomes.
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Methods: Participants of this double-blind placebo-controlled trial (SLCTR/2015/018, 15.09.2015) were 120 Sri Lankan
individuals with mild-to-moderate AD (MMSE = 15-25), aged > 65 years, and they were randomly allocated to treatment or
control groups. The treatment group was given 30 mL/day of VCO orally and the control group, received similar amount
of canola oil, for 24 weeks. The Mini-Mental Sate Examination (MMSE) and Clock drawing test were performed to assess
cognition at baseline and at the end of the intervention. Blood samples were collected and analyzed for lipid profile and
glycated hemoglobin (HbA1 C) levels.

Results: There were no significant difference in cognitive scores, lipid profile, and HbA1 C levels between VCO and control
groups post-intervention. The MMSE scores, however, improved among APOE &4 carriers who had VCO, compared to
non-carriers (2.37, p=0.021). APOE &4 status did not influence the cognitive scores in the control group. The attrition rate
was 30%.

Conclusions: Overall, VCO did not improve cognition in individuals with mild-to-moderate AD following a 24-week
intervention, compared to canola oil. However, it improved the MMSE scores in APOE &4 carriers. Besides, VCO did not

compromise lipid profile and HbA1 C levels and is thus safe to consume.

Keywords: Alzheimer’s disease, APOE €4, cognition, HbA1 C, lipid profile, virgin coconut oil

INTRODUCTION

Late-onset Alzheimer’s disease (AD) emerges in
older adults and is thought to be caused by complex
interactions of genetics and environmental factors
that provoke neuronal hypometabolism [1]. Induc-
tion of ketosis via diet during glucose deficit is an
intervention recognized for its potential in providing
symptomatic and disease-modifying effects in AD
[2—4]. Increased ketone bodies substitute for glucose
as an alternative energy source for neurons with com-
promised glucose metabolism in AD as a result of
disruptions in the glucose transporter enzymes and
several Krebs cycle enzymes [5-7]. Medium chain
fatty acids (MCFA) effectively generate ketone bod-
ies during metabolism. MCFA are absorbed mainly
as free fatty acids and transported to the liver directly
through the portal venous system. They then undergo
rapid beta-oxidation to produce ketone bodies (ace-
toacetate, 3-beta-hydroxybutyrate, and acetone) in
the liver mitochondria [8—11]. Since the major por-
tion of the absorbed MCFA does not directly enter the
systemic circulation, they are less prone to deposit
in the arterial walls and adipose tissue, thereby not
contributing to atherosclerosis [12, 13]. Evidence
shows that atherosclerosis induced cerebral hypop-
erfusion contributes to the clinical and pathological
manifestations of AD [14]. Moreover, other related
cardiometabolic risk factors such as hyperlipidemia,
hypertension, obesity, and insulin resistance are also
risk factors for AD [15, 16]. Therefore, induction of
ketosis via MCFA would potentially be a safe treat-
ment approach for AD that would not elevate other
risk factors.

Coconut is an excellent source of MCFA due to
its unique fatty acid composition serving as a sub-
strate for the generation of ketone bodies that can
substitute glucose in the AD brain, in which the glu-
cose metabolism is impaired. Coconut oil primarily
consists of approximately 92% saturated fatty acids
(SFA), out of which nearly 63% is MCFA [17]. This
makes coconut oil a good source of ketones. In addi-
tion, the antioxidant properties of virgin coconut oil
(VCO) due to its high polyphenolics content make it a
functional food beneficial against oxidative stress and
related chronic diseases such as cardiovascular dis-
ease and neurodegenerative disorders [18-20]. The
production of VCO using extraction under cold con-
ditions makes it a rich source of antioxidants, mainly
polyphenolics, compared to refined, bleached, and
deodorized (RBD) coconut oil made with copra [21,
22]. The major phenolic acids detected in VCO are
ferulic acid and p-coumaric acid, which are capable
of attenuating the oxidative stress associated with
AD and combating inflammation [23]. Moreover,
in rat models, the polyphenolic fraction of VCO
has showed more inhibitory effect on microsomal
lipid peroxidation compared to that of copra oil [22,
24]. Thus, VCO supplementation is recognized as a
potential therapeutic dietary approach to combat AD
and associated cardiometabolic risk factors, due to
its excellent ketogenic and antioxidative properties
[25-27].

Anecdotal reports from Dr. Mary Newport sug-
gested that addition of extra-VCO into the diet of her
husband, who had AD, improved his cognition and
interaction with family [28, 29]. In addition, a semi-
synthetic preparation of fractionated triglycerides,
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predominantly caprylic acid derived from coconut oil
and named “Axona®”, has shown some beneficial
effects in individuals with AD [7, 30, 31]. Devel-
opment of dietary remedies with VCO in terms of a
nutritional supplement or a medical food is an emerg-
ing industrial approach. Although these findings
triggered more attention towards investigating VCO
as a therapeutic approach in the treatment of AD, this
research is still at its infancy and the published sys-
tematic clinical trials on the use of VCO in AD is
limited. Determination of the effects of genetic risk
factors such as presence of apolipoprotein E (APOE)
&4 allele is crucial to the development of successful
personalized therapeutic strategies for optimal ben-
efits [32]. There is controversy with regard to the
effects of coconut oil in particular on serum lipids,
where controlled trials comparing coconut oil and
polyunsaturated oils have suggested that coconut oil
tends to raise plasma low density lipoprotein choles-
terol (LDL-C), high density lipoprotein cholesterol
(HDL-C), and total cholesterol (TC) [33]. However,
there have been several studies with VCO demon-
strating it does not increase LDL-C [34-36]. A
controlled trial comparing intake of extra VCO, extra
virgin olive oil, and butter found that the effect of
extra VCO on LDL-C was more comparable to that
of extra virgin olive oil [34].

The objectives of this research were to investi-
gate the effects of VCO on cognition in individuals
with mild-to-moderate AD (VCO-AD Study) and to
investigate the association of APOE genotype on the
changes in cognition. In addition, the effect of VCO
on lipid profiles and HbA1 C levels was also deter-
mined.

MATERIALS AND METHODS
Study design

The VCO-AD study is a double-blind random-
ized placebo-controlled trial. Study protocol is shown
in Fig. 1. Ethical approval was obtained from the
Ethics Review Committee of the Faculty of Medicine,
University of Kelaniya, Sri Lanka, and this research
has been registered at the Sri Lanka Clinical Trials
Registry (Reg. no. SLCTR-2015-018, Reg. date 15
September 2015).

Farticipants

The study population was Sri Lankan older adults
including males and females with mild-to-moderate

AD, who were 65 years or older. Participants were
recruited from the Psychiatry Clinics of North
Colombo Teaching Hospital, Ragama and Lanka
Alzheimer’s Foundation, Colombo 10 (residents of
Colombo and Gampaha districts, Sri Lanka). Both
participants and their next of kin caregivers pro-
vided informed consent prior to be enrolled into the
study. The diagnosis of probable AD was made by
clinicians based on the National Institute of Neu-
rological and Communicative Disorders and Stroke
and the Alzheimer’s Disease and Related Disorders
Association (NINCDS/ADRDA) criteria [37]. The
Mini-Mental State Examination (MMSE) [38] was
conducted and those with a MMSE score between
15 and 25 were selected. A total of 120 partici-
pants were recruited [males: n=42 (35%), females:
n="78 (65%)], and randomly allocated to each of the
treatment and control (placebo) groups (n=60 for
each group). Allocation concealment was maintained
throughout the study.

Participants with a history of Parkinson’s disease,
head injury, stroke or radiological evidence of vas-
cular cognitive impairment, untreated diabetes or
thyroid disorder and probable Korsakov’s syndrome
or other known cause of dementia were excluded.
Moreover, participants with significant depressive or
psychotic disorders and those who were currently par-
ticipating in other similar types of trials or had a habit
of consuming VCO were also excluded.

Intervention

The treatment group was administered a total of
30 mL/day of VCO orally in liquid form of the oil
and the control group had the same amount of canola
oil as placebo. The oil was given to the participant by
the caregiver in two 15 mL doses, one in the morning
and one in the evening with a meal or before a meal
for 24 weeks.

Data collection tools and measurements

The MMSE and executive clock drawing task
(CLOX) [39] were performed to assess the cogni-
tion of the participants on the date of recruitment
(baseline) and at the end of the intervention (after
24 weeks) by a blinded rater. Information was
collected on socio-demographic and lifestyle charac-
teristics, physical activity level and medical history
for chronic disorders and family history for AD.
The retrospective information collected from partic-
ipants was verified for accuracy by the participant’s
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Fig. 1. Flow diagram of the double-blind randomized placebo controlled trial to investigate the effect of consumption of 30 mL/day of VCO
for 24 weeks on the cognition of individuals with mild-to-moderate AD (VCO-AD Study).

next of kin caregiver. The nutritional status of the
participants was assessed using the Mini Nutri-
tional Assessment tool (MNA) [40]. Anthropometric
measurements of height, weight, mid-upper arm cir-
cumference (MUAC), and calf circumference were
measured following the World Health Organization’s
(WHO) standard procedures [41].

Dietary data was collected using an interviewer
administered 24-h recall and a self-administered 5-
day diet diary. A 24-h recall was taken with the
support of the next of kin caregiver at baseline and
the information was used to identify the usual dietary
energy and nutrient intake. With the aim of maintain-
ing the same usual dietary energy and fat intake of
the participants during the intervention period, they
were advised to cut down a similar amount of fat to the

treatment therapy from their diet (30 mL/day), while
not making any drastic changes to their usual dietary
pattern. A self-administered 5-day diet diary with the
support of the next of kin caregiver was collected
during the 10™ and the 12" week after initiating
the intervention (mid-point). Information collected
on the 5-day diet diaries was used to assess the dietary
energy and nutrient intake of participants during the
intervention.

Blood samples were collected following the stan-
dard WHO guidelines for drawing blood [42]. A
total of 5mL of blood was collected after a 12-h
fast for lipid and glucose measurements at baseline,
mid-point, and post intervention. Fasting lipid pro-
file [TC, triglycerides (TG), HDL-C, LDL-C, very
low-density lipoprotein cholesterol (VLDL-C), and
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total cholesterol/HDL-C ratio] was measured by the
Siemens Dimension® EXL™ analyzer and fasting
glycated hemoglobin (HbA1 C) level was measured
using the standard High-Performance Liquid Chro-
matography (HPLC) method at baseline and post
intervention. Fasting lipid profiles were also mea-
sured in the blood samples taken at the mid-point
(12" week) to verify if there were any adverse
changes which could indicate VCO (or canola oil)
intake was unsafe for the participant to continue
the intervention. In addition, full blood count, liver
function tests, urine full report, blood urea level,
serum electrolytes, serum creatinine level, thyroid
stimulating hormone level, and blood picture were
taken at baseline to determine the presence of any
other potential diseases or risk factors. Lipid profile,
HbA1C levels as well as all other blood investiga-
tions were performed at the accredited laboratory of
Hemas Hospital, Wattala, Sri Lanka. APOE genotype
was determined using standard polymerase chain
reaction and restriction enzyme digest techniques
at the accredited laboratory of Genetec Molecular
Diagnostics and School of Gene Technology, Sri
Lanka. Amplification refractory mutation system-
polymerase chain reaction (ARMS-PCR) techniques
were performed for APOE haplotypes; €4, €3, and 2
on blood samples [43].

Data analysis

Information on the 24-h recall and 5-day diet
diaries were analyzed using a modified version of
the “Foodbase 2000” software (The Institute of Brain
Chemistry and Human Nutrition, UK) with nutrient
compositions of Sri Lankan dishes [44].

Statistical analyses were performed using the Sta-
tistical Package for the Social Sciences version 27.0
(SPSS Inc, Chicago, Illinois, USA). The analy-
ses were adjusted for confounders such as severity
of disease and co-morbidities. The data was not
normally distributed and the significant differences
between treatment and control groups were com-
pared using Chi-square test and Mann-Whitney U
test, while, within group variations were compared
using Wilcoxon signed rank test.

RESULTS

Out of 120, 43 participants in the treatment group
(males: 11, female: 32) and 41 in the control group
(males: 18, females: 23) completed the study. The
dropout rate was 30%, which included 28% from the

Table 1
Socio-demographic and lifestyle characteristics

Characteristics Total participants

% (n)

Gender — Female 65.5 (55)
Civil status — Married 92.9 (78)
Ethnicity

Sinhalese 85.7(72)

Sri Lankan Tamil 8.3(7)

Other 6(5)
Educational level

Primary education 5.9(5)

Secondary education 76.2 (64)

Higher education 17.9 (15)

Currently employed 3.6(3)

Previously employed 71.4 (60)
Monthly income (prior to retirement)
LKR < 30000 48.8 (41)
LKR > 30000 22.6 (19)
Currently smokers 3.6(3)
Currently alcohol consumers 16.7 (14)

LKR, Sri Lankan rupees (1 LKR is equivalent to 0.0034 US dol-
lars).

treatment group and 32% from the control group.
There was no significant difference in attrition rate
between the groups. The reasons for dropout in both
groups were AD individuals’ or their family mem-
bers’ commitment problems (treatment group: 10,
control group: 11), mobility difficulty and frailty
impacting on clinic visits (treatment group: 1, con-
trol group: 0), concerns related to the risk of coronary
heart disease (treatment group: O, control group: 1),
disliking the taste of the oils (treatment group: 3,
control group: 7) and loose stools after having VCO
(treatment group: 3, control group: 0). The mean age
(£ SD) of the participants was 74 &£ 7 years and the
age at onset of AD was 72 £ 6 years. The majority
wereretired at the time of the assessment with an aver-
age monthly income (£ SD) of 55,136 £ 88,395 LKR
suggestive of a middle-income group in Sri Lanka.
The socio-demographic and lifestyle characteristics
of the participants are shown in Table 1.

Nutritional status, physical activity level, and
medical history

Based on the BMI scores, the majority of the par-
ticipants were overweight or obese according to the
Asian-Pacific cut-off points for BMI, and based on
the MNA scores, the majority had normal nutritional
status. Most of the participants were sedentary (< 600
Metabolic equivalents; MET). There was no signifi-
cant difference in the nutritional status and physical
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Table 2
Nutritional status and physical activity level
Characteristics Treatment Control Total p*
% (n)
MNA 0.703
Normal nutritional status 72.1 (31) 68.3 (28) 70.2 (59)
At risk of malnutrition 27.9 (12) 31.7(13) 29.8 (25)
BMI 0.224
Underweight (< 19 kg/m~2) 16.3 (7) 4.9 (2) 10.7 (9)
Normal weight (19-23 kg/m~=2) 37.2 (16) 46.3 (19) 41.7 (35)
Overweight/ obese (>23 kg/m~2) 46.5 (20) 48.8 (20) 47.6 (40)
MUAC 0.343
<2lcm 4.7(2) 2.4 (1) 3.6(3)
21-22 cm 9.34) 24 (1) 6.0 (5)
>22 cm 86.0 (37) 95.1 (39) 90.5 (76)
Physical activity level 0.298
Low (<600 MET min/week) 65.1 (28) 51.2(21) 58.3 (49)
Moderate (600 - 3000 MET min/week) 34.9 (15) 46.3 (19) 40.5 (34)
High (> 3000 MET min/week) 0(0) 24 (1) 1.2 (1)

#Chi-square test, significant level of 5%. BMI, body mass index; MET, metabolic equivalents; MNA,
Mini Nutritional Assessment; MUAC, mid upper arm circumference.

activity level between the treatment and the control
group (Table 2).

Participants diagnosed with chronic diseases
included those with hearing impairment (13.1%),
visual impairment (36.9%), ischemic heart disease
(15.5%), hypertension (41.7%), diabetes (29.8%),
hypercholesterolemia (34.5%), peptic/gastric ulcers
(2.4%), respiratory disease (3.6%), and depression
(7.1%). These disease conditions were all in clinically
well managed stages with or without medication.
Thus, the participants at entry into the study were rela-
tively healthy with normal clinical parameters for full
blood count, liver profile, serum electrolytes, serum
creatinine, blood urea, thyroid stimulating hormones
and urine full report and there were no significant
differences between treatment and control groups.

Dietary intake of energy and nutrients

There was no difference of pre-intervention as
well as during the intervention (diet + oil supplement)
dietary intake between the treatment and the control
groups, except that in the treatment group, the sat-
urated fat intake during the intervention was higher
compared to the control group (Table 3).

Both pre- and during the intervention, the mean
energy and protein intake of the participants was
lower than their Recommended Dietary Allowance
(RDA) [45]. Percentage calories derived from car-
bohydrate, protein and fat in the diet were at the
recommended levels. However, the amount of satu-
rated fat intake was higher than the recommendation
[46]. Prior to the intervention, only 21% and 42% of

the participants in treatment group and 10% and 32%
in the control group met the RDA for energy and pro-
tein, respectively. During the intervention, only 21%
and 30% of the participants in the treatment group
and 23% and 34% in the control group met the RDA
for energy and protein intake, respectively. Energy
and fat intake (diet+ oil supplement) of the treat-
ment (energy: p=0.001, fat: p=<0.001) and control
(energy: p=<0.001, fat: p=<0.001) groups during
the intervention was significantly higher than the pre-
intervention intake, due to the oil supplementation.

APOE genotypes and family history for AD

Among the participants in the treatment and the
control groups, 48.8% and 65.9% respectively, had
an APOE &4 allele, and there was no significant dif-
ference between the groups (p =0.115) (Fig. 2). Most
prominent genotype was £3/eg4. The majority of both
the treatment and the control groups (77.4%) did not
have a family history for AD.

Change in cognitive scores, lipid profile, and
HDbAI C levels

Cognitive scores, lipid profile and HbA1 C levels
during the intervention (Change = post-intervention
result — baseline result) did not significantly differ
between treatments; VCO and control (canola oil)
groups (Table 4).

Among the participants who were taking VCO,
post-intervention TC (-6.7 mg/dL, p =0.005), LDL-
C (-10.4 mg/dL, p=0.001), and TC/HDL-C ratio
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Table 3

Pre- and during the intervention dietary intake of energy, macro- and micro-nutrients

Characteristics

Pre-intervention (Mean 4 SD)

During the intervention (Mean %+ SD)

Treatment Control pr Treatment Control pr
Energy (kcal) 1523 + 442 1483 + 511 0.737 1687 + 370 1660 + 326 0.995
Protein (g) 479 £10.7 478 £154 0.594 458 +9.2 465+ 123 0.750
Fat (g) 48.1 £19.9 449 £+ 17.6 0.246 725+ 104 703 £11.8 0.305
Carbohydrate (g) 239.5 £ 784 237.4£99.9 0.876 2277+ 744 225.6 £ 66.4 0.867
Cholesterol (mg) 136.9 £+ 109.6 1254 £ 111.6 0.588 1123 £79.7 113.3 £ 103.4 0.517
Calcium (mg) 489.7 £203.5 449.8 £ 1954 0.436 4554 +£142.3 4419 +£221.4 0.529
Magnesium (mg) 252.8 £ 140.8 211.3 £949 0.202 2553+ 1254 2139 £ 1254 0.127
Iron (mg) 10.7 £ 6.9 9.4 +3.1 0.485 10.1 £4.3 103 £7.0 0.692
Zinc (mg) 6.6+24 6.6 25 0.833 6.5+£19 64+23 0.453
Copper (mg) 1.6 £0.8 1.5+0.8 0.840 1.6 £0.7 1.5+£0.6 0.569
Thiamine (mg) 1.1+£22 0.7£05 0.088 0.8 £0.6 0.7+£0.2 0.411
Riboflavin (mg) 22495 1.0+£2.0 0.081 1.1£22 08 +0.5 0.453
Niacin (mg) 172 £58 16.5+£ 6.7 0.426 162+44 16.5+54 0.904
Vitamin B6 (mg) 1.2+038 1.0+ 0.4 0.275 12+£07 1.0£0.5 0.285
Vitamin B12 (g) 3.1+29 23+1.6 0.320 3.1+£20 29+34 0.262
Folate (pg) 217.5 £ 110.1 204.7 £122.8 0.601 239.9 £ 112.8 205.3 £ 1459 0.052
Vitamin C (mg) 30.0 £+ 30.5 30.9 £ 30.0 0.764 322+ 188 355+353 0.648
Retinol (jg) 494.1 +£324.8 399.0 £ 273.2 0.202 529.9 £ 362.7 492.9 + 826.1 0.138
Vitamin D (pg) 35+45 24+25 0.460 33+28 28+24 0.435
Vitamin E (mg) 1.9+1.0 1.5+0.7 0.135 2.1+12 1.7+£0.8 0.126
Fat (%) 284+72 275+170 0.684 38.6+53 37.8+£5.0 0.606
Protein (%) 129 +2.1 132 £33 0.837 104+1.2 10.8 £2.5 0.705
Carbohydrate (%) 588+73 59.5+9.2 0.632 504 £ 64 51.0+6.7 0.635
Saturated fat (%) 16.6 £ 6.0 16.6 £5.8 0.939 272 +4.1 142 +£40 <0.001*
TMann-Whitney U test, significant level of 5%, *p <0.05.
70 65.9
” > 48.8 312
S 30 419 44.2
40 317 341
8 30
5
A~ 20
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10 l 24 o 24 4.7
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Fig. 2. APOE genotypes in the treatment and the control groups. APOE &4 (+), presence of APOE &4 allele; APOE &4 (—), absence of APOE

&4 allele.

(0.4, p=0.001) decreased significantly, while HDL-
Clevel (2.2mg/dL, p=0.011) increased significantly
compared to the baseline (Table 4). Among the partic-
ipants who were taking canola oil, post-intervention
TC (-5.5mg/dL, p=0.020), LDL-C (-5.9 mg/dL,
p=0.028), TC/HDL-C ratio (-0.2, p=0.009), and
HbA1 C level (-0.1 mg/dL, p=0.040) decreased sig-
nificantly and HDL-C level (1.3 mg/dL, p=0.040)
increased significantly, compared to the baseline.
Among the participants who were taking VCO, the
MMSE score was significantly increased in APOE &4

carriers (2.37, p=0.021) compared to non-carriers
(Table 5). This difference was mainly due to the
decline in the MMSE score of APOE &4 non-carriers
in the VCO group. Among the participants who were
taking canola oil, there were no significant difference
in the MMSE scores between APOE &4 carriers and
non-carriers. However, when comparing irrespective
of APOE &4 status there was no significant difference
observed between the treatment and control group in
the MMSE or other cognitive parameters at the end
of the trial. There was also no significant difference
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Change in cognitive scores, lipid profile and HbA1 C levels by VCO and canola oil

Test VCO Canola oil Change
(Mean £ SD) (Mean + SD) (Mean £+ SD)
Pre- Post- Pt Post- Pt Treatment Control p
intervention  intervention intervention  intervention group group
MMSE 20+4 205 0.717 21+3 21+3 0.139  0.02x3.27 0.58+3.24 0.504
CLOX 3+1 3+£1 0.313 3£1 0.830 -0.12£0.66 0.02+£0.99 0.209
TC (mg/dL) 2063 £51.0 199.6 £44.7 0.005* 191.2+46.0 185.7+36.8 0.020* -6.7+273 -55+£169 0.334
TG (mg/dL) 1049 £43.0 1092+428 0.894 1164+351 112.0+344 0.077 42+£288 —44+225 0.151
HDL-C (mg/dL) 447+74 469+59 0.011* 435+£5.1 448+56 0.040* 22+6.0 1.3+£40 0371
LDL-C (mg/dL) 1412 £484 1308 +£41.5 0.001* 125.0+334 119.0+334 0.028 -104+£257 -59+17.5 0.126
VLDL-C (mg/dL)  20.9 £+ 8.6 220£87 0536 232+7.1 219+£69  0.075 1.1+£5.7 -1.4+6.0 0.059
TC/HDL-C 47£12 43+10  0.001* 44+10 42+0.8  0.009* -04+06 -02+£05 0221
HbA1C (%) 6.1 £0.8 6.1 £0.8 0.076 63+£1.1 62+10 0.0400 -01+03 -0.1+£03 0.610

TMann-Whitney U test, significant level of 5%; Wilcoxon signed rank test, significant level of 5%; *p<0.05. CLOX, Clock Drawing Task;
HbA1 C, glycated hemoglobin level; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; MMSE,
Mini Mental State Examination; SD, standard deviation; TG, triglycerides; TC, total cholesterol; TC/HDL-C, total cholesterol/ high density
lipoprotein cholesterol ratio; VLDL-C, very low-density lipoprotein cholesterol.

in the lipid profile and HbA1 C levels between the
treatment and control groups.

DISCUSSION

This double-blind randomized placebo-controlled
trial investigated for the first time the effect of VCO
on the cognition of individuals with mild-to-moderate
AD. Oral administration of 30 mL of VCO daily for
24 weeks did not change the MMSE and CLOX
scores of individuals with mild-to-moderate AD com-
pared to administration of canola oil. The MMSE
scores, however, did improve in the APOE &4 group
compared to the non APOE &4 group in the VCO
treated group.

These findings differ from the study which reported
that adjunctive oral administration of extra-VCO
(20 g/day) positively influenced the cognitive perfor-
mance of individuals with AD when administered
for 6 weeks [35]. However, the sample size of the
Gandotra et al., was 31 individuals with moderate-
to-severe AD and comparisons were made on the
basis of ADAS-Cog measures at baseline, 2, 4, and
6 weeks. Another study demonstrated improvement
in the cognitive status of individuals with AD mea-
sured by the Mini-Examination Cognitive of Lobo
after a dose of 40 ml/day of extra-VCO for 3 weeks
alongside a Mediterranean diet [47].

The MMSE scores of APOE &4 carriers in our
study improved when treated with VCO. In con-
trast, the MMSE score in the APOE &4 non-carriers
declined. The literature in this context is inconsistent.
A study on multidomain intervention (diet, exercise,
cognitive training, and vascular risk management) to

prevent dementia has also concluded that the bene-
fits are more pronounced in APOE &4 carriers [48].
APOE &4 carriers have also benefitted more from
an exercise intervention to preserve cognitive perfor-
mance of individuals with AD [49] and from an acute
high-fat feeding therapy (50% total fat, 25% saturated
fat, glycemic index >70) with cognitively impaired
adults [50]. Contrary to these findings, Reger and col-
leagues have shown an improvement in ADAS-Cog
test scores and paragraph recall only in individuals
who were APOE &4 non-carriers, although produc-
tion of ketone bodies (beta-hydroxylbutyrate) after
MCT supplementation was higher among the indi-
viduals with AD who carried the APOE &4 allele
[7]. This demonstrates that even though ketone pro-
duction was higher in APOE &4 carriers, APOE &4
non-carriers may have utilized the ketones more effi-
ciently. In another study, ADAS-Cog test scores were
also improved by a ketogenic agent (AC-1202) only
inindividuals with AD who are APOE &4 non-carriers
[51]. APOE &4 carriers were also identified to be
resistant to drug therapies to improve cognition in AD
[52-54]. It is also interesting to note that in our study
the control group had more APOE &4 non-carriers
compared to the treatment group. It is unlikely though
this difference alone could have accounted for a lack
of difference in the control group. Overall, the exact
mechanisms of the interplay between APOE &4 sta-
tus, ketones, and cognition in AD are not clear.
However, it is heartening that this intervention with
VCO did not significantly change the TC, TG, HDL-
C, LDL-C, VLDL-C, TC/HDL-C ratio, and HbA1C
levels of the individuals with mild-moderate level AD
compared to canola oil. Supplementation with both
VCO and canola oil did not compromise lipid param-



M.G. Fernando et al. / Virgin Coconut Oil for Alzheimer’s Disease 1203

Table 5

APOE &4 status and change in cognitive scores, lipid profile and HbA1 C levels by VCO and canola oil

Test (Change) VCO (Mean + SD) Canola oil (Mean & SD)
APOE 4(+) (n=21)  APOE &4(-) (n=22) pr APOE 4(+) (n=26)  APOE £4(-) (n=15) pr

MMSE 1.2+28 -1.1£3.3 0.021* 02+34 1.3£29 0.887
CLOX -0.3+0.6 0.0+0.7 0.177 -0.0£0.8 0.1+1.3 0.617
TC (mg/dL) -84 1272 -5.1£28.0 0.971 -7.0£ 159 -2.7+19.0 0.357
TG (mg/dL) 1.7 £36.2 6.6 +20.0 0.082 -6.1 £22.3 -1.1+£233 0.573
HDL-C (mg/dL) 2.1 +6.2 234+6.0 0.884 0.8 +4.6 23+19 0.288
LDL-C (mg/dL) -12.0£249 -8.9 +£269 0.874 -6.5+17.9 -48+173 0.630
VLDL-C (mg/dL) 0.7+72 1.5+39 0.148 -1.9+£6.6 -0.2+438 0.690
TC/HDL-C -04+0.7 -04+£0.6 0.618 -0.2+0.5 -0.3+0.5 0.349
HbA1C (%) -0.0 £0.4 -0.1£0.2 0.315 -0.1£0.3 -02+02 0.225

TMann-Whitney U test, significant level of 5%; *p <0.05. MMSE, Mini-Mental State Examination; CLOX, Clock Drawing Test; HbA1 C,
glycated hemoglobin level; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TG, triglycerides; TC,
total cholesterol; TC/HDL-C, total cholesterol/ high density lipoprotein cholesterol ratio; VLDL-C, very low-density lipoprotein cholesterol;

SD, standard deviation.

eters and thus, VCO is safe to consume in terms of the
elevation of serum cholesterol levels in older adults
with mild-to-moderate AD.

Considerable debate surrounds the effect of
coconut oil on LDL-C. Coconut oil is predominantly
saturated fat (approximately 90%) and saturated fats
are known for increasing blood LDL-C level. A recent
meta-analysis of controlled trials looking at the effect
of coconut oil or VCO compared to polyunsaturated
or monounsaturated oils (non-tropical vegetable oils
such as sunflower oil, canola oil, corn oil, and vir-
gin olive oil) cautioned against the use of coconut oil
[33]. The authors did not attempt to separate out tri-
als where VCO was fed from those where coconut
oil was used. If one looks at VCO, our study is the
second study where VCO has been shown to lower
LDL-C while raising HDL-C, though the differences
between VCO and canola oil groups failed to reach
significance. In a previous controlled trial compar-
ing effects of feeding VCO to butter and olive oil,
LDL-C levels after VCO were comparable to olive oil
but significantly lower than with butter [34]. These
findings suggest that the effect of consuming VCO
on plasma lipids may differ from that due to copra
derived coconut oil.

Several other studies have also shown that dietary
supplementation with coconut oil does not cause
hyperlipidemia. In one study in obese women, feed-
ing coconut oil raised the plasma HDL-C levels and
lowered the TC:HDL-C ratio. In another study, con-
sumption of 30 mL of VCO for 8 weeks showed a
significant increase of HDL-C levels (5.72 mg/dL)
of healthy Thai adults compared to controls (2% car-
boxymethylcellulose solution) with no changes in TC
and LDL-C levels [55]. Compared to copra oil/ RBD
coconut oil, VCO has also demonstrated more favor-

able effects on blood cholesterol levels and LDL-C
oxidation with decrease of TC, TG, LDL-C, VLDL-
C, and increase of HDL-C levels in Sprague-Dawley
rats fed with oils for 45 days [22]. One possible expla-
nation is that VCO is richer in antioxidants and thus
exerts a positive effect on plasma lipids. In the same
study, polyphenol fraction from the oils were iso-
lated and in vitro LDL-C oxidation was assessed. The
results showed that the polyphenol fraction of VCO
prevented in vitro LDL-C oxidation with reduced car-
bonyl formation.

There were no significant differences in the socio-
demographic and lifestyle factors, dietary intake,
nutritional status, and physical activity level between
the groups. Thus, the randomization had minimal
impact from confounding factors. Nearly 60% of
the participants were sedentary, while others were
moderately active. MNA shows that 30% of the par-
ticipants were at risk of malnutrition, while nearly
10% were underweight (BMI, less than 19 Kg/m~2)
and MUAC was lower than 22 cm. Comparatively
similar evidence on malnutrition was reported by
another research from the Galle district of Sri Lanka,
in which, nearly 31% of the elders were malnourished
or at risk of malnutrition [56].

In the current study, the fat intake was significantly
higher than in the participant’s usual diet (27 g) due
to the oil supplementation, with no change in protein
and carbohydrate intake. Even though this accounted
for nearly a 14% increase in energy intake, the energy
and protein intake remained lower than the RDA
and only 22% and 34% of the participants met the
RDA for energy and protein, respectively. Adminis-
tration of 30 mL/day of VCO for 24 weeks, alongside
the daily diet of low calorie, low protein, and high
saturated fat, resulted in no adverse side effects in
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terms of blood lipid profile on individuals with mild-
to-moderate AD. Thus, incorporating a reasonable
quantity of VCO daily as a main dietary oil seems to
be a safe practice.

Limitations

The drop-out rate was 30% with no signifi-
cant differential attrition between groups. Due to
the sample size reduction, the statistical power
achieved was 80% (for the outcome of cognitive
assessment score-MMSE). Furthermore, the study
endpoint was an improvement in the MMSE and/or
in CLOX scores which are non-specific cognitive
outcomes and may not reflect improvements in spe-
cific cognitive domains including short term memory.
A more extensive cognitive battery such as The
Alzheimer’s Disease Assessment Scale-Cognitive
Subscale (ADAS-Cog) may have been useful to
detect subtle changes but would not have been feasi-
ble to use given the lack of a cultural and linguistically
adapted version in the Sinhalese and Tamil languages.
Changes in behavioral and psychological symptoms
of dementia and carer reports were not assessed.
The energy and fat intake in the background diet
was higher than the habitual diet (mainly due to the
calories and fat from the treatment and control oil
samples). These changes may have influenced overall
nutrition/ health of the subjects and thus, the interven-
tion results.

Future directions

A higher sample size as well as periodical
assessment of plasma ketone levels throughout the
intervention are useful to validate this relationship.
Moreover, research should be conducted with a
defined diet that matches the usual calorie intake
of the subjects, to exclude any effects on memory
and cognition due the changes in diet. In addition,
research can be conducted to identify the optimal
ketogenic diet ratios to generate a higher ketogenic
effect during the VCO therapy that will amplify
the benefits. Studies on VCO can also be con-
ducted to identify the most effective MCFA and
specific antioxidants in VCO which can be extracted
and concentrated to develop therapeutic products
such as medical food or supplements that are ben-
eficial. Furthermore, the role of ketones in the
treatment of more advanced dementia is not known
and those with advanced dementia particularly may
benefit from more ketones from their diet as glu-

cose utilization becomes increasingly impaired with
advanced AD.

Conclusion

Supplementation with oral VCO for 24 weeks did
not result in improvement in the MMSE and CLOX
scores in people with mild-to-moderate AD com-
pared to canola oil. An improvement in the MMSE
score was noted in the APOE &4 carriers but its inter-
pretation is unclear. Supplementation with VCO and
canola oil did not compromise lipid parameters and
is thus safe for consumption.
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