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As the population of the industrialized world ages, illnesses associated with aging consume
a larger portion of our healthcare budgets and impose increasing burdens on the quality of
life of patients and their caregivers. Estimates suggest that in the U.S., Alzheimer’s disease
(AD) a�ects 12 percent of people over age 65 and nearly 50 percent of those over 85, with
predictions for this to include 16 million people by 2050.1 National healthcare costs
associated with AD are expected to surpass one trillion dollars by mid-century.

Considering the fact that AD has no known cure and current therapies are largely
ine�ective, identifying the triggering mechanisms and exacerbating factors behind AD is of
paramount importance, as prevention and early detection would serve to decrease—or at
the very least delay—the physical, emotional and �nancial hardships this illness creates.
Prevention is also critical because AD symptoms often do not appear until loss of functional
neurons is so widespread that irreversible damage has already occurred.

Signi�cant epidemiological and clinical evidence has emerged that suggests AD belongs
among the “diseases of civilization,” primarily caused by modern Western diets and
lifestyles at odds with human physiology. High intakes of re�ned carbohydrates and omega-
6-rich polyunsaturated oils, low antioxidant intake, lack of physical activity, and misguided

avoidance of cholesterol and saturated fats combine to create a perfect storm for glycation
and oxidative stress in the brain, ultimately resulting in severe cognitive decline that
renders nearly impossible the tasks involved in everyday living.
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Our evolutionarily discordant dietary environment has been linked to conditions as diverse
as heart disease, diabetes, rheumatoid arthritis, polycystic ovarian syndrome (PCOS), and
schizophrenia.  Often, the brain is seen as a space unto itself, as though the blood-brain
barrier were an impenetrable border that spares the brain the deleterious e�ects the rest
of the body su�ers as a result of a physiologically incongruous diet. However, research on
AD con�rms that not only is the brain as susceptible to metabolic and environmental insults
as the rest of the body, but due to its high energy demands, disproportionate oxygen
consumption, high concentration of oxidation-prone long-chain polyunsaturated fatty acids
(PUFAs), and decreased capacity for regeneration, the brain is especially vulnerable to the
detrimental e�ects of modern Western diets.

Research into AD pathology, like that of many of its chronic, degenerative illness
counterparts, is riddled with uncertainty regarding which factors are causative and which
are merely correlative. Nevertheless, up-to-date literature points to genetic and
environmental factors that greatly increase the risk for developing this condition. The risk
pro�le has a strong basis in epigenetics—the in�uence of diet and lifestyle on how
particular genotypes are expressed. The two most striking risk factors appear to be
hyperinsulinism and possession of one or two E4 alleles for the apolipoprotein E gene
(ApoE4), which is involved in lipid processing. (See sidebar on page 34.)

Possession of an E4 allele is so strongly correlated with AD that one study author calls it the
“susceptibility gene.” ApoE4 heterozygotes (people with one allele) have a �ve-fold
increased risk of developing AD, and homozygotes (two alleles) are estimated to have a
staggering lifetime risk between 50-90 percent.  Despite this seemingly damning genetic
heritage, the ApoE4 allele is neither required nor su�cient for development of AD, as 50
percent of people with AD are not carriers, and some E4 homozygotes never develop the
disease.  On the other hand, the other known risk factor—hyperinsulinism—elevates risk

by 43 percent independently of ApoE status. As hyperinsulinemia occurs in approximately
40 percent of people over age sixty, it’s not surprising that it correlates with a condition that
preferentially strikes the aging.
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Some researchers believe the connection between impaired glucose metabolism, insulin
signaling and AD is so strong that they refer to AD as “type 3 diabetes.”  In fact, type 2
diabetes (T2D)—a condition stemming from broken glucose metabolism and insulin
signaling—has been identi�ed as an additional risk factor for developing AD.  Moreover,
the pathological changes that occur in AD in the brain physically resemble those seen in the
pancreas and vasculature in T2D.  Type 2 diabetics who carry ApoE4 alleles are at the
greatest risk for AD, with an even more severe risk reserved for those treated with
exogenous insulin.  This suggests that either T2D or related features of the metabolic
syndrome bring about AD, or that they are separate consequences of the same underlying
cause—and moreover, that insulin is a key factor.

That not all type 2 diabetics develop AD and not all AD patients are diabetic should
disabuse us of the notion that diabetes causes AD. What is more likely—and what the
research seems to support—is that they are physiological cousins. That is, they result from
the same underlying metabolic imbalances, but manifest di�erently depending on which
parts of the body are a�ected.

Clinically, AD patients have decreased cognitive function and lapses in memory that decline
progressively and ultimately a�ect performance of tasks involved in everyday living.
Physiologically, AD is characterized by several physical hallmarks that can be measured or
observed via biopsy, positron emission tomography (PET) scan, or upon autopsy. These
include insoluble extracellular plaques made of beta-amyloid peptide (Aβ); intracellular
neuro�brillary tangles (NFTs) resulting from the hyperphosphorylation of tau (a
microtubule-associated protein); loss of hippocampal neurons; a decrease in production of
brain acetylcholine; and a marked decline in glucose usage in regions of the brain
associated with memory and learning.  All of these changes can be logically
explained as the sequelae resulting from long-term dysregulation of insulin signaling and
glucose metabolism. Their damaging e�ects are compounded by other features of a
modern Western diet and lifestyle apart from an evolutionarily discordant degree of re�ned

carbohydrate consumption—namely, a gross imbalance between n-6 and n-3 essential fatty
acids, a lack of micronutrient and antioxidant- rich vegetables and fruits, and a paucity of
physical activity.
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 PHYSICAL HALLMARKS OF AD: REDUCTION
IN CEREBRAL USAGE OF GLUCOSE
One of the most striking observations in AD patients is a marked decline in the rate at
which their brains use glucose (called the cerebral metabolic rate of glucose [CMRglu]).
Speci�cally, this reduced fuel usage is localized in regions of the brain involved in memory
processing and learning.  PET scans of people at high risk for developing AD show
that this decline occurs long before symptoms of AD are present, and seems to be the �rst
step in a long chain of events whose eventual end is overt AD. The decline can be detected
in those at risk as young as their twenties and thirties—decades before the manifestation of
AD.  More dramatic declines are seen in later years, with the largest declines occurring in
ApoE4 homozygotes.  These declines are associated with normal aging, but in people at
risk for AD, they begin at a younger age and decline more aggressively.

It is noteworthy that the subjects tested in younger years are cognitively normal; they show
no clinical signs of AD, so there is little reason to suspect that metabolic and cognitive
derangement are brewing. This slow decline in brain glucose usage can be seen as a kind of
“canary in the coal mine”—preclinical evidence that something has gone awry long before
damage has progressed to the point of overt signs and symptoms. With the brain’s
disproportionate consumption of fuel (at just 2 percent of body weight, it uses around 20
percent of the body’s glucose and oxygen), any regional reduction in fuel metabolism will
have dramatic e�ects.

The extent of the reduction in CMRglu is tied to AD severity. A longitudinal study using PET
scans to measure CMRglu in people ages �fty to eighty showed that people with the lowest
CMRglu at baseline experienced the quickest development of overt AD.24 At baseline,
hippocampal glucose metabolism in people who progressed from normal to AD was 26
percent below that of people who did not develop AD, and the annual rate of decline
averaged 4.4 percent. Assuming the rates of decline were somewhat constant,

extrapolating backward indicates that the decline may have started several years before
baseline testing, and possibly decades before any overt signs of AD were present. At
baseline, despite the already decreased CMRglu in some subjects, all subjects were
cognitively normal. This suggests that reduced glucose utilization in the brain might be one
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of the earliest events in AD. The occasional foibles and forgetfulness we associate with
normal aging could, in fact, be the earliest signs that the brain is losing its ability to fuel
itself e�ectively.

 NEUROFIBRILLARY TANGLES
A second physical hallmark of AD is intracellular neuro�brillary tangles (NFTs) made of
hyperphosphorylated tau protein. Tau is a protein that binds to microtubules and promotes
stabilization of the cell’s internal structure. Hyperphosphorylated tau does not bind to
microtubules and instead tangles in upon itself, leaving this debris inside the cell, and also
resulting in an improperly constructed cytoskeleton, leading to compromised cell
function.  A critical result of malformed microtubules is loss of structure and function in
neuronal axons and dendrites—the projections responsible for cellular communication—
sending and receiving electrical impulses and metabolic materials.

What, then, causes the phosphorylation of tau? This is regulated by the enzyme glycogen
synthase kinase 3β (GSK-3β). Insulin inhibits this enzyme, so if the brain is insulin resistant,
the process is not inhibited. An interesting feature ties hyperphosphorylated tau back to
ApoE4. Of the three isoforms of ApoE, E4 is unique in its inability to bind tau. The E3 isoform
has been proven to bind to tau (with the same suspected for E2), thus preventing or
minimizing its phosphorylation.

 BETA-AMYLOID PEPTIDE
The most prominent physical characteristic of an AD brain is the accumulation of insoluble
extracellular plaques consisting of beta-amyloid peptide (Aβ). Aβ results from the normal
cleavage of amyloid precursor protein (APP), but its accumulation and aggregation into
plaques represents the quintessential feature of AD.  Aβ is found in orders of magnitude

greater in AD brains than in healthy brains.  This fact is noteworthy because lower
concentrations of Aβ tend to stay soluble; higher concentrations form plaques more
readily.
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If these plaques are either causing or exacerbating AD, it is crucial to identify why they’re
being secreted out of the cell and why they are not degraded normally. It has been shown
that insulin is behind both of these phenomena: insulin stimulates the secretion of the two
forms of Aβ associated with AD, and it also inhibits its degradation and clearance.

Rather than increased production of Aβ inside the cell, research indicates that reduced
extracellular clearance is what causes Aβ to accumulate. Aβ is cleared primarily by insulin
degrading enzyme (IDE). The a�nity of IDE for insulin is so high, however, that the presence
of even small amounts of insulin completely inhibits the degradation of Aβ.30 Insulin acts
as a kind of competitive inhibitor, such that when insulin is present, IDE will be “busy”
clearing it, leaving Aβ to accumulate. Hyperinsulinemia equates to a functional (if not
clinical) “IDE de�ciency.” This strikes an even bigger blow to aging populations because IDE
production declines with age, so there is an increasing amount of substrate combined with
lower enzyme activity.

Just as insulin can be seen as a competitive inhibitor of IDE for degradation of Aβ, Aβ can be
viewed as a competitive inhibitor of insulin for its receptor. This has been proven in human
cells in vitro—Aβ reduces the binding of insulin to its receptor in a dose-dependent
manner.28 Insulin levels are already reduced in the brain of AD patients, and now there is
something interfering with the proper binding of what little insulin is present.

Due to reduced clearance via IDE, Aβ accumulates, and the more it accumulates, the more
prone it is to form insoluble plaques. Two other factors contributing to plaque formation
are intimately related to the genetic and metabolic risk factors for AD—ApoE genotype and
hyperinsulinism (with attendant hyperglycemia). Autopsy of human AD brains shows that
the amount of plaque present and its density are directly in�uenced by ApoE genotype,
with E4 homozygotes having the densest and most extensive plaques. Sections from the
brains of homozygous ApoE4 AD patients are so riddled with Aβ plaques that they can often
be distinguished from those of E3 carriers without a microscope.

ApoE particles themselves have been identi�ed in amyloid plaques. However, strong
evidence that they bind directly to the plaques is lacking. What has been established is the
fact that ApoE particles bind to advanced glycation end products (AGEs), and yet another
factor contributing to the insolubility of the plaques is their degree of glycation. The plaques
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become glycated (bonded to sugar) and form cross-linkages with each other, resulting in
toxic AGEs. It is the glycated plaques and AGEs that the ApoE particles actually bind to.
Glycation is a factor of glucose concentration exposure and time, with more AGEs forming
upon longer exposure to higher concentrations of glucose.33 It follows that in a body that is
hyperinsulinemic, and a brain that is insulin-resistant, the peripheral hyperinsulinism will
inhibit the clearance of soluble Aβ by IDE, thereby causing it to remain in the extracellular
space for an extended amount of time, and the functional “hyperglycemia” in the brain will
provide an elevated level of glucose—the perfect storm for glycation of Aβ and its
aggregation into insoluble plaques. As if that were not challenge enough for a brain that is
already struggling to metabolize fuel e�ciently, AGEs themselves have been shown to be
neurotoxic, likely by inducing apoptosis (cell death) and lipid peroxidation—a process that is
especially damaging to cells whose membranes are particularly rich in PUFAs.

Similar to the reduction in the CMRglu, AGE accumulation is a normal product of aging, but
AGE formation occurs more quickly and to a greater degree in AD patients. AD brains show
more AGEs than those of healthy, age-matched controls.34 ApoE4 particles have been
shown to have three times greater AGE-binding a�nity than ApoE3, and apolipoprotein
particles themselves are subject to glycation. Increased glycated ApoE particles have been
detected in the cerebrospinal �uid (CSF) of AD patients.  The physiological insult of
glycated ApoE is that ApoE helps transport LDL particles (and their critical cholesterol and
fatty acid passengers) across the blood brain barrier. LDL containing normal ApoE will be
recognized by its receptor and proceed through, while glycated ApoE is not recognized, thus
depriving brain cells of these essential building blocks.

There is even more to the interaction of ApoE genotype and Aβ. ApoE genotype in�uences
insulin degrading enzyme production, with E4 homozygotes expressing 50 percent less
hippocampal IDE than non-E4 carriers.  It is not known whether the ApoE4 genotype
causes reduced IDE. They could both arguably be the result of an overall hunter-gatherer

genotype not designed for the carbohydrate-rich Western diet. Pre-agriculturalists
presumably would have derived more of their calories from fat and protein and would
therefore have had a lower requirement for both insulin and IDE.
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Several authors have asserted that Aβ is toxic. Aβ is believed to penetrate neuronal plasma
membranes, where it leads to lipid peroxidation.10 It has also been implicated in
deactivating a subunit of the pyruvate dehydrogenase complex, thereby inhibiting
conversion of pyruvate to acetyl CoA and the eventual production of cellular energy as
ATP.  Another way Aβ a�ects glucose metabolism in the brain is that fragments of Aβ
disrupt insulin signaling by binding to neuronal synapses, which alters their shape and
function.  Insulin receptors are abundant at synapses, so if the integrity of the synapse
itself has been compromised, the receptors won’t function e�ectively.

It’s easy to see why one school of thought subscribes to the belief that Aβ plaques cause
AD. However, an alternative theory is emerging wherein Aβ is argued to be protective. This
more holistic view of AD pathology will be addressed after a discussion of the critical role of
insulin in AD causation and progression.

 INSULIN’S ROLE IN AD PATHOLOGY
It had long been believed that glucose uptake in the brain was entirely independent of
insulin, as the common brain glucose transporters— GLUT1 and GLUT3—are non-insulin-
sensitive. However, it is now recognized that there are insulin receptors and insulin-
sensitive glucose transporters (GLUT4) at the blood brain barrier (BBB) and in certain brain
cells. They are particularly abundant in regions involved in memory and learning.

Entry of insulin into the brain is a saturable mechanism; there comes a point when
increased peripheral insulin levels no longer elevate levels in the central nervous system
(CNS). Entry of glucose into the brain can be seen as saturable as well. GLUT1 transporters
at the BBB are saturated by normal physiological concentrations of glucose.  Therefore,
increasing glucose uptake by the brain would require an upregulation of insulin receptors
or GLUT4s. But when the receptors have been compromised, it could equate to a functional
hypoglycemia in the brain, which would account for the decreasing rate of brain glucose
metabolism that is one of the de�ning features of AD. On the other hand, if a
physiologically normal amount of glucose is entering the brain interstitial �uid but there’s a
lack of insulin, this could result in the increased glycation observed in AD brains. The
presence of glucose with an inability to metabolize it would account for both the reduced
CMRglu and increased AGE formation.
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A noteworthy feature of AD is the intriguing combination of hyperinsulinism (too much) in
the periphery and hypoinsulinism (not enough) in the CNS. Patients with advanced AD show
higher plasma but lower CSF insulin concentrations than healthy controls.40 Clearly, then,
the lower concentration of insulin in the brain is not a result of reduced circulating levels in
the blood. Somehow—partly through the e�ects of Aβ, but more likely due to long-term
overconsumption of re�ned carbohydrates—the brain becomes insulin-resistant.

Insulin plays a de�nite role in cognitive function. However, as is true of most biological
mechanisms, context must be taken into account: acute administration of insulin improves
performance on tests of memory and cognition, but chronically elevated insulin levels have
the opposite e�ect.  This is akin to the pathology of T2D, in which normal, acute doses
of insulin help regulate glucose uptake, but chronically elevated levels lead to insulin
resistance, hyperglycemia, and the attendant in�ammation and vascular damage.
Chronically elevated insulin levels in the periphery, it seems, depress insulin sensitivity at
the BBB and therefore glucose utilization in the brain. In the absence of an alternative fuel
source, brain cells starve. Metabolic fuel is inside the body, but the brain cells are not able
to harness energy from it. The parallels to T2D are striking, making the term “type 3
diabetes” apropos.

For non-ApoE4 carriers, diabetes alone is a signi�cant risk factor for AD.  The combination
of diabetes and carrying an ApoE4 allele increases the risk even further—�ve-fold over non-
diabetic, non-E4 carriers.  Better glycemic control has been correlated to better
cognitive performance in type 2 diabetics. Moreover, these same subjects had improved
performance on memory tests quickly after an acute dose of 50g of easily digestible
carbohydrate, but this was followed by decreased performance after an extended waiting
period, re�ecting the aforementioned observations of acute versus chronically elevated
insulin levels and glucose utilization.44 The question, then, is whether diabetes plays a
causal role in AD. Research does not support this, as not all AD patients are diabetic, and

not all diabetics develop AD. Due to the overwhelming evidence of insulin and glucose
signaling derangement as the strongest factors in AD, it seems more likely that T2D and AD
are di�erent manifestations of the same underlying causes: in T2D, the peripheral muscles
and organs are a�ected; in AD damage is localized to the brain.
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 DISCUSSION
Like that of many of its complex neurodegenerative counterparts, AD research is stymied
by the problem of identifying what the �rst steps are in a vicious cycle wherein an
underlying disturbance is perpetuated by the very results of the disturbance. The
physiological and biochemical changes observed in AD point to a brain that is struggling to
maintain its viability. It downregulates the uptake of glucose, upregulates mechanisms to
use alternative fuels, and increases production of protective substances.

Many researchers see the accumulation of Aβ as the triggering event in AD pathology.
However, a more integrated view of the innate wisdom of the human body suggests that Aβ
initially serves a protective role, just as a fever is a protective mechanism rather than
something to be annihilated unquestioningly. Nevertheless, just as a fever spiking too high
can create problems of its own, increasing numbers and density of Aβ plaques in a
hyperglycemic brain can initiate chain reactions of glycation and oxidation that serve to
exacerbate mitochondrial dysfunction, decreased ATP production, and cognitive decline.

It is unlikely that Aβ plaques are a primary causative factor in AD because the e�ects of
reduced glucose uptake in the brain are observed long before the plaques are evident. The
plaques more logically result from functional inhibition of IDE due to peripheral
hyperinsulinemia. Some progressive researchers have suggested that insulin resistance at
the BBB is the brain’s way of forcing a slowdown in the metabolism of glucose. This seems
illogical if glucose is the brain’s primary fuel (assuming a carbohydrate-rich diet). Why would
the brain seek to limit the uptake of its main fuel? Several mechanisms are at work, and
they all indicate that the brain is protecting its own survival while trying to minimize further
damage.

First, high levels of glucose in brain interstitial �uid are glycating. Glycated proteins and
cellular structures have altered function, increased vulnerability to oxidative damage, and
reduced degradation and clearance.  Slowing the entry of glucose into the brain would
delay these processes and possibly give the body’s defenses more time to dispose of the
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AGEs.

Second, glucose metabolism causes a heavy burden of oxidative stress. The running of the
mitochondrial electron transport system (ETS) is the greatest source of reactive oxygen
species (ROS) and free radicals in the body, and neurons are particularly susceptible to
oxidative stress because their metabolic rate is higher than that of other brain cells.
Moreover, neuronal membranes are rich in long-chain PUFAs and cholesterol, which are
highly vulnerable to oxidation. 22 AGEs have been shown to induce lipid peroxidation, so
exposure of fragile membrane PUFAs to a hyperglycemic environment can be considered
toxic. In an organ that is potentially so highly damaged from a lifetime of dietary and
environmental abuse, downregulating the usage of a fuel whose metabolism creates even
more damage can be seen as a last-ditch e�ort just to survive.

Third, the brain could be redirecting its metabolic machinery toward utilization of fuels
other than glucose, such as fatty acids and ketone bodies, which produce less oxidative
stress and are, in fact, more e�cient fuels.

One way in which Aβ serves a potentially helpful role is that it upregulates production of
amyloid-β-peptide-binding alcohol dehydrogenase, an enzyme capable of metabolizing
alternative fuels such as ketone bodies and alcohols.  Another possibly protective role for
Aβ is in catalyzing the production of lactate dehydrogenase, which converts pyruvate to
lactate under anaerobic conditions.  Lactate is produced in glial cells and sent to neurons,
where it is converted back to pyruvate and sent through the tricarboxylic acid (TCA) cycle to
produce ATP. Up-regulating lactate production compartmentalized within the brain could
be the struggling brain’s way of providing a fuel substrate when glucose usage in the brain
has been compromised. Here again we have two scenarios in which Aβ seems to be priming
the brain to move away from glucose.

 LOW CARBOHYDRATE DIETS FOR AD
THERAPY
If AD is primarily the result of a brain unable to metabolize glucose properly, then
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If AD is primarily the result of a brain unable to metabolize glucose properly, then
interventions aimed at preventing or improving this condition should include a transition to
a fuel source other than glucose, reducing peripheral insulin levels to restore sensitivity at
the BBB, and providing an abundant supply of protective substances. As a model to guide
therapy, we can look to what happens during fasting, starvation, or carbohydrate restriction
to see the processes by which a glucose-deprived body sustains itself. The major switch that
occurs in the absence or reduction of exogenous glucose is that the body transitions to
running on fatty acids, ketone bodies (KBs), and small amounts of glucose derived from
gluconeogenesis (making glucose from amino acids and other substances).

It is often claimed that glucose is the brain’s only fuel, or that the brain requires upwards of
120 grams of glucose per day. This grossly oversimpli�es human physiology. Glucose is
regularly cited as the “preferred” fuel for the body and brain. However, it is only preferred in
the sense that it will generally be used �rst. It is neither more e�cient nor safer than two of
the other fuels the body and brain can run on: fatty acids and KBs. KBs can provide up to 60
percent of the brain’s energy, thus sparing what little glucose is metabolized to supply the
rest.

KBs are often viewed as toxic, but this is not the case. They are an absolutely normal part of
human energy metabolism that preferentially fuel the brain while much of the rest of the
body runs on fatty acids during times of carbohydrate unavailability.  The negative view of
KBs stems from confusion of benign dietary ketosis (BDK) and diabetic ketoacidosis (DKA).
BDK occurs as a result of dramatic reductions in carbohydrate consumption, while DKA is
seen in untreated type 1 diabetics, who do not produce insulin, have extremely limited
capacity to burn glucose, and therefore are in a constant, uncontrolled state of catabolizing
(breaking down) their own muscle and adipose tissue to use as fuel. Despite both
conditions indicating that the body is burning fat at a high rate, they are worlds apart in
physiological implication. During BDK from carbohydrate reduction, blood ketone
concentrations are typically no higher than 4-6 mM, with no change in blood acidity. In DKA,

however, blood ketone concentration can reach up to 25 mM—orders of magnitude greater
—and blood pH can decrease to fatal levels that overwhelm the body’s acid bu�ering
capacity.
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Ketogenic diets have a long history of e�cacy for disorders of the CNS, most notably
epilepsy.46,47 KBs are more e�cient than glucose and induce less oxidative damage.47
Additionally, KBs are brought into the brain by monocarboxylate transporters—
independently of glucose and insulin—so their uptake is not hindered when insulin
signaling fails.

This raises the question, if the brain is struggling to use glucose, why does it not
immediately shift to fueling with ketones? The answer is that su�cient ketones aren’t
available. Due to di�ering requirements of various tissue systems, the body as a whole runs
on glucose, fatty acids, and KBs concurrently to some extent. However, the pathways are
largely antagonistic; where one predominates, another is inhibited. Glucose induces insulin
secretion, and insulin inhibits CPT-1, an enzyme responsible for bringing fatty acids into the
mitochondria to be used. Therefore, when insulin levels are high, fatty acids are not well
used as fuel and no signi�cant ketogenesis occurs. (KBs are a byproduct of fatty acid
metabolism.) So even though the brain is starving for fuel, KBs will not be produced in
su�cient quantity. The end result for an AD patient is that the brain is not metabolizing
glucose e�ectively and no alternative fuels are available. For neuronal cells that have such
enormous energy requirements, the consequences of this disruption in fuel supply are
devastating.

If ketones are the brain’s primary fuel source under conditions of reduced glucose
availability, then AD patients should show improvements in cognitive function on a
ketogenic diet or with administration of exogenous ketones. This has been demonstrated in
randomized, double-blind, placebo-controlled studies. In two studies, oral administration of
KBs via medium-chain triglyceride (MCT) drink mixes resulted in improved performance on
cognition tests compared to placebo, and this was achieved even in the absence of dietary
carbohydrate reduction.

In a study involving dietary ketosis via a low carbohydrate diet (less than 10 percent of total
calories), compared to subjects on a 50 percent carbohydrate diet, the low-carbohydrate
subjects demonstrated better performance on memory tests, with higher scores being
correlated to higher serum KB levels.  A study using cultured mouse hippocampal cells
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showed that addition of the KB β-hydroxybutyrate (β-OHB) to cells exposed to Aβ resulted
in no decrease in the numbers of dendrites or total neurons—two of the noted pathological
changes in AD. Addition of β-OHB at a 4 mM concentration—achievable on a very low
carbohydrate diet—doubled the surviving number of cells and actually increased dendritic
growth.52 Analyses of brains of people who have aged free of cognitive decline have shown
that a loss of neurons can be compensated for by an increase in dendrites of the remaining
neurons so there is no net loss of synapses.

If the primary metabolic change that occurs during fasting or a ketogenic diet is a wholesale
shift away from glucose and toward fatty acids and ketones for fuel, with the resultant
lowering of blood glucose and insulin levels and restoration of insulin sensitivity, then
reduced carbohydrate consumption should lead to similar neuroprotective e�ects.
Moreover, if AD stems from a diet and lifestyle at odds with what our evolutionary history
has prepared us for, then an abandonment of re�ned and chemically altered foods and a
return to a more “primitive”-type diet would also likely be protective. Speci�cally, if the
initial pathogenesis of AD comes from peripheral hyperinsulinemia, there is reason to
believe that restriction of dietary carbohydrates should be frontline therapy for AD. The
therapeutic and neuroprotective e�ects of ketone bodies are so e�ective, in fact, that one
researcher suggests a drawback of the modern, carbohydrate-heavy diet is that it is “keto-
de�cient.”

A classical ketogenic diet—with a staggering 70-90 percent of total calories coming from fat
—might not be necessary.  Classical ketogenic diets restrict protein as well as
carbohydrate, since 48-58 percent of the amino acids in dietary proteins can be glucogenic,
thereby undermining the purpose of a diet intended to generate a high amount of ketones
and limit glucose as much as possible.  As therapy for AD, however, simply lowering
carbohydrate intake to a point where some ketones are generated and hyperinsulinemia is
corrected could have positive e�ects just by easing the metabolic burden on the brain. That
is, one could reap the “bene�ts” of fasting (enhanced insulin sensitivity, reduced oxidative
stress, reduced AGE formation) by simply reducing carbohydrate intake to prevent chronic
systemic hyperglycemia. Moreover, a ketone-producing, lower-carbohydrate diet would still
allow for consumption of a wide array of low glycemic load vegetables and fruits, which are
typically richer in micronutrients, antioxidants, and phytochemicals than their high glycemic
load re�ned grain and sugar counterparts.  This would make this primary avenue for
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therapy more practical, since the di�culty with sticking to classical ketogenic diets is
typically that they’re unpalatable and too restrictive. This is also likely why much of the
research involving KBs as AD therapy is limited to exogenous ketones and MCT
preparations; classical ketogenic diets are extremely challenging to maintain. There is also
likely trepidation regarding such a high fat intake—particularly saturated fat—despite
mounting evidence even in the medical mainstream that saturated fat intake is not
associated with increased risk for cardiovascular disease, and that reductions in
carbohydrate intake, in fact, can improve risk for heart disease.  Promising avenues for
research in dietary therapy for AD are hindered by an outdated nutritional paradigm.

 FUTURE AVENUES
Although the ApoE4 genotype is strongly associated with development of AD, no genetic
heritage is a death sentence. Rather, it is the mismatch between this hunter-gatherer
genotype and a seemingly inexhaustible supply of inexpensive, readily obtained re�ned
sugars and carbohydrates, that brings about AD in these populations. Similarly, no genetic
heritage is a free pass. Groups with other variants of the ApoE gene are not immune to the
ravages of the modern diet. Hyperinsulinemia is the strongest known risk factor in non-E4
carriers, and overcomes whatever protection their genes might provide. AD is not a disease
of genetics, but one of epigenetics— the in�uence of diet, environment, and lifestyle on
how genes are expressed.

That Alzheimer’s disease appears late in life does not mean the causative cascade is not
started decades earlier. Like other “diseases of civilization,” AD builds slowly over time,
often with no overt symptoms, until damage is already widespread and, in some cases,
irreversible. What we consider the normal forgetfulness of older age might very well be
early warnings that the brain is struggling to fuel itself. Unfortunately, in the absence of
clear signs of glucose dysregulation (hypo- or hyperglycemia, obesity, etc.), people have no

reason to suspect something metabolically insidious is occurring. Therefore, regular
monitoring of pertinent markers—such as fasting blood glucose, fasting insulin,
triglycerides, and especially HbA1c—might be the only strategy for early detection.
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In cases of AD detected only after cognitive function has deteriorated to the point of
interfering with daily life, drastic interventions such as ketogenic diets and supraphysiologic
doses of helpful nutrients might be warranted. These are avenues ripe for exploration in
future research. Lifelong reduction of risk, however, should start early and include a diet
low in re�ned sugar and carbohydrates; rich in omega-3 fatty acids (speci�cally DHA) and
naturally occurring, stable saturated fats; rich in antioxidants and phytonutrients from low-
glycemic vegetables and fruits; emphasis on whole, unprocessed foods, and inclusion of
stress reduction and muscle-building physical activity.

The plethora of evidence linking hyperinsulinemia, T2D, mitochondrial dysfunction, and
glucose dysregulation—all resulting from the re�ned, chemically manipulated modern
Western diet—to Alzheimer’s disease suggests that the time has come for a drastic
reevaluation of across-the-board recommendations for entire population groups to
consume low-fat and low-cholesterol diets, which are, by default, high in carbohydrates.
Combined with stressful and sedentary lifestyles, and particularly when complicated by
cholesterol-lowering medication, this amounts to nothing less than a blueprint for creating
Alzheimer’s disease and other forms of neurological degeneration.

Sidebars

WHAT IS APOLIPOPROTEIN E?
Lipoproteins are vesicles that transport non-water-soluble substances—such as fatty acids
and cholesterol—through the bloodstream. Apolipoproteins appear on the surface of
lipoproteins, where they serve as ligands (recognition factors) for receptors and as
cofactors in enzymatic processes.  The gene for ApoE occurs in three isoforms, and it is
theorized that their distribution is related to human evolutionary migration patterns and
the historic adoption of grain-based agriculture. Groups with the longest exposure to
grain consumption have a lower E4 frequency, suggesting that high carbohydrate intakes
may have selected against E4.  

The three ApoE isoforms di�er by just one amino acid, but this substitution has dramatic
biochemical implications.  These single substitutions a�ect tendency to become glycated,
as well as determine binding a�nity to enzymes and receptors, which is why the three
isoforms are associated with di�erent trends in serum LDL, VLDL, and triglyceride
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measurements.  
Neurons have ApoE receptors, which suggests that ApoE plays a role in the delivery and
clearance of fatty acids, 
cholesterol, and phospholipids to and from the brain. Delivery and recycling of cholesterol
in the brain is critical because the brain contains 25 percent of the body’s total cholesterol—
used as an antioxidant, electrical insulator and key structural component of plasma
membranes. ApoE4 is associated with reduced LDL uptake and all the consequences that
would result from an inability to deliver cholesterol and fatty acids to target cells.
Cholesterol is an essential contributor to structure and function in the brain, and any
interruption in its supply would have extreme consequences for cognitive function.

WHAT TO AVOID TO HELP PREVENT ALZHEIMER’S DISEASE 
• STATIN DRUGS: Cholesterol is a vital part of the myelin sheath insulating neurons and
assisting in propagation of nerve impulses; metabolites in the cholesterol biosynthesis
pathway inhibited by statins are required to produce CoQ10 as well as functional GLUT4s.
Cholesterol is also an integral part of plasma membranes, lending structural stability. Any
pharmaceutically-induced disruption in endogenous synthesis of cholesterol—especially
when combined with long-standing, population-wide recommendations to limit dietary
intake—would starve the struggling brain of this absolutely critical nutrient. In fact, high
cholesterol levels later in life are associated with reduced risk of dementia, and the CSF of
AD patients has been shown to be lower in cholesterol than that of healthy controls.
HMG CoA reductase—the target of statin therapy—is abundant in brain cells. They require
a constant supply of cholesterol, and when its production is inhibited, the result is a loss of
myelin as well as malformation of membranes—including those of the mitochondria.
Compromised mitochondrial function deprives the brain of ATP. It is no surprise that
decades of recommendations to reduce consumption of cholesterol and perhaps
overzealous prescription of statin drugs have paralleled the rise in AD incidence.

• PROCESSED FOODS: These present a quadruple nutritional assault upon a brain su�ering
the ravages of the modern diet: they are usually high in re�ned carbohydrate; high in
rancid, easily oxidized vegetable oils; low in antioxidants; and low in vitamins and minerals.
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• EXOGENOUS INSULIN: Although insulin has been shown to improve memory and
cognition acutely, chronically 
high insulin levels are known to impair brain function.  Exogenous insulin would serve to
inhibit IDE more strongly, thereby preventing the clearance of Aβ, causing it to linger in the
brain interstitial �uid even longer, where it is subject to glycation and oxidation. As noted,
the greatest risk for AD is reserved for ApoE4 carriers who are treated with exogenous
insulin.

NUTRITIONAL THERAPIES FOR ALZHEIMER’S DISEASE 
The damage observed in AD brains is complex and multifactorial. Any intervention intended
to delay or possibly 
reverse this damage should therefore be a multipronged strategy designed to address as
many of the contributing factors as possible. The majority of these potentially helpful
practices are nutritional, but two can be considered lifestyle modi�cations. Obviously, the
foundation of what might be considered an “anti-Alzheimer’s strategy” is a reduced
carbohydrate diet. Beyond that, there are numerous nutritional supplements that could be
e�ective based on their biochemical functions: 
• Chromium picolinate: Chromium is required for proper function of the insulin receptor,
and has been proven to aid in glucoregulation and insulin sensitivity.  
• Zinc: Insulin degrading enzyme requires zinc as a cofactor.  
• High-quality cod liver oil: To balance the n-6/n-3 ratio and decrease in�ammation.
Generally, oils rich in n-6 fatty acids induce in�ammation in the body, while n-3-rich oils
stimulate anti-in�ammatory pathways. The ratio of n-6 to n-3 in the modern American diet
is estimated to be as high as 30:1, while our evolutionary dietary patterns suggest we are
physiologically suited to a ratio closer to 3:1.  Additionally, dietary imbalances of these
fatty acids cause imbalances in their incorporation into cellular and organelle membranes,
resulting in altered permeability and increased vulnerability to lipid peroxidation.
• Medium-chain triglycerides (MCTs): These saturated fatty acids (found mostly in coconut
and palm kernel oils) are metabolized di�erently from others and can serve as a source of
ketones even in the absence of carbohydrate restriction.  
• L-Carnitine: This amino acid is required by carnitine palmitoyltransferase-1, the enzyme
responsible for shuttling fatty acids into the mitochondria, as well as other enzymes in the
breakdown of fats.  A patient on a reduced carbohydrate diet with the speci�c intention of
ramping up fatty acid oxidation and ketogenesis could likely bene�t from supplemental
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carnitine. 
• Coenzyme Q10: CoQ10 is a vital member of the mitochondrial electron transport system
(and therefore generation of ATP) and also a potent antioxidant. CoQ10 administration has
been shown to reduce production of ROS by mitochondria exposed to Aβ in animal models
of diabetes.  With the AD brain struggling to produce energy and under great oxidative
stress, CoQ10 could be a powerful adjunct. 
• Antioxidants: In addition to increasing antioxidant-rich foods in the diet, supplemental N-
acetyl-cysteine for glutathione regeneration might be helpful. (It’s noteworthy that the fruits
highest in antioxidants are also lower in glycemic index and load; namely, berries.)
Supplemental superoxide dismutase might also be bene�cial. 
• Physical activity: Physical activity induces recruitment of GLUT4s and ultimately helps
maintain insulin sensitivity. Resistance training or weightlifting might prove particularly
bene�cial, as it would serve to increase muscle mass and potentially increase insulin
sensitivity. This might be especially protective if started early in life so as to minimize the
impact of sarcopenia (loss of muscle mass) as one ages. 
• Stress reduction: Cortisol, the primary glucocorticoid “stress hormone,” releases glucose in
response to acute stressors.  In our hyper-stressful modern environment, our bodies
almost always perceive dire threats all around us. Chronically high cortisol levels could
induce hyperglycemia even in the context of a reduced carbohydrate diet. 
• B : While B  is not necessarily required for a therapeutic diet for AD, it is important to
note that memory loss and cognitive decline are insidious signs of long-term B  de�ciency.
Su�cient stomach acid is required for B  absorption, and stomach acid production
naturally declines with age. Combine this with the possibility that older people are less likely
to consume B -rich foods (which can take more e�ort to prepare than convenient, ready-
to-eat re�ned carbohydrates), and B  de�ciency becomes fairly common in the elderly. B
de�ciency can even be mistaken for AD, so it’s worthwhile to have B  levels tested if AD is
suspected.
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THERAPEUTIC INTERVENTION FOR ALZHEIMER’S DISEASE 
Current Alzheimer’s disease (AD) therapies are typically piecemeal approaches aimed at
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treating individual symptoms, rather than addressing the underlying causes of the disease.
One drug manufacturer created a pharmaceutical drug to inhibit the enzyme that creates
Aβ from the amyloid precursor protein. Phase III clinical trials had to be stopped because
results were so damning against this treatment. Measures of cognition and ability to
complete daily living tasks were signi�cantly worse for patients receiving the drug than the
placebo.  Yet again, here is evidence that Aβ is not a causal factor. Production of Aβ is a
normal process and there is no evidence that AD patients overproduce it.  It becomes
pathological only when—due to peripheral hyperinsulinemia—it is not degraded and
cleared as it should be.

Several authors have proposed administering exogenous ketone bodies via pharmaceutical
MCT preparations. While this provides the brain with an alternative fuel and has been
shown to improve cognitive function, it does nothing to address the myriad other issues
attendant with the metabolic derangement that is likely the root cause of AD. The cognitive
decline seen in AD is not a disease in itself; it is the result of a lifetime of accumulated
dietary and environmental insults, which in older age �nally overwhelm the brain’s capacity
to protect and heal itself. Administration of KBs would neither alleviate hyperinsulinemia
nor restore insulin sensitivity at the BBB. MCTs could certainly be a powerful adjunct to a
reduced carbohydrate diet, which would reset the metabolic machinery, ease oxidative
stress, and reduce glycation. In the absence of dramatic dietary overhaul, however, the
administration of KBs is akin to bailing water out of a leaky boat without stopping to patch
the hole: you merely manage the e�ects while the root cause continues wreaking havoc.
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