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Review

Abstract
INTRODUCTION: Alzheimer’s disease (AD) is a progressive 
neurodegenerative disease that is the most common form of dementia. 
There are currently FDA-approved symptomatic therapies for AD and 
a recently approved, potentially disease-modifying drug, Aducanumab; 
however, there are no curative or preventative therapies. Research 
suggests that diet may play a role in AD, but it is inconclusive relative 
to which dietary approach provides the most neuroprotective effects. 
There are other life-style approaches that have been found to possibly 
play a role in AD prevention/treatment. These include exercise, brain 
training, and social interaction. A combined approach may be more 
effective than any one modality alone. The ketogenic diet (KD) is one 
specific diet that has been studied vis a vis neurodegenerative diseases. 
Similar benefits to those of a KD can also be achieved through 
consuming a normal diet and supplementing with ketogenic agents. 
The purpose of this review is to compare the methods of inducing 
hyperketonemia and their impact on AD prevention/treatment, as well 
as to explore the possible benefits of a combined approach.
METHODS: The PubMed database was searched for clinical trials 
and randomized, controlled trials involving the KD or exogenous 
ketone administration and AD. Key search terms used included 
“ketogenic diet and Alzheimer’s disease,” “ketosis and Alzheimer’s 
disease,” “MCT and Alzheimer’s disease,” and “exercise and diet 
and Alzheimer’s disease.” Only studies involving patients diagnosed 
with AD were included in this paper, but for the combined approach 
section, studies included patients diagnosed with MCI due to a paucity 
of combined approach studies involving AD patients alone.
RESULTS: There is evidence that the KD and exogenous ketone 
supplementation may provide treatment benefits in AD patients. It is 
unclear whether one method is better than the other. The specific food 
composition of the KD should be considered, because certain types of 
fat sources are healthier than others. Many forms of the KD require 
strict monitoring of carbohydrate intake, which would often fall under 
the responsibility of the caregiver. Future studies may be more feasible 
in an institutional setting, where it would be easier to administer and 
to monitor a dietary protocol. Exogenous supplementation may be 
more likely to be adhered to as a long-term treatment, because the 
dietary changes are not as drastic. A multidomain approach may be the 
most effective in possibly preventing/delaying AD and in improving/
stabilizing and possibly slowing disease progression in those with AD.
CONCLUSION: Most current studies are small, often uncontrolled, 
and only look at the short-term effects of ketosis on cognition. Large, 
long-term, randomized, controlled trials relative to the impact of the 
KD in patients with cognitive impairment and AD are lacking and 
thus needed. Combined approaches may prove to be more beneficial 
in possibly preventing/delaying AD and in improving/stabilizing 
and possibly slowing disease progression in those with MCI or AD. 
Future research should investigate the effect of additional combined 
approaches relative to neurocognitive decline in AD patients. 

Key words: Ketogenic diet, Alzheimer’s disease, dementia, ketone 
bodies therapy.

Introduction

Alzheimer ’s disease (AD) is  a progressive 
neurodegenerative disease that is the most common 
form of dementia. It is currently the sixth leading 

cause of death in the United States, but it may be as high as 
the third leading cause among older adults (1). In 2020, an 
estimated 5.8 million Americans had AD. This number is 
predicted to increase to 14 million by 2060 (2). Currently, 
there are FDA-approved symptomatic therapies for AD and a 
recently approved, potentially disease-modifying treatment, 
aducanumab; however, there are no curative or preventative 
therapies (3). Other interventional methods may play a role 
in the management and/or prevention of AD, such as diet (4). 
Research supports the notion that diet plays a role in AD, but 
there are non-specific and conflicting conclusions relative to 
which dietary approach would provide the most neuroprotective 
effects (5). The ketogenic diet (KD) is one specific diet that has 
been studied vis a vis neurodegenerative diseases. Historically, 
the KD has been used in the treatment of epilepsy, but recent 
studies are suggesting that it may play a role in the treatment/
prevention of AD as well (6). Similar benefits to those of a 
KD can also be achieved through consuming a normal diet and 
supplementing with ketogenic agents, such as medium chain 
triglycerides (MCT). There are other life-style approaches, in 
addition to diet, that have been found to possibly play a role 
in AD treatment/prevention. These include good control of 
cardiovascular risk-factors such as smoking and hypertension, 
exercise, brain training, and social interaction. A combined 
approach involving one or more of these domains may be more 
effective than any one modality alone (7). The purpose of this 
review is to compare the methods of inducing hyperketonemia 
and their impact on AD treatment, as well as to explore the 
possible benefits of a multidomain approach. 

Ketogenic diet 

The “classic” KD consists of either a 4:1 or 3:1 ratio of fat to 
both carbohydrate and protein by weight. The 4:1 ratio provides 
90% of energy from fat, 2-4% from carbohydrate, and 6-8% 
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from protein, while the 3:1 ratio provides 85-90% of energy 
from fat, 2-5% from carbohydrate, and 8-12% from protein (8). 
For reference, the typical American diet derives 35% of energy 
from fat, 49% from carbohydrates, and 16% from protein (9). 
There are four types of dietary fat: saturated, monounsaturated, 
polyunsaturated, and trans-fat. Saturated fats are a type of 
fat that increase low-density lipoprotein (LDL) levels and 
risk for cardiovascular disease. They are found in foods such 
as full-fat milk, cheese, butter, fatty meat, and coconut oil. 
Monounsaturated and polyunsaturated fat consumption has a 
lower risk of cardiovascular disease and helps to lower LDL 
levels. These fats are found in nuts, avocado, olive oil, canola 
oil, vegetable oils, and fish (10).

Ketogenic diets normally consist of meat, fatty fish, eggs, 
butter, cream, cheese, nuts and seeds, oils, avocado, and non-
starchy vegetables (11). Those on a KD are also advised to 
avoid alcohol and all grains such as rice, pasta, and cereal. 
The strict carbohydrate restrictions often lead to little intake of 
fiber-rich foods such as fruits, starchy vegetables, legumes, and 
whole grains, which may be detrimental to overall health (12). 
There are currently no recommendations on which types of fat 
or how many total calories should be consumed in this diet. The 
general KD that is most often used in scientific studies limits 
carbohydrate intake to normally less than 30-50 grams per 
day (8, 13). This KD tends to result in ketosis; however, some 
individuals may need to consume even fewer carbohydrates 
to achieve this state. Ketosis is a state in which the metabolic 
fuel source switches from carbohydrates to ketone bodies. 
This can be induced by a low-carbohydrate diet. Ketosis may 
also be defined as a blood level of β-hydroxybutyrate of 0.3 
mmol/L (12). One of the effects that this can have on the 
brain is an increase in brain mitochondrial metabolism via an 
increase in hippocampal phosphocreatine/creatine ratio. The 
increase in ketone bodies may also lead to decreased brain 
reactive oxygen species (ROS) production. This is beneficial 
because neuroinflammation from ROS is often found in 
neurodegenerative diseases (13). 

Critics of the KD express concern that individuals on this 
diet consume high levels of saturated fat and processed meats. 
Consumption of these foods has been found to increase the risk 
of not only cardiovascular disease, but also cancer, diabetes, 
and even AD (8). Even though a KD may contain high levels 
of saturated fats, there is research to suggest that the KD does 
not have negative effects on metabolic health. For example, 
one study that is expanded on later in this paper showed that 
participants consuming a KD have decreased body weight, 
decreased HbA1C, and increased HDL (14). This discrepancy 
may be due to the difference in nature of fatty acids between 
types of KDs. The types of fatty acids consumed in a KD is 
determined by what foods the dieter is consuming. An example 
is that a KD can supply more essential fatty acids than a normal, 
carbohydrate-rich diet if the dieter chooses foods that are rich in 
them. Foods that are rich in essential fatty acids include cold-
water fatty fish, walnuts, and flaxseed. Higher consumption 
of these fatty acids has been associated with a lower AD risk 
(15). A possible explanation for this is these fatty acids may 
decrease inflammation in the brain and may play a role in 
nerve cell regeneration (16). Critics also point out that the 

KD is also known to cause several unwanted side effects that 
have collectively been termed the “keto flu.” This consists of 
nausea, vomiting, constipation, headache, and dizziness (17). 
These side-effects limit the utility of the KD because they can 
be highly detrimental depending on the age and health of the 
patient. 

In summary, a KD can be followed by consuming a majority 
of foods that increase risk for cardiovascular disease. On the 
contrary, a KD can be cardioprotective if most foods consumed 
are rich in monounsaturated and polyunsaturated fats. More 
studies are needed to investigate how the specific foods 
consumed as part of various KDs affect overall health and 
impact AD. 

Pathogenesis of AD and neuroprotective effects of 
ketones

The pathogenesis of AD involves brain anatomic changes, 
impaired glucose metabolism, ROS accumulation, and 
mitochondrial dysfunction. The AD brain is characterized by 
accumulations of amyloid β (Aβ) plaques and neurofibrillary 
tangles (18). The Aβ plaques are derived from amyloid 
precursor protein (APP) (18, 19). Neurofibrillary tangles are 
caused by hyperphosphorylation of the microtubule associated 
τ protein (18). Another aspect of AD is impaired glucose 
metabolism in the brain, or glucose hypometabolism (8, 20). 
Ketone bodies can serve as an alternative fuel source to glucose 
for the brain during this state. A randomized, controlled trial 
found that a high-glycemic index diet correlated with a higher 
cerebral amyloid burden; therefore, a KD may serve to help 
prevent insulin resistance (20, 21). The trial included data from 
128 cognitively normal older adults to assess the relationship 
between dietary glycemic measures and cerebral amyloid 
accumulation. The relationship between dietary glycemic 
measures and cognitive performance was also investigated. The 
participants completed a battery of neuropsychological tests 
consisting of the Mini-Mental State Exam (MMSE), Wechsler 
Adult Intelligence Scale-Revised (WAIS-R), the  Digit Symbol 
Substitution Test, Trail Making Tests A and B, The Category 
Fluency Test (animals and vegetables), the Stroop Color-Word 
Interference Test, the WAIS-R Block Design, and the total free 
recall score from the Free and Cued Selective Reminding Test. 
Participants provided their dietary data through the Web-based 
National Cancer Institute Diet History Questionnaire (DHQ) 
II, which involved providing the amount and frequency of 
consumption of 134 foods over the past year. Cerebral amyloid 
accumulation was assessed with positron emission tomography 
(PET) scans with an amyloid-specific ligand. From the DHQ 
II, dietary glycemic measures were based off daily intake of 
sugar and carbohydrates, glycemic load, and adherence to a 
high-glycemic-load diet (HGLDiet) pattern. The participants 
with greater amyloid levels were found to have a higher intake 
of sugar and carbohydrate and higher adherence to a HGLDiet. 
Sugar intake was associated with lower cognitive performance 
on the MMSE, Trail Making Test B, WAIS-R, Digit Symbol 
Test, and Block Design (21). 

An increase in ROS is another pathologic feature of AD (22). 
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Research suggests that low levels of carbohydrates can activate 
stress proteins, specifically GRP78 and HSP70, that decrease 
ROS and support mitochondrial activity (15). Mitochondrial 
dysfunction is another hallmark in the pathogenesis of AD. 
Protein analyses have shown that there is downregulation 
of oxidative phosphorylation in AD brains (23). Ketone 
bodies, β-hydroxybutyrate in particular, have been shown to 
decrease production of ROS by mitochondrial complex I. In 
addition, metabolism of ketone bodies increases expression 
of uncoupling proteins, which improves the efficiency of 
the electron transport chain in oxidative phosphorylation. 
Uncoupling proteins inhibit ROS production and reduce 
mitochondrial membrane potential. Ketogenic diets have also 
been shown to increase the NAD+/NADH ratio, which is 
important for oxidative phosphorylation and protects against 
ROS. During glycolysis, glucose reduces 4 molecules of 
NAD+, while oxidation of β-hydroxybutyrate reduces zero 
molecules of NAD+ (24). Overall, the KD has been found to 
play a role in several aspects of AD pathogenesis. 

Methods

The PubMed and ScienceDirect databases were searched for 
clinical trials and randomized, controlled trials involving the 
KD or exogenous ketone administration and AD. Key search 
terms used included “ketogenic diet and Alzheimer’s disease,” 
“ketosis and Alzheimer’s disease,” “MCT and Alzheimer’s 
disease,” and “exercise and diet and Alzheimer’s disease.” Only 
studies involving patients diagnosed with AD were included 
in the next two sections of this paper, but for the combined 
approach section, studies included patients diagnosed with MCI 
due to AD, secondary to a paucity of combined approaches 
studies involving AD patients alone.

Ketogenic diet and AD 

A recent, small, randomized, cross-over trial in New Zealand 
found that the KD improved daily function and quality of 
life in AD patients. The study included 26 patients who were 
between the ages of 50 and 90 and met the National Institute 
of Neurological and Communicative Diseases and Stroke/
Alzheimer’s Disease and Related Disorders Association 
(NINCDS-ADRDA) criteria for probable AD. Patients were 
randomized to either consume a modified KD for 12 weeks 
or a usual diet, with 13 patients in each group. The modified 
KD consisted primarily of eggs, meats, nuts, seeds, creams, 
natural oils, and green vegetables. The participants were 
provided with ketogenic recipes and guidelines. Participants 
were instructed to consume at least one serving of a breakfast, 
lunch, dinner, and side dish recipe each day. Guidelines also 
included consumption of at least 5 cups of water and adequate 
salt in order to avoid the dehydration and dizziness that can 
be caused by a KD. For the usual diet, patients were instructed 
to consume their regular diet and were provided with low-
fat healthy eating guidelines and optional recipes. After 
completing the first treatment period, the patients underwent a 
10-week washout period and then completed a second 12-week 

treatment period. The primary outcomes were mean, within-
individual, changes in cognition, daily function, and quality 
of life from baseline. These outcomes were measured by the 
Addenbrooke’s Cognitive Examination – III (ACE-III) scale, 
Activities of Daily Living (ADCS-ADL) inventory, and Quality 
of Life in AD (QOL-AD) questionnaire, respectively. The 
secondary outcomes were mean within-individual changes in 
cardiovascular risk factors, including weight, body mass index 
(BMI), HbA1c, triglycerides, HDL, LDL, and total cholesterol 
from baseline. Measurements of all outcomes were taken at 
baseline, week 6 of treatment, and week 12 of each treatment 
period. The patients consuming the KD had a non-significant 
change from baseline in cognition as measured by the ACE-
III but exhibited significant improvement in activities of daily 
living and quality of life, as measured by the ADCS-ADL and 
QOL-AD. In addition, the KD group had statistically significant 
decreases in weight, BMI, and HbA1c levels compared to 
baseline. They did not show a change in triglycerides, and 
they had statistically significant increased levels of HDL 
from baseline, which is favorable for cardiovascular health. 
On the contrary, their LDL and total cholesterol levels also 
significantly increased from baseline, which is not favorable 
for cardiovascular health. It is of note that half of the patients 
planned to continue consuming a KD after the study (14). This 
suggests that a KD can be palatable to AD patients and may 
provide improvements in cognition and quality of life. 

A small pilot trial that was a single-arm study found that 
a KD supplemented with MCTs led to improvements in the 
Alzheimer’s Disease Assessment Scale-Cognitive subscale 
(ADAS-Cog) scores in AD patients with mild dementia. The 
study involved 15 patients, each with a trial partner, who had 
a clinical dementia rating (CDR) of very mild AD (CDR 0.5), 
mild AD (CDR 1), or moderate AD (CDR 2). The mean age of 
the patients was 73.1 ± 9.0 years. There were 7 patients with 
very mild AD, 4 patients with mild AD, and 4 with moderate 
AD. The patients consumed a MCT oil supplemented KD for 
three months and then returned to consuming their normal 
diet for one month as a washout period. The goal ketogenic 
ratio for the diet was 1:1 lipid to nonlipid consumption and 
the goal macronutrient ratio was 70% of energy from fat, 20% 
from protein, and less than 10% from carbohydrates. Total 
energy intake and daily MCT dosage was determined using the 
Mifflin-St. Jeor equation. The MCT supplement consisted of 
a combination of C8:0 and C10:0 fatty acids. During the first 
week, the MCT supplement contributed to about 10% of total 
caloric intake. This was increased by 10% each week thereafter 
until 40% of total energy intake was reached. Participants could 
choose between consuming the MCT oil by itself, or by mixing 
it with food or drink (25). The MCT oil was recommended 
to be consumed in coffee, along with another long-chain fat 
source like heavy cream, because that has been found to be 
most tolerable method of consumption (26). The participants 
who completed the study consumed 1.5-3 tablespoons of MCT 
oil per day, which was about 60-80% of the goal MCT volume. 
None of the patients reached the total goal MCT volume intake. 
Cognition was measured at baseline, at the end of the three-
month treatment period, and after the washout period. Results 
showed a statistically significant 4.1-point increase in ADAS-
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Cog scores after the treatment period compared to baseline. 
After the washout period, the patient’s ADAS-Cog scores 
reverted back to their baseline values. The participants were 
also administered the MMSE at the beginning of the study. 
MMSE scores also significantly increased from baseline to 
the end of the 3-month treatment period. The average MMSE 
score among the protocol adherent patients was 25.2 at baseline, 
26.3 at month 3, and 25.4 at the end of the washout period. It 
is of significance that five of the patients dropped out early 
in the study. This was due to the burden on the caregiver 
that the maintenance of a KD caused. Future studies should 
investigate methods to improve this burden. MCTs are not 
known to be palatable, and most of the patients in the study 
opted to mix their MCT oil with either food or beverage. This 
can serve to improve adherence to an MCT-supplemented KD 
in future studies and in potential practice. Furthermore, none 
of the patients reported having gastrointestinal symptoms from 
the diet, which is a common complaint of a KD (25). Thus, 
this pilot trial indicates that an MCT-supplemented KD may 
improve cognition in AD patients. The results of this study and 
the previous two studies are summarized in Table 1. 

Some critics of the KD argue that it is not healthy due to 
being high in saturated fat and low in fiber; however, Taylor 
et al. demonstrated in an additional study that the KD has the 
potential to be a nutritionally dense diet. The purpose of this 
study was to assess the changes in food quality from a baseline 
diet to an MCT-supplemented diet among the participants 
discussed in the previous study. The participants’ study partners 
completed 3-day food records at baseline, at month 1, and at 
month 2. At each study visit, a registered dietician reviewed 
the records with the participant and study partner. The food 
intake data was inputted into the Nutrition Data System for 
Research in order to compile food and nutrient consumption. 
Every week, a registered dietician called the participants and 
provided nutrition counseling based off the Ketogenic Diet 
Retention and Feasibility Trial (KDRAFT) guidelines. These 
guidelines included principles such as consuming eggs, dark 
meat poultry, fatty fish and unprocessed red meat for protein 
sources, and limiting processed meat. Regarding fat intake, 
extra virgin olive oil, avocado, olives, and whole nuts and 

seeds were recommended over consumption of nut and seed 
butters, bacon, and butter. The participants were advised to 
limit unsweetened, full-fat milk or yogurt to no more than ½ 
cup per day, but 1-2 servings of full-fat cheese was allowed. 
Furthermore, participants could consume unlimited amounts 
of nonstarchy vegetables, but were instructed to eliminate 
starchy vegetables from their diet. Patients were advised to 
decrease their fruit intake to only ½ cup of berries per day. 
The participants were also advised to eliminate refined and 
whole grains, and to replace these with almond or coconut 
flours. The guidelines also included elimination of sugar intake. 
Participants were also given a daily multivitamin, vitamin D, 
calcium, and phosphorous supplementation to ensure avoidance 
of nutrient deficiency. The results showed that the KD lead to 
greater consumption of olive oil, avocados, nuts and seeds, 
non- starchy vegetables, fresh fish, and seafood. The increased 
consumption of olive oil, avocados, and nuts and seeds led to 
an increased intake of monounsaturated fatty acids on the KD, 
which are one of the cardioprotective fats that were mentioned 
previously. There was no change in intake of polyunsaturated 
fatty acids between the two diets. An increase in this type 
of fat could be achieved in future studies by encouraging 
the consumption of walnuts, chia seeds, and fatty fish. The 
non-starchy vegetables that were found to be increased in 
the diet compared to baseline diet included kale, spinach, 
brussels sprouts, broccoli, and bell pepper. These vegetables 
are rich in micronutrients while being low in carbohydrates 
and calories. The non-starchy vegetable along with the avocado 
intake allowed for the high micronutrient content of the KD. In 
addition, the KD led to the removal of red meat, desserts, fried 
foods, and sugar-sweetened beverages from the diet, because 
the participants followed the KDRAFT guidelines. The reason 
for the elimination of red meat from the diet was unknown, 
because this was not eliminated in the diet guidelines. Because 
the goal of a KD is to produce ketones, the nutritional quality 
of the KD has not been a major emphasis of the diet guidelines 
in the past (26). A KD can be achieved by consuming less 
healthy foods such as processed fatty meat and full-fat dairy 
products; however, this provides less micronutrients and can be 
detrimental to cardiovascular health. This study illustrates that a 

Table 1. KD Studies in AD Patients
Type of Study Protocol Findings Reference
34 week, randomized cross-over trial • 26 patients between ages of 50-90 with 

probable AD
• Consumption of modified KD for 12 weeks

• Significant improvements in 
activities of daily living (ADCS-ADL) 
and quality of life (QOL-AD)

14

Case report • 71-year-old female with mild AD
• Consumption of low carb/high fat diet for 
10 weeks
• Physical exercise and cognitive training for 
10 weeks

• Significant increase in MoCA score
• Significant decreases in HOMA-IR, 
triglycerides, VLDL, and HgA1c

26

Single-arm pilot trial • 15 patients with CDR of very mild, mild, 
or moderate AD
• Consumption of MCT-supplemented KD 
for 3 months followed by normal diet for 1 
month

• Significant increase in ADAS-Cog 
score
• Significant increase in MMSE score

27
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KD can be a nutrient-dense diet.  

Exogenous ketone administration and AD

Another way to induce ketonemia is to supplement the 
normal diet with a ketogenic agent. This allows patients to 
consume their regular diet. This approach may have higher 
levels of adherence than the traditional KD, due to the 
restrictive nature and potential negative side effects of the 
traditional KD (17). However, similar negative gastrointestinal-
related side effects have also been reported from exogenous 
ketone supplementation (27). The clinical studies involving 
exogenous ketone supplementation in AD patients are 
summarized in Table 2. 

One way to induce hyperketonemia is with a ketone 
monoester. A ketone monoester is a dietary source of ketones, 
while MCTs are metabolized into ketones. Newport et al. 
reported the effects of the use of this agent in a 63-year-old 
male patient with younger-onset sporadic AD. Before the study, 
the patient was experiencing severe memory loss and was 
unable to complete activities of daily living. The patient took 
the ketone monoester three times a day for eight weeks and 
showed significant improvements in memory and was able 
to complete tasks that he was unable to before the therapy 
was started. His memory improvement consisted of increased 
memory retrieval and spontaneous discussion of events that 
had occurred more than a week earlier. The task improvements 
included showering, dressing self, brushing teeth, washing 
dishes by hand, and choosing and ordering food from a menu. 
Ketone monoester administration can increase ketone levels to 
an amount similar to levels induced by fasting, and research 
suggests that this may be more beneficial than the lower levels 
that are caused by MCT administration (28). 

MCT ingestion has been shown to be a safe way to induce 

ketonemia without requiring consumption of a KD (29). A 
study conducted by Henderson et al. investigated the effect 
of normal diet with daily MCT supplementation on cognitive 
performance in 152 patients with mild to moderate AD. The 
randomized, double-blind, placebo-controlled, parallel-group 
90-day study utilized the MCT agent AC-1202, which is unique 
from other triglycerides in that it can induce ketonemia in the 
presence of a normal diet. AC-1202 is an MCT comprised of 
glycerin and caprylic acid, an 8-carbon saturated fatty acid. 
It was administered in a powder formula that was 64% gum 
acacia, 33% AC-1202, and 2.6% syloid. The isocaloric placebo 
consisted of 51% gum acacia, 37% dextrose, 10% safflower oil, 
and 2% syloid. The treatment powder and placebo powder were 
packaged into 30-gram sachets. Each sachet was mixed into 
8 ounces of either water, milk, or juice before administration 
each day. It was found that the Ensure meal replacement drink 
helped improve tolerability of the agent, so instructions were 
modified to consume it with that. The participants consumed 
one sachet per day for the first seven days, and then consumed 
two per day after for the rest of the study. Administration of the 
AC-1202 agent resulted in a statistically significant decrease 
in ADAS-Cog scores compared to baseline in patients who 
were ApoE4(-)., but not in those who were APOE-4(+). (A 
decrease in ADAS-Cog score correlates with an improvement 
in cognitive performance). In these participants, the average 
baseline ADAS-Cog score was 21.9, and there was a 6.26 
decrease in score on Day 45 and a 5.33 decrease on Day 
90 (30). In 2009, AC-1202, or caprylidene, a proprietary 
formulation of caprylic triglycerides was approved by the Food 
and Drug Administration as the medical food Axona® (31). 

A randomized, double-blind, placebo-controlled study by 
Torosyan et al. found that supplementation with caprylidene for 
45 days led to increases in cerebral blood flow in 14 APOE4(-) 
AD patients. The study involved 16 subjects who had mild-to-

Table 2. Exogenous Ketone Supplementation in AD Patients 
Type of Study Protocol Findings Reference
Case Report • 63-year-old male with AD

• Consumption of ketone monoester three times 
a day for 8 weeks

• Improvements in memory and 
activities of daily living

30

Randomized, double-blind, placebo-
controlled, parallel group study 

• 152 patients with mild-to-moderate AD
• Consumption of AC-1202 for 90 days

• Significant decrease in ADAS-
Cog score in APOE4(-) patients

32
 

Randomzied, double-blind, placebo-
controlled trial 

• 14 patients with mild-to-moderate AD, with 8 
being APOE4(+) six being APOE4(-)
• Consumption of caprylidene for 45 days

• Significant increase in regional 
cerebral blood flow to the left 
superior lateral temporal cortex in 
APOE4(-) patients 

34

Randomized, double-blind, placebo-
controlled crossover study 

• 53 APOE4(-) mild-to-moderate AD patients
• MCT supplementation three times a day for 
30 days

• Significant decrease in ADAS-
Cog score

35
 

Double-blind, placebo-controlled trial • 20 participants with AD
• Single administration trial and chronic (12-
week) administration trial with Ketonformula®

• Significant increases in immediate 
and delayed logical memory tests at 
8 weeks compared to baseline
• Significant increases in the digit-
symbol coding test and immediate 
logical memory tests at 12 weeks 
compared to baseline

36
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moderate AD based on NINCDS-ADRDA criteria. Caprylidene 
was given to 14 of the subjects and a placebo was given to 
2 subjects. Out of the 14 subjects who received caprylidene, 
8 were APOE4(+) and six were APOE4(-). The average age 
of the APOE4(+) subgroup was 82.2 years ± 4.4 years, and 
the average was 79.4 ± 5.3 years for the APOE4(-) subgroup. 
The participants had two 15O-water PET scans administered 
on the first day of the intervention period and two scans 
after the 45 days of supplementation. One scan before either 
caprylidene or placebo consumption and one scan 90-minutes 
after consumption. The effects of caprylidene were found to be 
different in APOE4(-) patients compared to APOE4(+) patients. 
Significantly increased cerebral blood flow to the superior 
lateral temporal cortex was present in the APOE4(-) patients 
but not the APOE4(+) patients after 45 days of treatment. One 
proposed reason for this is that APOE4(-) patients are able to 
achieve higher ketone levels because APOE4(+) patients have 
decreased mitochondrial enzyme function (32). 

A study in China found that MCT supplementation 
three times a day for 30 days led to statistically significant 
improvements in the Chinese ADAS-Cog (ADAS-Cog-C). 
This MCT formula is different than caprylidene in that it is 
comprised of C8:0/C10:0 at a ratio of about 1:3. This study 
was a double-blind, randomized, placebo-controlled crossover 
study involving 53 mild to moderate APOE4(-) AD participants 
between the ages of 55 and 90 years old. There were 27 
patients assigned to the MCT jelly group and 26 to the placebo 
jelly group. The placebo was comprised of canola oil. The 
NINCDS-ADRDA criteria were used to diagnose AD and mild 
to moderate AD was defined by a MMSE score between 14 and 
24 and a CDR score between 0.5 and 2. The baseline ADAS-
Cog-C score for the intervention group was 21.5 and it was 
23.2 for the placebo group. The ADAS-Cog-C score decreased 
by 2.62 in the intervention group and increased by 2.57 in the 
placebo group (33). 

Ota et al. suggested in a double-blind, placebo-controlled 
trial followed by a 12 week, open-label extension that there may 
be a difference between single and continuous administration 
of MCT supplementation relative to cognition in AD patients. 
The protocol consisted of a single administration trial and a 
chronic (12-week) administration trial involving the ketogenic 
agent Ketonformula®. This formula consists of emulsified 
MCTs. There were 20 participants who were diagnosed with 

AD based on the NINCDS-ADRDA criteria. In the first trial, 
each patient came to the study center two times and received 
either the ketogenic formula or a placebo in a randomized 
sequence. The placebo consisted of emulsified long-chain 
triglycerides. Cognitive testing was performed before and 2 
hours after administration of both the ketogenic agent and the 
placebo. The tests used were the immediate logical memory 
test, delayed logical memory, digit span, and visual memory 
span from the Wechsler Memory Scale revised (WMS-R), the 
block-design and digit-symbol coding tests from the Weschler 
Adult Intelligence Scale (WAIS-III), the Trail Making Test 
(TMT), and the Stroop test. The results of the first trial did not 
show a statistically significant difference between cognitive 
scores after consumption of the ketogenic agent compared to 
consumption of the placebo. For the second trial, which was 
a longitudinal, open-label trial, 19 of the patients consumed 
the ketogenic agent daily as a supplement to their normal 
diet. The same cognitive tests were performed at baseline and 
weeks 4, 8, and 12. It is of note that 3 patients dropped out 
before the end of this trial due to complaints of diarrhea. This 
is the most common negative side effect of MCT consumption. 
Results for the second trial included statistically significant 
increases in immediate and delayed logical memory tests at 8 
weeks compared to baseline, as well as statistically significant 
increases in the digit-symbol coding test and immediate logical 
memory tests at 12 weeks compared to baseline (34). This 
small study supports the notion that a normal diet supplemented 
with a ketogenic agent may provide cognitive benefits in AD 
patients. 

Combined approaches
 

Evidence suggests that a combined approach to AD therapy 
may elicit stronger results, rather than diet alone. For example, 
the Finnish Geriatric Intervention Study to Prevent Cognitive 
Impairment and Disability (FINGER) was a 2-year multidomain 
double-blind randomized controlled trial to assess changes in 
cognition in at-risk older adults. The domains included were a 
diet, a physical exercise program, a cognitive training regimen, 
and a vascular risk monitoring schedule. There were 1260 
participants between the ages of 60-77 years old who had a 
Cardiovascular Risk Factors, Aging, and Dementia (CAIDE) 

Table 3. FINGER Study
Type of Study Protocol Results Reference
Double-blind, randomized 
controlled trial

• 1260 participants between 60-77 years old 
with CAIDE Score of 6 or higher
• Adherence to diet, exercise, and cognitive 
training for 2 years
- Diet: based on Finnish Nutrition 
Recommendations 
- Exercise: muscle strength training 1-3 
times/week and aerobic training 2-5 times/
week
Congitive training: 10-15 minutes - per day, 
3 times/week

• Significant increase in NTB score
• 83% higher executive function score 
compared to placebo group
• 150% higher processing speed compared 
to placebo group

7
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dementia Risk Score of 6 points or higher and whose cognition 
was screened at baseline using the Consortium to Establish a 
Registry for Alzheimer’s Disease (CERAD) neuropsychological 
test battery (NTB). The CAIDE score ranges from 0-15 points 
and is based on age, sex, education level, systolic blood 
pressure, BMI, total cholesterol, and physical activity. The 
CAIDE Dementia Risk Score is a validated tool that uses 
midlife vascular risk factors to predict late-life dementia risk. 
A score of 6 or more indicates the presence of modifiable risk 
factors (35). The primary outcome measure was a change in 
cognition, indicated by the NTB score. The participants were 
randomly assigned to either a treatment or control group, with 
631 and 629 participants in each, respectively. The treatment 
group underwent a diet, exercise, cognitive training, and 
vascular risk monitoring, and the control group received general 
health advice. Per protocol, both groups met the study nurse at 
screening, baseline, and at months 6, 12, and 24 to have blood 
pressure, blood work, BMI, and body circumference measured. 
For the intervention group, the diet aspect of the protocol was 
based on the Finnish Nutrition Recommendations. Members 
of this group attended individual and group sessions, where 
the participant’s personal diet and approaches to implementing 
lifestyle changes were discussed, respectively. The composition 
of the diet provided 25-35% of daily calories from fat, 45-55% 
from carbohydrates, 10-20% from protein, and 23-35 g/day 
of fiber. Specific fat recommendations included consuming 
less than 10% of total fat intake from saturated and trans fats, 
consuming 10-20% from monounsaturated fatty acids, 5-10% 
from polyunsaturated fatty acids, and 2.5-3 grams per day 
of omega-3 fatty acids. The intervention participants were 
also advised to consume less than 5 grams of salt per day 
and less than 5% of their total calorie intake from alcohol. 
Exercise regime for the intervention group consisted of muscle 
strength training 1-3 times per week and aerobic training 2-5 
times per week and was adapted from the Dose Responses to 
Exercise Training (DR’S EXTRA) study protocol. For cognitive 
training, participants completed group sessions on age-related 
cognitive changes and individual sessions on the computer. 
The computer sessions were divided into two, 6-month periods, 
and each period consisted of 10-15 minutes of training a day, 3 
times a week. The training was designed to improve executive 
processes, working memory, and mental speed. At the end 
of the 24 months, all patients completed the NTB again. The 
participants in the intervention group were found to have a 
statistically significant increase in NTB scores from baseline 
compared to the control group. Executive function scores were 
also found to be 83% higher in the intervention group than the 
control group and processing speed was 150% higher. There 
were not a lot of reported side effects, but the most common 
one was mild musculoskeletal pain from the exercise. This 
multidomain study suggests that a multifaceted approach to 
dementia can lead to robust results (7). A table summarizing 
this study is found in Table 3. It is also of note that the U.S. 
Alzheimer’s Association is currently funding a study similar to 
the FINGER study, the U.S. Pointer study, and the results are 
pending. 

High intensity interval training, or HIIT, combined with the 
KD may serve as an effective method to decrease cognitive 

decline. Research suggests that HIIT may improve insulin 
resistance when compared to continuous exercise training 
(36). A case study of a 57-year-old woman with comorbid 
mild cognitive impairment (MCI) and metabolic syndrome 
(MetS) involving a 12-week intervention of KD, HIIT, 
and memory training resulted in significant improvements 
in memory and metabolic markers. The diet was calorically 
restricted, low in carbohydrates, and high in fat. Every other 
week, the participant completed a 20-minute HIIT session, 
for a total of 6 sessions. At the end of the intervention, the 
participant showed improvements in triglycerides, HDL, and 
VLDL levels. Memory training was conducted through PEAK 
brain training games and the participant was assigned to play 
them on a mobile device five days per week. The patient 
exhibited improvements in the measured areas of problem 
solving, focus, memory, mental agility, and language (37). 
Improvement in insulin resistance is a desirable goal in AD 
patients because research suggests a link between diabetes and 
AD (38). Research suggests that diabetic patients have a 56% 
greater risk of AD (39). A KD along with physical exercise, 
specifically HIIT, may be an effective way to improve insulin 
resistance and decrease cognitive decline in patients with MCI. 

Morrill et al. reported a case of a 71-year-old female who 
was heterozygous for apolipoprotein E (ApoE4) with a dual 
diagnosis of mild AD/metabolic syndrome (MetS). ApoE4 is a 
gene that is involved in cholesterol transport in the brain, and 
the E4 allele is associated with defects in the receptor which 
causes amyloid plaque to accumulate in the brain (40). The 
patient was placed on a 10-week nutrition regimen, which 
included physical exercise and cognition training. Nutrition 
protocol consisted of a low carbohydrate/high fat diet and 
time restricted eating. For the exercise regimen, the patient 
walked on a treadmill while holding light hand weights for 
3-5 days per week for 30 minutes. Cognitive training involved 
daily use of the PEAK Brain Training Application. This is a 
mobile device application that includes games and puzzles. 
The training domains of this application include language, 
problem solving, mental agility, memory, and focus with the 
goal of strengthening frontal, parietal, occipital, prefrontal 
cortical, temporal, and hippocampal mediated functions. Her 
cognition was measured before and after the intervention period 
with the Montreal Cognitive Assessment (MoCA). Results 
showed a statistically significant improvement in the score 
from baseline, from 21/30 points to 28/30 points. The patient’s 
metabolic markers were also monitored before, halfway, and 
after the treatment. She had statistically significant decreases in 
homoeostatic model assessment of insulin resistance (HOMA-
IR), triglycerides, VLDL, and HgA1c (41). This case report 
serves as an example of the possible benefits of a combined 
approach in an AD patient.

Another notable combined approach is a modified 
Mediterranean KD (MMKD). Nagpal et al. compared the 
effects of a MMKD to the American Heart Association Diet 
(AHAD) in 17 patients with subjective memory complaints 
(SMC) or mild cognitive impairment (MCI). The MMKD diet 
was a low-carbohydrate, high fat diet consisting of lean meats, 
fish, and extra virgin olive oil. On the contrary, the AHAD diet 
was a high-carbohydrate, low fat diet that was comprised of 
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fruits, vegetables, and fiber-rich carbohydrate sources. This 
study also investigated the effect of diet on gut bacteria. It is of 
note that the participants with MCI had a lower level of fungal 
diversity than the SMC group at baseline, suggesting that the 
gut microbiome may be involved in MCI pathogenesis. The 
participants were randomly assigned to one of the diets and 
then completed a 6-week washout period before consuming the 
second diet for 6 weeks. Each participant completed a lumbar 
puncture and gave fresh fecal specimens at baseline and at the 
end of each diet. The results were that the MMKD participants 
showed improvements in cerebral perfusion, increased cerebral 
ketone body uptake, improvements in CSF biomarkers, and 
improvements in peripheral metabolic measures. The MMKD 
increased CSF Aβ42 levels, decreased CSF tau, and increased 
the CSF Aβ42/tau ratio (42, 43). (Levels of CSF Aβ42 are 
typically decreased in AD). Decreases in this biomarker 
are thought to indicate Aβ amyloid aggregation and plaque 
deposition and may be associated with brain atrophy (44). The 
study also found that the two diets affected the gut microbiome 
differently. The MMKD was found to increase fungal diversity 
in the MCI patients more than the SMC patients. This suggests 
that a modified KD may hold cognitive benefits and that the gut 
microbiome may play a role in cognitive impairment (42).

Conclusion

There is evidence that the KD and exogenous ketone 
supplementation may provide treatment benefits in AD patients. 
It is unclear whether one method is better than the other. 
Exogenous supplementation may be more likely to be adhered 
to as a long-term treatment, because the dietary changes are not 
as drastic. However, some studies reported negative side effects 
from the exogenous supplements, so these must be considered 
for future trials. The cost of exogenous supplementation is 
another factor that can affect the feasibility of the treatment. 
An obstacle to administering a KD to an AD patient is that 
it can create a burden on the caregiver. Many forms of the 
KD require strict monitoring of carbohydrate intake, which 
would often fall under the responsibility of the caregiver. 
Future studies involving the KD in AD patients may be more 
feasible in an institutional setting, where it would be easier 
to administer and to monitor (27). In addition, it is difficult 
to conduct research involving dietary approaches because 
many patients struggle to adhere to protocol, thus affecting 
results. Furthermore, most current studies are small, often 
uncontrolled, and only look at the short-term effects of ketosis 
on cognition. Large, long-term, randomized, controlled trials 
relative to the impact of the KD in patients at risk for or with 
mild cognitive impairment and AD are lacking and thus needed 
(45). Combined approaches may prove to be more beneficial in 
possibly preventing/delaying AD and in improving/stabilizing 
and possibly slowing disease-progression in those with MCI or 
AD. Future research should investigate the effect of additional 
combined approaches relative to neurocognitive decline in older 
adults and AD patients. 
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