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Abstract

Neurodegenerative diseases have both genetic and environmental
influences. Nutrition is a non-genetic factor that has a transcendental influence
on the prevention and treatment of these diseases. This review mainly
emphasizes the effects of dietary gluten and carbohydrates on cognitive
functions and development in most common neurodegenerative diseases.
Thus, early clinical studies prove an association between high glucose levels
(A1C), oxidative stress, and glycation caused by high carbohydrate diets,
cognitive impairment, and brain tissue loss. Obesity and brain tissue loss
linkage has been proven, using BMI and waist-hip ratio. Gluten has shown to
cause inflammation and cognitive impairment because of its association with
Alzheimer, Parkinson, Multiple Sclerosis, Autism and Depression. Mostly based
on epidemiological and clinical data, we suggest considering this knowledge for

an integral treatment of patients.
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Neurodegenerative Diseases

Neuro-Degenerative Diseases (NDD) are pathologies affecting
body functions such as balance, movement, respiration and diction.
The incidence is increasing and becoming a threat of converting into
a pandemic disease. NDD affect nearly a billion people all over the
world, without sex, education, or income distinction. Approximately
6.8 million people die each year from NDD, plus great amounts
of economic resources are invested for their treatment [1]. The
economic costs associated with these diseases can be of several types.
On one side, direct costs refer to those costs that are directly related
to the disease manifestations, characteristics and particular needs.
On the other side, indirect costs refer to those costs resulting from
the limitations that the disease produces over the patient’s quality
of life. Direct costs include the payment for medical care (doctors,
medicines, hospitalization) and the payment for non-medical
services (caregivers, home care, etc.). Most of non-medical services
are provided by unqualified personnel (volunteers, friends, family
members) who do not charge for their help, consequently becoming
informal costs. However, from an economic perspective, these are
resources that carry an opportunity costs (that could be used for an
alternative purpose) which is why they also represent an economic
cost. Indirect costs, on the other hand, although more complex
at the time of being quantified, may achieve significant amounts
for society. These costs account for the loss in labor productivity,
replacement costs due to retirement and mortality costs. This group
should also include the costs associated to the physical, psychological,
and emotional impacts that these diseases have on patients and on
their nearest environment, as well as the collateral negative effects on
their life expectancy, life quality, and on their personal, social and
professional development.

Within the neurodegenerative diseases, currently the one with
highest incidence is Alzheimer, a chronic ailment with unknown

cure, and highly incapacitating. It generally appears within people
who are over 65 years old, that is to say, at the end of their productive
life, and due to its slow progression, it may extend throughout time,
deeply affecting the total costs. In 2015, just in the United States the
total cost was estimated at $226 billion [2]. In Spain, according to
the last study released in 2014, the annual total cost per patient was
estimated in 6325 Euros, it can reach up to 33 and 56 billion in 2030
and 2050, respectively [3].

In many cases, Alzheimer may lead to Dementia. This disease,
according to the Tenth International Classification of Mental
Diseases (CIE-109) published by the World Health Organization
(WHO) in 1992, is characterized by the deterioration of the memory,
the intellectual capabilities and the social conduct, and by the lack
of control over emotions and motivations. Although age is the
major risk factor, this disease is not exclusive of the senescence but
it may also be present in young individuals thus increasing the costs
related to lost productivity [4]. In 2010 around 35.6 million people
worldwide living with dementia and the figure is expected to double
every 20 years [5]. In this way, the cost of NDD just in Europe in 2010
has been estimated at 143.000 million Euros, for dementia has been
estimated at 16548 Euros and Parkinson s disease by 11153 Euros for
patient [6].

In Latin America, the costs do not vary significantly. However,
the difference is that due to the lack of welfare policies, almost the
entirety of costs is directly charged onto the patient and his family
members. In this sense, poor people are more defenseless and
unprotected against the ravages of these alterations [4].

Furthermore, Dementia is directly related to other
neurodegenerative diseases. Around 30% of patients with Parkinson
may present dementia [7]. Due to its incidence in the total population,

this neurodegenerative disease is the most severe after Alzheimer.
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Parkinson is a chronic, progressive and irreversible neurodegenerative
disease that generally appears in people who are around 60 years old,
producing elevated indirect costs [8]. This disease is not fatal by itself;
average life expectancy of a patient with Parkinson is generally the
same as the people who do not suffer from it. Therefore, direct costs
for the family and for society may reach high amounts [9].

Another disease of neurological origin is depression, which,
when recurrent, may become degenerative. It generates grave social
incapacities and may achieve high mortality figures, making it
an expensive and very costly disease for society [10]. Unlike other
diseases whose prevalence is given to people over 60 years old,
depression may affect people at the peak of their productive age,
in the age range between 30 and 40 years old [11]. Furthermore, at
the beginning of the millennium, dementia and depression were
recognized as a severe public health issue. This recognition obeys not
only to the high morbidity and mortality rates associated with theses,
diseases, but also to the decrease in the patient’s healthy life years [11].

The high costs, both human and economic, of neurodegenerative
diseases, require the urgent development of public policies that
include social, economic and scientific elements, so as to prevent,
address, approach and restraint the uncontrolled growth of its
prevalence. In this way, the dietary components, which can prevent
or promote neurologic health, are the key to future interventions for
these pathologies. A healthy nutrition in childhood, adolescence and
adulthood can prevent the risk of developing cognitive impairment
and NDD at elder stages oflife. In this way, research has described the
power that nutrition has over prevention and treatment of NDD such
as Alzheimer, Parkinson, autism, headaches and depression, even
in genetic predisposed individuals [12-16]. The omega-3 lipids are
nutrients that have shown to have protective effects [17]. Nutrition s
greatest influence is on prevention of physiological states such as
inflammation or oxidative stress, which in chronic conditions,
promote brain disrepair, neurodegenerative impairment, and in
certain cases NDD. On the other hand, certain dietary nutrients have
shown to favor states of chronicle inflammation and oxidative stress,
previous stages of NDD. Epidemiological, experimental and animal
research have established a close relation between high intake of
carbohydrates and brain disrepair, caused by brain shrinkage [14,18],
cognitive impairment [19,20], or even body weight [21,22].

On the other hand, the incidence of gluten intolerance and celiac
disease has grown drastically in recent years, which can be explained
by an increased use of genetically engineered foods. These genetic
processes have modified food’s composition and the way body
metabolizes these new processed foods [17,23]. Gluten intolerance
(not synonym of celiac disease) has shown to have an influence
on autism development and low brain performance, producing
physiological changes in the brain [24,25].

Neurodegenerative Diseases and Diet

Neurodegenerative diseases are illnesses that affect the brain,
specifically neurons. The most common symptoms caused by these
diseases include malfunctions in balance, respiration, movement,
reflexes, motor skills, or even in heart beat activity [26-28]. There are
various risk factors that influence the incidence of NDD, these can be
genetic, for example, the ApoE e4 protein on Alzheimer, or can be
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Figure 1: ROS effects over brain functions.

non-genetic factors. Nutrition is the non-genetic factor that has shown
the greatest influence on NDD incidence and development [17]. The
common factor in most NDD is a state of chronic inflammation,
which is greatly influenced by nutrition.

The brain can suffer from inflammation, although it cannot be
felt like in other tissues because the brain has no pain receptors, so
its inflammation will be impossible to be detected without specific
exams. Chronic brain inflammation will trigger accelerated cell
death, interfering with proper chemical neuronal functions, causing
cognitive impairment [29,30] and, in certain cases, it has been related
to an increased risk of suffering from NDD [17,31,32]. Inflammatory
processes are localized responses, which will remain activated during
oxidative stress, creating a destruction and death cycle impossible to
break without antioxidant defenses (Figure 1). This process starts as
a body defensive mechanism, but in chronic conditions, it leads to
cell impairment and death [17,31-34], the turning point in which
changes from a protective mechanism into a chronic inflammation
is still unknown.

Research has shown that there are excessive amounts of cytosine,
beta-amyloid plaque, and pro-inflammatory compounds (microglia
and astrocytes) on Alzheimer patient’s brains. Oxidative stress has
been shown to be a precursor of neurological impairment, a previous
condition to the development of this disease. In addition Reactive
Oxygen Species (ROS) reactivity has shown to interrupt nervous
terminal activity, causing brain dysfunction, synopsis and memory
loss [31,32,34].

Glycation

The excessive carbohydrate intake will lead to increased glucose,
blood levels, causing an increase on glycation processes in the body.
Glycation refers to the attachment of glucose molecules to amino
acids, proteins or lipids [17,35]. These attachments can create
post translational modifications in amino groups of proteins or
lipoproteins. They can also create chemical modifications, which
can change the molecule s functionality [36]. Glycation’s advanced
products will have effects on a protein s shape and flexibility, leading
to increased states of oxidative stress and inflammation processes
[17]. Glycation is a normal process in our bodies that is responsible
for natural signs of aging such as skin wrinkles or discolored skin.
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Dietary factors, such as an excessive intake of carbohydrates, can
lead to an increase of this process [17,37] along with harmful effects
on organs such as the brain. This process is equally responsible for
the vein and artery wall hardening that affect organ functions such
as heart and brain, which are related to arteriosclerosis and vascular
dementia. A glycated protein has a higher tendency for cross-linking
with other proteins provoking a chain reaction that increases 50 times
the production of ROS than a non-glycated protein. This process
will end in lipid, protein, and DNA impairment and in accelerated
cell death, which is a previous state to cognitive impairment and
depression [16,17,36].

One of the most relevant glycations with NDD is the cholesterol s
glycation that will form the Low Density Lipoproteins (LDL). This
will change its functionality, affecting neuronal health. The main LDL
function is to trap cholesterol and transport it to the neurons, where
it will participate in vital functions such as the plasmatic membrane
synthesis, which is responsible for the neuronal cell’s permeability.
An alteration in this lipoprotein will lead to an incapacity to enter to
the astrocytes, cells filled with neurons, not only losing their function,
but leaving the cells without cholesterol for vital functions [17,38].

Carbohydrates

Carbohydrates are food nutrients, whose main task is to provide
energy for body funcitions [39]. The homeostatic balance between
energy intake and expenditure has suffered a dramatic change in
recent years, causing harmful effects on people’s health. The excessive
dietary intake of carbohydrates, in comparison with its use as energy,
has caused increased blood glucose levels in people.

This blood glucose level increment seems to be the first step for a
series of chain reactions which cause a variety of complications that
will increase the risk of suffering of neuronal impairment [40]. An
investigation done by Cherbuin et al. has described that high glucose
levels have been related with the reduction of certain parts of the
brain. They demonstrated that people with “normal” blood glucose
levels or people who were on normal superior ranges (above 100mg/
dL) have a higher risk of suffering brain shrinkage (between 6-10% of
tissue) in memory and cognitive related areas of the brain. There was
also a relation between higher levels of blood glucose and a greater
area of brain tissue loss [18].

On the other hand, Kerti et al. analyzed the relation between
blood glucose levels, cognitive performance (memory functions),
and hippocampal volume, leading to similar results. People who had
higher blood glucose levels showed lower scores on cognitive tests.
This was explained by micro-structural hippocampal tissue loss [19].

Yaffee et al. in 2012 presented their study results concerning
the relation between diabetes and cognitive impairment. When
compared to non-diabetic patients, people who suffered from
diabetes had substantially lower scores on cognitive tests showing
an accelerated cognitive impairment. A direct relation was shown
between impairment rate and high levels of glycosylated hemoglobin
(A1C), an indicator of long term (90-120 days) glycemic control. The
higher the A1C levels were, the faster the cognitive impairment was.
This relation was explained by chronic states of inflammation, which
were caused by an increased amount of final products of advanced
glycation [20].

In addition to these studies, there are studies like those made by
Enzinger et al. where they compared different degrees of brain tissue
loss with glycosylated hemoglobin levels. They observed that higher
levels of A1C duplicated the risk of brain damage in comparison to
patients with lower levels of A1C. Therefore, diabetes is a risk factor
for Alzheimer doubling the probability to develop this illness [41].
Hamer et al. related A1C with depression, describing the altered
glucose metabolism as a risk factor, explained by protein glycation
processes that altered the metabolism [42].

Also, obesity has been described as a risk factor for brain
impairment. An excessive carbohydrate diet (over 60% of daily caloric
intake) increases the risk of cognitive impairment, as described
by Geroldi et al, who demonstrated that a higher waist-hip ratio
was related with a smaller hippocampal area, which is related with
memory functions. The study also observed that the higher the waist-
hip ratio was the higher chances the person had to suffer from brain
strokes in adulthood [43].

Raji et al also determined that patients with a BMI>30kg/m?
(obesity) had similar brains to people 16 years older than people
with a “normal” (BMI= 18.5 - 24.99 Kg/m?). They also observed that
overweight people (BMI= 25 - 29.99 Kg/m?) had a brain apparently
8 years older than a person with normal weight. Obese patients had
8% less brain tissue than patients with normal weight, and overweight
patients had 4% less brain tissue than patients with a normal BMI.
The brain areas associated with tissue loss were frontal temporal
regions, which are involved in decision making and memory [21].

Also Whitmer et al. evaluated the relation between body fat and
dementia. They observed that people with the highest amounts of
body fat were twice as likely to develop some sort of mental disorder.
Therefore, hey concluded that central obesity (abdominal fat), just like
diabetes and cardiovascular diseases, is a risk factor for developing
dementia. This increment in body fat is known to be caused by an
excessive dietary intake of simple carbohydrates [43,44]. Finally, Bigal
and Lipton showed that chronic headaches on a daily basis, were 28%
higher in obese participants (BMI > 30 Kg/m?) than in control group
patients who had normal weights. Moreover, patients who suffered
from morbid obesity had 74% higher probabilities from suffering of
chronic headaches than control group [13].

Described evidence is relatively new; nevertheless, different
studies lead to similar conclusions: The excessive fat storage, caused
by a negative energy balance of high carbohydrate diets, impedes
the body to use these fat reserves as an energy source. A high
carbohydrate dietary intake continuously produces and releases
insulin as a metabolic response for its utilization, but this excessive
insulin production will also trigger fat storage, hence in-creasing
lipogenesis and inhibiting its use for energetic purposes. As a result,
the body will start to accumulate fat that cannot be used by the body
as an energy source, because it will be “kidnapped” by constant high
levels of insulin, caused by the continuous insulin production as a
response to a high dietary intake of carbohydrates, creating a cycle
that promotes obesity [17].

Gluten

Gluten is a protein found in most of carbohydrate rich foods,
such as cereals like wheat, barley, rye, spelt, oats, and their derivatives
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[23,45]. They are mainly composed by glutein and gliadin, attached
by intramolecular disulfide bonds, which provide elasticity,
extensibility, sponginess, stickiness, and volume. The gliadins present
in wheat have ideal characteristics for food industries, which is why
many foods that are naturally gluten-free, in processed foods they
include it [45,46]. Gliadins contain the majority of components that
produce adverse effects on genetically predisposed gluten intolerant
people. Wheat is the cereal with the greatest amount of gluten, on
its majority, composed by gliadin, and it is also the most consumed
cereal all over the world. The rest of cereals that contain gluten are
composed from toxic peptides which are homologous to gliadins, like
hordein in barley, secalin in rye, and avenin in oats [23,46,47].

Nowadays, food industry has modified cereals, causing them
to contain 40 times more gluten than cereals that were produced
decades ago, these modifications have caused metabolic alterations in
people, with a great variety of health effects [17,23].

Seeking methods for optimizing food production,
hybridization and genetic alteration techniques have been developed
in wheat and barley seeds. These modifications have altered food’s
composition and little chemical and compositional relation is left
with unprocessed cereals. Actually, the body is being exposed to
ingredients that genetically is not prepared to metabolize [17,48,49].

new

Celiac disease is defined as “a permanent intolerance to gluten that
is presented in genetic predisposed individuals and it is characterized
by an inflammatory immune reaction in the intestinal mucus
and obstructs the absorption of micro and macro nutrients”. The
incidence on celiac disease has suffered a significant increase all over
the planet [23,47,50] and estimations predict that 2% of the general
population can suffer of celiac disease. On the other hand, gluten
intolerance affects 1 out of 17 people and it can provoke different
physical alterations, such as inflammation, intestinal damage and
cognitive impairment [17,47]. A person can suffer from this gluten
intolerance without presenting evident symptoms, reason why it can
be confused with symptom like pathologies [17,50].

When the body reacts to a potential harmful exogenous
compound, a defensive reaction triggers causing inflammation.
The purpose of an inflammatory response is to identify and protect
the body from harmful particles, chemical compounds or traumas.
Inflammation mechanisms triggered by gluten particles have
different causes, which include a lack of digestive enzymes (intestinal
glutaminase), an increased production of anti-prolamin antibodies,
increased inflammation mediators (histamine, serotonin, kinins,
prostaglandins and interleukins) or increased intestinal permeability
for macromolecules and antigen proteins [51]. These processes not
only affect intestinal tissues which increases the probability of allergy
development, but they also produce a high amount of cytokines which
cause brain tissue damage [17]. Another problem caused by immune
reactions triggered by gluten, are the auto-immune attacks by the
anti-gliadins (antibodies in charge of identifying and neutralizing
gliadins present in gluten). These anti-gliadins may confuse proteins
found in the brain that are similar to gliadins and attack them without
differentiation. This autoimmune process will cause an increment on
inflammatory cytokines (monocytes, macrophages, and neutrophils)
causing reactions that attack brain cells in various fronts [17,52].
Pathologies such as Alzheimer, Parkinson, multiple sclerosis, and

autism have reported high cytokine levels, reason why therapists
have focused on inflammatory prevention treatments. Hadjivassiliou
et al. established that gluten intolerance is common in neurological
disease with unknown cause, and it can have etiological relevance.
In addition, people with gluten intolerance can have problems in
brain function without presenting any gastrointestinal symptoms
whatsoever [53,54].

Knowledge of gluten effects on cognitive functions is recent,
however, as carbohydrate findings, evidence is concise. One of
the first studies analyzing the relation between gluten and brain
was performed by Whiteley et al in 1999. They found a conduct
improvement on autism patients when they were exposed to a gluten-
free diet, and when they consumed gluten accidentally, behavior
change was alarming according to parents and professors [24,25].

Murray et al. in 2006, observed an association between progressive
cognitive dysfunction and celiac disease. Some of the individuals that
underwent a gluten-free diet had a significant cognitive improvement.
The authors pointed out that cytokines in charge of inflammatory
processes can have an impact on brain function aggravating cognitive
problems, which sets a precedent for further and deeper investigations
for development of new dementia treatment [55].

The author Ferreti et al. determined that people with celiac disease
have an overproduction of ROS, which interact with lipids, proteins
and even with DNA. Moreover, apart from the overproduction of
ROS, people with this pathology suffer from alterations in antioxidant
mechanisms, such as the reduction of glutathione (powerful cellular
antioxidant), vitamin E, retinol, and vitamin C, which are compounds
in charge of counterbalancing ROS effects. It is like if gluten’s
presence would disable the immune system. Immune reactions have
been proven to activate ciclooxigenase-2 (COX-2) and alfa tumoral
necrosis factor (TNFA a) which are two pro inflammatory compounds
characteristically present in Alzheimer disease. Nevertheless, dietary
components such as omega-3, flavonoids, and carotenoids have
shown to modulate the oxidative stress, caused immune response to
gluten [29].

Ludvigsson et al. evaluated both the risk of depression for people
that suffered from celiac disease, and the risk of having celiac disease
when depressed. It was found that celiac patients had 80% higher
risk of suffering depression, while the risk of depressed people to
be diagnosed with celiac disease was increased a 230% [56]. James
Greenblat, a psychiatric treatment pioneer, mentioned that untreated
celiac disease can exacerbate the symptoms of depression, and could
even be the underlying cause. He also declares that patients with
depression should be evaluated for nutritional deficiencies because it
is possible that celiac disease might be the correct diagnosis instead
of depression [57].

A rich carbohydrate diet is each time more proven to have a close
relation with cognitive impairment processes, increasing oxidative
stress and chronic inflammation. Evidence is recent; however,
investigations are each time proving with different evidence that is
urgent to make changes not only in nutrition, but also on food’s
composition and production technologies that can be harming our
health. Increased gluten availability in population’s diet is having
considerable effects on people’s health that consume it. Food daily
choices can define human physiological conditions, which could
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define health status in time. This is the real importance of underlying
the power of food on people’s health. It is highly important and

necessary to develop new investigation lines in new areas that could
help understand, from an integral point of view, the influence that
food choices have on people’s health, for example in prevention and
activation of neurodegenerative diseases.
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