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A B S T R A C T

The prevalence of Alzheimer's disease, a chronic neurodegenerative condition, is increasing as is the need for
effective treatments and preventions. The underlying pathology of Alzheimer's is not yet fully understood, so
existing research has focused on understanding the prominent features of the disease. These include amyloid
plaques, which accumulate in the brains of those with Alzheimer's disease; impaired glucose metabolism;
and neuronal cell death. Emerging evidence suggests that a low-carbohydrate, high-fat ketogenic diet may
help to mitigate the damage associated with these pathologies. The ketogenic diet could alleviate the effects
of impaired glucose metabolism by providing ketones as a supplementary energy source. In addition, this
diet may help to reduce the accumulation of amyloid plaques while reversing amyloid b toxicity. Research
has begun to identify early underlying mechanisms in Alzheimer's disease that could be targeted by new pre-
vention strategies. Glycation of the ApoE protein leads to impaired transportation of important lipids, includ-
ing cholesterol, to the brain, resulting in lipid deficiencies that could explain progression to the later
pathologies of the disease. In this review, we hypothesize that the ketogenic diet could be an effective treat-
ment and prevention for Alzheimer's disease, but both ketone production and carbohydrate restriction may
be needed to achieve this.

© 2018 Elsevier Inc. All rights reserved.
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Introduction

Alzheimer's disease (AD) is the leading cause of dementia, which
is estimated to affect as many as 24million people worldwide, a prev-
alence that is expected to double every 20 y [1]. Although there is lim-
ited understanding of the etiologic mechanisms behind AD, toxic
amyloid b (Ab) plaques and tangles in the brain are thought to cause
the progression of the disease, as autopsies show that these accumu-
late excessively in AD brains, resulting in heightened rates of cell
death [2]. For this reason, much research has focused on reducing
these plaques and tangles, but further evidence now points toward
neurometabolic issues as a potential underlying cause of both the pla-
ques and tangles, and the ultimate progression of AD [3,4]. To address
these metabolic issues, research has explored dietary interventions,
including the high-fat, low-carbohydrate ketogenic diet (KD) [5,6].
The KD could potentially target these metabolic issues while also pro-
tecting against the Ab plaques associated with AD. Increasingly, evi-
dence points to a combination of genetic risk and modern dietary
patterns as contributing factors in the early development of the
disease. This review explores various mechanisms through which the
KD could be useful in the development of treatments and prevention
strategies for AD.
Glucose and ketones in AD

Impaired glucose metabolism in the brain may be one of the
earliest hallmarks of AD; studies investigating young adults with a
high genetic risk for AD have found that these metabolic deficits
could be present as early as young adulthood, decades before the
onset of dementia [7]. For this reason, detection of brain glucose
hypometabolism via fluoro-2-deoxy-D-glucose positron emission
tomography imaging has been suggested as an effective early diag-
nostic tool for AD, with studies showing 90% sensitivity in identify-
ing AD [8]. This early impairment in glucose metabolism implies
that metabolic interventions could be effective in preventing or at
least inhibiting the development of the disease. It has been pro-
posed that ketone bodies (KBs), which are produced when adher-
ing to a KD, could be used to provide a supplementary energy
supply for the brain, increasing mitochondrial efficiency and cogni-
tive function [5,6]. This metabolic pathway involves the two KBs,
b-hydroxybutyrate (b-HB) and acetoacetate, bypassing glycolysis

http://crossmark.crossref.org/dialog/?doi=10.1016/j.nut.2018.10.003&domain=pdf
mailto:ian.shaw@canterbury.ac.nz
https://doi.org/10.1016/j.nut.2018.10.003
https://doi.org/10.1016/j.nut.2018.10.003
https://doi.org/10.1016/j.nut.2018.10.003
http://www.ScienceDirect.com
http://www.nutritionjrnl.com


G.M. Broom et al. / Nutrition 60 (2019) 118�121 119
to produce acetyl coenzyme A, which can then be channeled into
the Kreb's cycle and thus increase energy availability in the brain
(Fig. 1). Evidence suggests that brain ketone uptake is not impaired
in AD in the way that glucose uptake is [5], making it a viable alter-
native energy precursor. This supplementary brain metabolism is
the first mechanism through which the KD has been proposed to
help in the treatment and prevention of AD.

Effects of KDs on Ab plaques

In addition to modifying cellular metabolism, KBs are therapeu-
tic in protecting against production of toxic Ab plaques associated
with AD. Van der Auwera et al. [9] fed a KD to AD model transgenic
mice whereby accumulation Ab plaques is akin to AD in humans.
Results showed an elevation in serum levels of the KB b-HB, which
significantly lowered total Ab levels compared with controls. Fur-
ther evidence suggests that the KD may not only reduce the accu-
mulation of Ab, but that KBs produced also might protect against
Ab neurotoxicity. Kashiwaya et al. [10] treated cultured rat hippo-
campal cells with either Ab or b-HB or a combination of the two.
Treatment with Ab alone resulted in significantly higher levels of
cell death and reduced neurite number and length compared with
controls, which confirmed hippocampal neuronal Ab toxicity. The
addition of b-HB, however, reversed Ab toxicity, acting instead as
a growth factor that doubled the number of surviving cells. This
demonstrates that b-HB could potentially repair existing damage.
Therefore, neuroprotection against Ab is another mechanism
through which a KD may be useful for the prevention and treat-
ment of AD.

Efficacy of ketone intervention in humans

In response to the potential of the KD as a treatment for AD,
Henderson et al. [11] carried out a randomized, double-blind,
Fig. 1. Ketogenic metabolism compared with “normal” oxidative glucose metabolism. In k
b-oxidation to acetoacetate (a diketone) which is converted to 3-hydroxybutyrate (a keto
can form acetyl coenzyme A (CoA) via a multistep pathway (simplified in this schematic).
Acetyl coA enters Kreb's Cycle, which produces energy-rich molecules (e.g., ATP, NADH) t
venting glycolysis in times of metabolic stress.
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placebo-controlled trial to test the effects of a ketogenic com-
pound, AC-1202, on the cognitive function of individuals with mild
to moderate AD. AC-1202 was developed as a consumable form of
medium-chain triacylglycerols (MCTs) with the rationale that con-
sumption of MCTs, which are highly ketogenic, would induce a
mild state of ketosis without modifying the diets of participants.
Although not a KD, AC-1202 treatment significantly elevated serum
b-HB, allowing Henderson et al. to measure the effects of elevated
ketones on cognitive performance. Cognitive improvement was
measured as mean change from baseline on the AD Assessment
Scale�Cognitive subscale (ADAS-Cog) [11,12]. Participants given
AC-1202 had significantly improved ADAS-Cog scores compared
with those given placebo, but only if they did not have the epsilon
4 allele of the apolipoprotein E gene, that is, they were ApoE4(�).
Participants who did have this variant of the gene, that is, they
were ApoE4(+), did not differ significantly from those taking pla-
cebo [11]. These results suggest that ketones may only be useful
for treating AD in ApoE4(�) individuals; however, more detailed
consideration of these findings could help to clarify the underlying
mechanisms of AD pathology.

A major limitation of Henderson et al.’s study is the lack of die-
tary control in participants [11]. The authors state that participants
were on a “normal diet,” indicating no specific carbohydrate
restrictions in addition to the MCT treatment. Although a MCTKD
has been used as an alternative to the classic KD for the treatment
of epilepsy [13], the MCTKD still involves some carbohydrate
restriction [14]. The lack of carbohydrate restriction in this study
could have affected results in a number of ways. Higher glucose
intake inhibits ketone production [15], so the dietary carbohydrate
intake of participants might limit the levels of KBs that could be
achieved in the study. Furthermore, the authors of the study specu-
lated that the lack of treatment effect in ApoE4(�) participants may
have been due to impaired mitochondrial enzyme function or
issues with insulin sensitivity. If insulin sensitivity was the
etogenic metabolism, during fasting and in type 2 diabetes, lipids are metabolised by
ne) by 3-hydroxybutyrate dehydrogenase. Both acetoacetate and 3-hydroxybutyrate
During normal oxidative metabolism, glucose is converted via glycolysis to acetyl coA.
hat drive cellular metabolism. The ketogenic pathway is an ingenious way of circum-
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underlying issue, carbohydrate intake could have influenced the
outcomes. It is known that type 2 diabetes nearly doubles the risk
for AD [1], and the similarities in the pathologies of these two dis-
eases has led some to refer to AD as “type 3 diabetes” [16,17]. In a
study showing reduced Ab in mice fed a KD, Van der Auwera et al.
[9] stated that other studies that increased fat intake without
reducing carbohydrate intake resulted in the opposite effect as
increased Ab levels were observed. Finally, a therapeutic program
developed by Bredeson et al. [18,19] involves a broad range of met-
abolic interventions, including carbohydrate intake reduction; this
intervention has shown promising results in reversing early cogni-
tive decline. These findings provide grounds for speculation that
carbohydrates could play a significant role in the pathology of AD.
Ultimately, the results of the study by Henderson et al. [11] indicate
a need for further investigation into the role of carbohydrates in AD
pathology, particularly with respect to individuals with different
alleles of the ApoE gene.

Role of dietary carbohydrate restriction

Seneff et al. [20] have proposed a cascade effect connecting the
role of the ApoE gene and carbohydrate intake in the development of
AD (Fig. 2). This hypothesis supports the findings discussed so far.

Seneff et al. proposed that modern diets high in carbohydrates
and low in fats result in excessive blood glucose levels after meals,
and that this damages important proteins, including the ApoE pro-
tein. ApoE proteins are particularly susceptible to glycation,
-

Fig. 2. Schematic representation of the link between high-carbohydrate diets and
Alzheimer's disease. The ApoE gene is transcribed to the corresponding mRNA,
which is translated to ApoE protein, which modulates lipoprotein (including choles-
terol-bound protein) biosynthesis in the liver. These lipoproteins cross the blood�
brain barrier and are taken up by astrocytes and transferred to neurones, where
they play a key role in neuronal metabolism. High-carbohydrate diets (particularly
those rich in fructose or fructose-containing carbohydrates; e.g., sucrose) inhibit
the hepatic production of lipoproteins, which in turn starve neurones of these
essential biochemicals, which might result in the neurodegeneration seen in Alz-
heimer's disease (adapted from from Seneff et al. [20]).
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transforming them into advanced glycation end-products (AGEs).
AGEs are found in large quantities in the cerebrospinal fluid and
brains of individuals with AD [21]. This glycation damage to ApoE
impairs its ability to transport lipids to astrocytes, ultimately lead-
ing to insufficient levels of important fats, including cholesterol, in
neurons. From here, there is a cascade effect of impaired neuronal
function, oxidative stress, and mitochondrial dysfunction, ulti-
mately resulting in neuronal cell death [20].

The cascade explanation of AD pathology [20] could underpin
many of the research findings discussed here. The link between
diabetes and AD, for example, could be due to insulin resistance
and spikes in blood sugar increasing the glycation of ApoE proteins.
Furthermore, ApoE proteins transcribed and translated from the E4
variant of the gene are three times as AGE-binding than those of
other ApoE gene variants [22]. This suggests that ApoE4(+) individ-
uals might be more susceptible to the cascade effect proposed by
Seneff et al. [20], which may explain why they are more at risk for
developing AD. This may also explain why Henderson et al. [11]
found a significant improvement in ApoE4(�) but not ApoE4(+)
individuals, as the participants in the study were still consuming
carbohydrates. Finally, Ab levels increase or decrease depending
on the levels of lipidated ApoE, which means that lipidated ApoE
deficits might lead to increased Ab, whereas an abundance of lipi-
dated ApoE likely enhances clearance of Ab [23,24]. This could
explain why Van der Auwera et al. [9] observed reduced levels of
Ab in mice that consumed a KD because the KD likely reduces gly-
cation by lowering blood sugar levels while also increasing the
availability of lipids, and both effects might lead to elevated lipi-
dated ApoE. This increase in available lipidated ApoE also might
supply astrocytes with fats that are important for neuronal growth
and function, potentially preventing the cascade effect proposed
by Seneff et al. [20] (Fig. 2). This accumulation of evidence suggests
that glycation of the ApoE protein, and the resulting downstream
effects, might explain elements of AD pathology, and a KD might
alleviate damage through blood sugar stabilization and increased
availability of important fats (including cholesterol).

Future research

Future research should explore the potential of a full KD as a
treatment for AD, rather than focusing solely on elevating ketones
via MCT, because inhibition of glycation via carbohydrate control
may be an important factor in the treatment of the disease. There
are four variations of the KD that could be trialed for efficacy,
including the classic KD and MCTKD, the modified Atkins diet, and
low-glycemic index treatment (LGIT) [14,25,26]. Each of these var-
iations have demonstrated efficacy in treating epilepsy [13,26�28],
and all could potentially be useful in the treatment of AD because
they all increase KBs, and the classic KD, MCTKD, and LGIT in par-
ticular are considered low-glycemic therapies, resulting in steady
glucose levels [14]. If KDs are found to demonstrate promise in
treating AD, differences in efficacy between these variations could
also indicate the relative importance of ketones and glycation con-
trol. The classic KD and MCTKD, for example, produce higher levels
of KBs than the LGIT [14,28], so if the classic KD and MCTKD were
more effective, this could indicate the importance of higher levels
of KBs in treating AD. If the LGIT were just as effective, however,
this may indicate that lower levels of KBs are sufficient if blood glu-
cose is also controlled, which may indicate that glycation is a prom-
inent factor in the development of the disease.

The potential efficacy of preventative measures also should be
assessed. If the underlying cause of AD is related to lifestyle factors
such as diet, with genetic factors exacerbating this in some cases,
changes in modern dietary norms may reduce the prevalence of
wledge Network from ClinicalKey.com.au by Elsevier on April 30, 2020.
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AD in the future. Fructose, for example, produces AGEs at up to
10 times the amounts caused by glucose [29]; interestingly, fruc-
tose is present in many popular sweetened beverages and proc-
essed foods owing to the widespread use of high-fructose corn
syrup by the food industry [30,31]. Sweet cravings are common in
individuals with AD [32,33], and if this food preference develops
early, dietary selections made by these individuals could contribute
to their risk of developing the disease.

Research thus far has been limited to assessing the effects of
KDs as a treatment and prevention strategy for AD. Perhaps future
research should investigate how much of AD pathology is under-
pinned by early metabolic issues leading to ApoE glycation, and
how effective early dietary interventions might be in preventing
the disease. This may be important to study in individuals with
genetic risk factors, major lifestyle risk factors [1], or those demon-
strating early impairments in brain glucose metabolism.
Our hypothesis

We hypothesize that these dietary and metabolic influences
may play a significant role in the underlying pathology of AD;
therefore, a KD involving increased ketone levels and carbohydrate
reduction might offer an effective treatment and prevention strat-
egy for the disease. The elevation of KBs has the potential to
improve brain metabolism, reduce accumulation of Ab plaques,
and reverse Ab toxicity to support neurogenesis rather than neuro-
nal cell death. Reduced carbohydrate intake might increase the
achievable levels of KBs, while also contributing to the beneficial
effects of the KD by preventing glycation, resulting in lower levels
of AGEs, ultimately increasing the availability of lipidated ApoE.
This might, in turn, prevent deficiencies of important fats, including
cholesterol, in the brain, inhibiting the cascade effect proposed by
Seneff et al. [20] (Fig. 2).
Conclusion

A high-fat, low-carbohydrate KD might provide an effective
prevention and treatment strategy for this increasingly prevalent,
debilitating neurodegenerative disease.
References

[1] Reitz C, Brayne C, Mayeux R. Epidemiology of Alzheimer disease. Nat Rev Neu-
rol 2011;7:137–52.

[2] Hardy J, Allsop D. Amyloid deposition as the central event in the aetiology of
Alzheimer's disease. Trends Pharmacol Sci 1991;12:383–8.

[3] Berger AL. Insulin resistance and reduced brain glucose metabolism in the
aetiology of Alzheimer's disease. J Insulin Resist 2016;1:7.

[4] Pasinetti GM, Eberstein JA. Metabolic syndrome and the role of dietary life-
styles in Alzheimer's disease. J Neurochem 2008;106:1503–14.

[5] Cunnane SC, Courchesne-Loyer A, St-Pierre V, Vandenberghe C, Pierotti T,
Fortier M, et al. Can ketones compensate for deteriorating brain glucose uptake
during aging? Implications for the risk and treatment of Alzheimer's disease.
Ann N Y Acad Sci 2016;1367:12–20.

[6] Henderson ST. Ketone bodies as a therapeutic for Alzheimer's disease. Neuro-
therapeutics 2008;5:470–80.
Downloaded for Anonymous User (n/a) at Queensland Health Clinical Knowle
For personal use only. No other uses without permission. C
[7] Reiman EM, Chen K, Alexander GE, Caselli RJ, Bandy D, Osborne D, et al. Func-
tional brain abnormalities in young adults at genetic risk for late-onset Alz-
heimer's dementia. Proc Natl Acad Sci 2004;101:284–9.

[8] Mosconi L. Brain glucose metabolism in the early and specific diagnosis of Alz-
heimer's disease: FDG-PET studies in MCI and AD. Eur J Nucl Med Mol Imaging
2005;32:486–510.

[9] Van der Auwera I, Wera S, Van Leuven F, Henderson ST. A ketogenic diet
reduces amyloid beta 40 and 42 in a mouse model of Alzheimer's disease. Nutr
Metab 2005;2:28.

[10] Kashiwaya Y, Takeshima T, Mori N, Nakashima K, Clarke K, Veech RL.
d-b-Hydroxybutyrate protects neurons in models of Alzheimer's and Parkin-
son's disease. Proc Natl Acad Sci 2000;97:5440–4.

[11] Henderson ST, Vogel JL, Barr LJ, Garvin F, Jones JJ, Costantini LC. Study of
the ketogenic agent AC-1202 in mild to moderate Alzheimer's disease: a
randomized, double-blind, placebo-controlled, multicenter trial. Nutr
Metab 2009;6:31.

[12] Rosen WG, Mohs RC, Davis KL. A new rating scale for Alzheimer's disease. Am
J Psychiatr 1984;141:1356–64.

[13] Liu YC. Medium-chain triglyceride (MCT) ketogenic therapy. Epilepsia
2008;49:33–6.

[14] Liu Y, Wang H-S. Medium-chain triglyceride ketogenic diet, an effective treat-
ment for drug-resistant epilepsy and a comparison with other ketogenic diets.
Biomed J 2013;36:9.

[15] Kolb S, Sailer D. Effect of fat emulsions containing medium-chain triglycerides
and glucose on ketone body production and excretion. JPEN J Parenter Enteral
Nutr 1984;8:285–9.

[16] Akter K, Lanza EA, Martin SA, Myronyuk N, Rua M, Raffa RB. Diabetes mellitus
and Alzheimer's disease: shared pathology and treatment? Br J Clin Pharmacol
2011;71:365–76.

[17] de la Monte SM, Wands JR. Alzheimer's disease is type 3 diabetes—evidence
reviewed. J Diabetes Sci Technol 2008;2:1101–13.

[18] Bredesen DE, Amos EC, Canick J, Ackerley M, Raji C, Fiala M, Ahdidan J. Reversal
of cognitive decline in Alzheimer's disease. Aging 2016;8:1250.

[19] Bredesen DE. Reversal of cognitive decline: a novel therapeutic program. Aging
2014;6:707.

[20] Seneff S, Wainwright G, Mascitelli L. Nutrition and Alzheimer's disease:
the detrimental role of a high carbohydrate diet. Eur J Intern Med
2011;22:134–40.

[21] Shuvaev VV, Laffont I, Serot J-M, Fujii J, Taniguchi N, Siest G. Increased protein
glycation in cerebrospinal fluid of Alzheimer's disease. Neurobiol Aging
2001;22:397–402.

[22] Li YM, Dickson DW. Enhanced binding of advanced glycation endproducts
(AGE) by the ApoE4 isoform links the mechanism of plaque deposition in Alz-
heimer's disease. Neurosci Lett 1997;226:155–8.

[23] Hirsch-Reinshagen V, Burgess BL, Wellington CL. Why lipids are important for
Alzheimer disease? Mol Cell Biochem 2009;326:121–9.

[24] Jiang Q, Lee CYD, Mandrekar S, Wilkinson B, Cramer P, Zelcer N, et al. ApoE
promotes the proteolytic degradation of Ab. Neuron 2008;58:681–93.

[25] Kossoff EH, Zupec-Kania BA, Amark PE, Ballaban-Gil KR, Christina Bergqvist
AG, Blackford R, et al. Optimal clinical management of children receiving the
ketogenic diet: recommendations of the International Ketogenic Diet Study
Group: consensus statement for the ketogenic diet. Epilepsia 2009;50:304–17.

[26] Neal EG. Ketogenic dietary therapy for epilepsy and other disorders: current
perspectives. Nutr Diet Suppl 2014;6:25–32.

[27] Kim JA, Yoon J-R, Lee EJ, Lee JS, Kim JT, Kim HD, et al. Efficacy of the classic
ketogenic and the modified Atkins diets in refractory childhood epilepsy. Epi-
lepsia 2016;57:51–8.

[28] Pfeifer HH, Thiele EA. Low-glycemic-index treatment: a liberalized ketogenic
diet for treatment of intractable epilepsy. Neurology 2005;65:1810.

[29] Levi B, Werman MJ. Long-term fructose consumption accelerates glycation and
several age-related variables in male rats. J Nutr 1998;128:1442–9.

[30] Bray GA, Nielsen SJ, Popkin BM. Consumption of high-fructose corn syrup in
beverages may play a role in the epidemic of obesity. Am J Clin Nutr
2004;79:537–43.

[31] Buck A. High fructose corn syrup. In: Nabors LO ed. Alternative sweeteners.
revised and expanded. p 391, 3rd Ed. New York, NY: Marcel Dekker; 2001. p.
391–412.

[32] Mungas D, Cooper JK, Weiler PG, Gietzen D, Franzi C, Bernick C. Dietary prefer-
ence for sweet foods in patients with dementia. J Am Geriatr Soc
1990;38:999–1007.

[33] Wolf-Klein GP, Silverstone FA, Levy AP. Sweet cravings and Alzheimer's dis-
ease. J Am Geriatr Soc 1991;39:535–6.
dge Network from ClinicalKey.com.au by Elsevier on April 30, 2020.
opyright ©2020. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0001
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0001
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0002
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0002
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0004
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0004
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0005
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0005
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0005
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0005
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0006
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0006
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0007
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0007
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0007
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0008
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0008
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0008
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0009
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0009
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0009
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0010
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0010
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0010
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0010
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0011
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0011
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0011
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0011
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0012
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0012
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0013
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0013
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0014
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0014
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0014
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0015
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0015
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0015
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0018
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0018
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0019
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0019
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0020
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0020
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0020
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0021
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0021
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0021
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0022
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0022
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0022
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0023
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0023
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0024
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0024
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0024
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0026
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0026
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0027
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0027
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0027
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0028
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0028
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0029
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0029
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0030
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0030
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0030
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0031
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0031
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0031
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0032
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0032
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0032
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0033
http://refhub.elsevier.com/S0899-9007(18)30276-4/sbref0033

	The ketogenic diet as a potential treatment and prevention strategy for Alzheimer's disease
	Introduction
	Glucose and ketones in AD
	Effects of KDs on Aβ plaques
	Efficacy of ketone intervention in humans
	Role of dietary carbohydrate restriction
	Future research
	Our hypothesis
	Conclusion
	References


