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Abstract
There is no approved drug capable of halting the progression of the most prevalent neurodegenerative 
disorders, namely Alzheimer’s disease (AD) and Parkinson’s disease (PD). Current therapeutic strategies 
focus mainly on the inhibition of the formation of protein aggregates and their deposition in the central 
nervous system. However, after almost a hundred years, proper management of the disease is still lacking. 
The fact of not finding effective management tools in the various clinical trials already carried out suggests 
that new hypotheses and strategies should be explored. Although vast resources have been allocated to the 
investigation of protein aggregates and the pathophysiology is now better understood, clues to the actual 
etiology are lacking. It is well known that brain homeostasis is of paramount importance for the survival 
of neurons. Drugs that target the periphery are often not subject to evaluation for their potential effect on 
the central nervous system. While acute treatments may be irrelevant, pills used for chronic conditions 
can be detrimental to neurons, especially in terms of progressive damage leading to a long-term decline in 
neuronal survival. Due to the lack of advances in the search for a curative treatment for neurodegenerative 
diseases, and the lack of new hypotheses about their etiology, a novel hypothesis is here proposed. It 
consists of assuming that the effects of the drugs most commonly used by the elderly, such as antihypertensive, 
hypoglycemic, and hypocholesterolemic, could have a negative impact on neuronal survival.
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Introduction
In the last two centuries, human life expectancy has increased remarkably. Natural selection has not had 
time in just 200 years to eradicate some diseases in older individuals. However, humans have managed to 
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extend life in the most technically and scientifically developed countries, but with the risk of suffering serious 
age-related diseases. One of them, Alzheimer’s disease (AD), whose global burden on Earth is extreme, is 
among the most serious diseases of the elderly and scientists have found no cures or effective treatments [1, 2].

AD is included among the so-called “dementias”. The Alzheimer’s Association claims: “Dementia is an 
overall term for diseases and conditions characterized by a decline in memory, language, problem-solving, 
and other thinking skills.” [2–4].

Despite the fact that AD research is receiving a large percentage of the research budget in all Western 
countries [3], there is still no curative or palliative treatment. Unlike cancer research, in which several 
therapeutic interventions have been developed in the last decade, neurodegenerative diseases remain on 
the fringes of therapeutic advances. One of the main differences between research related to oncology and 
neurodegeneration is that, in the former, several hypotheses had been addressed, and some of them have 
been successful. In contrast, research on neurodegenerative diseases has focused primarily on one hypothesis, 
namely neuronal damage resulting from protein aggregation. Protein aggregations in AD lead to what is known 
as (extracellular) beta-amyloid plaques and (intracellular) neurofibrillary phospho-tau-protein-containing 
tangles. Taking into account the lack of advances when considering the hypotheses related to protein 
aggregates, it is necessary to look for novel hypotheses to get out of explored and failed paths.

Prevalent but unsuccessful hypothesis about why a given individual 
develops AD
The prevailing hypothesis is that patients accumulate proteins outside and inside brain neurons that, over 
time, kill cells necessary for cognition and memory retrieval. Cell death is progressive and sufferers deteriorate 
as neither cure nor delaying interventions are available [4].

Protein accumulation and aggregation in the extracellular medium is known as “plaque” and mainly 
contains “amyloid”, a degradation product of the amyloid precursor protein (APP). After investing extremely 
high resources to obtain a large amount of data on AD, it is quite puzzling why we still do not understand the 
function of APP [5, 6]. This has not deterred attention from the “amyloid” hypothesis for years and years, yet 
it is paradoxical that the question Drachman [7] posed in the title of his 1986 article: “Plaques and tangles in 
Alzheimer’s disease: cause, consequence or epiphenomenon?”, has not found an answer to this day.

From the start, the amyloid hypothesis was dismissed by some scientists, who have been silenced and 
not allowed to adequately test alternative hypotheses (see Conclusions). These scientists thought that the 
protein buildups were a consequence and not a cause.

At the moment, several data suggest that the negative effects caused by amyloid plaques include the 
so-called “neuroinflammation” which is supposed to impair the survival of neurons. Proinflammatory 
events in the central nervous system (CNS) may be caused by protein aggregations or may be due to the yet 
undiscovered pathophysiological mechanisms. The improvement in cognition observed in animal models 
of AD when plaques are diminished by the use of antibodies is not inconsistent with an amyloid-independent 
cause of disease onset [8]. The gold standard in the management of a disease is to address the cause(s). 
Therefore, if amyloid plaques are a consequence of a disease that aggravates symptoms, a decrease in amyloid 
load may be beneficial, but not because it addresses the cause(s). This notion is especially relevant if, as 
coined by Cacabelos et al. [9], AD is a “spectrum of syndromes”.

Scientific dogma may prevent finding solutions for combating AD
Since dogma often prevails and dissident visions are silenced by the system at large [10], everything 
possible was done to combat the “cause” of AD, namely dissolving amyloid plaques. Many of the most 
powerful research laboratories and many of the most powerful companies developing drugs to cure diseases 
began a race to dissolve amyloid plaques that ended in nothing. Extraordinary resources were wasted and 
thousands of patients were recruited for interventions that did not provide any encouraging results in terms 
of effective management of AD.
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It is worth reading the article “On the origin of Alzheimer’s disease. Trials and tribulations of the 
amyloid hypothesis” [8]. Actually, the dogma has been translated into another neurodegenerative disease, 
Parkinson’s disease (PD), characterized by tremors and walking difficulties. PD and AD share chronicity, 
progression, and the occurrence of protein deposits. α-synuclein is the protein that accumulates in PD. In 
fact, many resources related to PD research are devoted to approaches to dissolving α-synuclein aggregates 
that have been used to dissolve amyloid [11]. The results are expected to be little or nothing. Fortunately, PD 
patients have a range of efficacious interventions helping them in addressing symptoms. It should be noted 
that in extreme cases, surgery allows electrodes to be inserted into the brain to stimulate brain areas that are 
involved in motor control. Therefore, PD patients have better prospects/hopes than AD patients.

Lack of biomarkers for diagnosing and assessment of neurological disease 
and disease progression
A basic flaw underlying both diagnosis and research is the lack of biomarkers for neurological diseases. 
Clinicians rely on indirect means to make AD diagnoses. This is a major drawback that has not been resolved 
despite the resources allocated. Again, the search for amyloid-related biomarkers had a negative impact 
on the search for truly useful biomarkers. The old controversy about the role of amyloid is now translated 
into discovering whether increases in amyloid-derived products correlate positively or negatively with 
symptoms or whether they predict rapid or slow disease progression. Based on research developed in our 
laboratory [12–14] and data from the literature [15–17], we believe that adenosine 3’,5’-cyclic monophosphate 
(cAMP) and/or guanosine 3’,5’-cyclic monophosphate (cGMP) in cerebrospinal fluid may be better biomarkers 
for assessing AD status than the determination of the amount and ratio of amyloid species.

Diabetes has a key biomarker, glycemia, and other secondary biomarkers (e.g., insulin and glycosylated 
hemoglobin blood levels) that help direct clinical interventions. Professionals have good references and 
follow equivalent protocols to treat diabetes. There are good biomarkers for hypercholesterolemia, while 
high blood pressure can be directly addressed using a simple device that the patient can use at home. The 
lack of suitable biomarkers for almost any trouble affecting the brain has consequences. Probably the two 
most relevant are:

(1) The presence of different clinical symptoms is diagnosed under a single condition, for example, AD.
(2) Physicians do not have a reference to act consistently, that is, to prescribe the same therapy/

intervention for a given clinical scenario.

Limited utility of animal models of AD
Any intervention aimed to alleviate the symptoms of a disease first requires testing in animal models. In 
agreement with the amyloid dogma, one rodent model consists of overexpressing a mutant form of human 
APP. Over time the mouse develops memory impairment that is measured with a method consisting of a 
water maze also known as the “Morris water maze”. What is striking and correlates with the fact that the 
amyloid hypothesis is dubious is that neuronal death does not occur. Similar to the human condition, the 
“symptoms” in animals appear late in life. Unlike in humans, it is not due to any significant neuronal death. 
Surprisingly, these animal models improve cognitive decline when very different drugs are administered. The 
image in Figure 1, taken from an article entitled: “Successful therapies for Alzheimer’s disease: why so many 
in animal models and none in humans?” [18], reflects the fact that scientists are producing animals having 
“human diseases” in which a myriad of different molecules are tested for efficacy. The “Alzheimer’s disease” 
in rodents is relieved by hundreds of different molecules [18]. Various types of drugs have been shown to be 
effective in reversing cognitive decline in animal models of AD. These include ligands for G protein-coupled 
receptor (adrenoceptors, histamine receptors, etc.), cAMP/cGMP phosphodiesterase inhibitors, and molecules 
targeting enzymes involved in the epigenetic mechanisms [13, 19–22]. Among the more than 65,000 articles 
in PubMed (as of January 2023) on “therapy” and “Alzheimer’s”, there is even room for the “demonstration” 
that moderate consumption of Cabernet Sauvignon wine reduces amyloid pathology in the model of AD from 
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Tg2576 transgenic mouse [23]. Unfortunately, drugs effective in animals become ineffective by the time they 
reach clinical trials in AD patients.

Figure 1. Cartoon depicting the many reported possibilities for “curing” animal models of AD [18]. Copyright retained by Nuria 
Franco (franconuria@gmail.com)

Why do neurons die?
Neurons in AD die and the causes cannot be very convoluted. Either there is a lack of activity, a lack of 
nutrients, a lack of oxygen, or all together. The triggers may be different, but the steps towards cell death may 
have common denominators.

Limited impact of viral infections
A possible culprit in AD, as in almost any other disease, is a viral infection. It has been suggested that a virus 
that cohabits with humans is to blame for AD. Herpes simplex virus types 1 and 2 [24] infects neurons when 
immune cell function is undermined due to disease, improper nutritional status, etc. Active infections are 
painful and obvious. Despite the impact of active infection on neurons located outside the brain, a similar 
infection in the brain would cause significant symptoms, which have not been reported as a step prior to 
the diagnosis of AD. Is the virus latent in the brain thus contributing to the neurodegeneration caused by 
the key factors that cause AD? Could some of the patients have had concurrent active infections that led to 
neuronal cell death? These are reasonable possibilities, but the illness cannot be attributed to a virus. As in 
cancer, AD is not primarily due to viruses, but exceptions can occur and viral infections can trigger neuronal 
death and/or accelerate AD progression.

Revisiting risk factors
Although the main risk factor for AD is age, all robust epidemiological studies agree that other relevant 
risk factors are diabetes, hypertension, and/or hypercholesterolemia, that is, people who have one or more 
of these conditions are more likely to develop AD-type dementia [1, 2, 25]. The hypothesis put forward in 
this article is that it is not the disease, but the chronic medication against diabetes, hypertension, and/or 
hypercholesterolemia that is the cause of the increased risk of AD. Could it be that the sooner these drugs 
are taken, the greater the risk of AD? There is evidence suggesting that communities using herbal-based 
remedies or reluctant to take pills have a lower risk of AD (see Distribution of patients with AD in 
different populations).

https://doi.org/10.37349/ent.2023.00035
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Data used to build up novel hypotheses
The nuns are religious women who live together, which means they have similar eating and social behavior. 
Why do only some of them get the disease? A report known as the “Nun Study” [26, 27] supports the idea that 
lifelong knowledge acquisition and mental activities help prevent AD.

An important piece of information that is often missing, but that is important is the profession of the 
AD patient. One wonders, for example, how many piano virtuosos suffer from the disease. Pianists must 
use both hands in two separate patterns, one for each hand. Music shapes the brain in a way that it may be 
refractory to neurodegeneration. It is also intriguing why we think the size and weight of their brains are quite 
similar. One may be surprised by the results of both meson-based telemetry and direct inspection at forensic 
offices. The weight of the human brain within a given population can differ very significantly. Apart from the 
extremes reported for renowned writers, 2.021 kg for Ivan Turgenev and 1.017 kg for Anatole France [28], 
the average brain weight within a Nepali homogeneous population aged 21 to 30 is 1.372 kg, with a range 
of > 400 g (1.150–1.588 kg) [29]. In a specific region of northwestern India, the brain weight of people aged 
21–30 is reported to vary between 1.040 kg and 1.620 kg (average of 1.340 kg) [30]. This high variability is 
surprising and suggests that neural reserve and neural connectivity have not been adequately addressed. 
Cognitive reserve can be considered as an indicator of the number of connections between neurons. Although 
the number of connections cannot yet be measured, it has been shown that there are marked differences 
in the brains of musicians and non-musicians [31, 32]. A piano virtuoso is likely to develop many more 
neuron-to-neuron connections than the average individual. As a result, compromised neurons in a pianist’s 
brain will take longer to die than equivalent neurons in many other brains that have fewer connections. There 
is evidence that playing musical instruments that require the synchronization of both hands could protect 
against neurodegenerative diseases [33, 34]. An interesting study on twins (musician and non-musician) 
provides encouraging data suggesting a protective effect of pursuing a professional career in music. A 
meta-analysis by Walsh et al. [35] suggests that there is a trend, but more research should be done to confirm 
a relationship between being a professional musician and a lower dementia risk.

Taking into account all the possible scenarios, the still missing data, and the misleading dogmas, it is 
necessary to further explore why neurons can remain active and survive for years or, alternatively, decay 
and die.

Known factors affecting neuronal activity
A naive look is convenient to avoid falling into any dogma. For instance, in our opinion, data on caffeine 
is relevant. Taking caffeine prevents both AD and PD [36–48]. All civilizations on Earth know that keeping 
a person awake and alert can be achieved through the action of drinks containing caffeine and related 
molecules (methylxanthines). Although not directly related to neurons being more alert, physical activity 
is also considered good for preventing AD. But there is something in common when you consider playing a 
musical instrument, caffeine consumption, and physical activity. In all cases, the neurons in the brain get what 
they need to stay active and alive. In reality, this is a hormetic mechanism, a type of mechanism that is often 
overlooked in assessing human health and disease [8, 49–51].

In short, the blood supply and two main components in blood, oxygen, and glucose, are key to keeping 
neurons alive. These well-known facts support that:

(1) Physical exercise (including walking) prepares the cardiovascular system to react when the brain 
requires more blood to perform an activity (physical or mental). 

(2) Playing musical instruments that require both mental activity and motor coordination prepares the 
cardiovascular system to allow adequate blood supply to the brain.

(3) Taking caffeine quickly produces more blood supply to the brain: if an individual is more alert, brain 
regions are better interconnected.
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Lack of knowledge about side/long-term effects of widely used drugs
The different phases (I, II, III, and IV) of the clinical trials necessary to decide on the approval of a drug for 
human use are intended to confirm the efficacy and avoid side effects. However, such adverse events are 
usually addressed in short periods of time. There is very little information on the long-term effects of chronic 
treatments. It is fair to assume that the benefits outweigh the risk of any long-term side effects [52]. However, 
the increase in life expectancy and the overwhelming use of pills by the elderly make it necessary to review 
the benefit/risk balance. Except in the least westernized countries, older people take pill-based medicines. 
At least one pill in 60% of people older than 65 years and at least 2 or more pills in 85% of people older than 
70 years [53]. Surely it is difficult to design a trial to assess the long-term side effects of drugs, but in our 
opinion, it is necessary to assess whether chronic therapies are influencing the appearance or worsening of 
other diseases, especially neurodegenerative diseases whose main risk factor is age.

The brain is the most sensitive organ in terms of oxygen and nutrient supply, so any drug that regulates 
vascularization or in situ nutrient uptake/synthesis is expected to affect brain homeostasis. Any drug 
that reaches the brain, even in a small concentration, will have an impact on the activity of the brain. Any 
peripherally acting drug that affects cerebral blood flow or the concentration of nutrients entering the 
brain can also affect brain performance and neuronal survival [54]. In this article we will focus on three 
diseases that chronically affect the elderly:

(1) Diabetes: characterized by increased glucose concentration in blood plasma due to problems 
getting glucose inside the cells. Medication aims at lowering the levels of glucose in the blood.

(2) Hypertension: characterized by increased pressure in blood vessels that may lead to breakage, 
blood leakage, and life-threatening situations. Medication aims at lowering the blood pressure.

(3) Hypercholesterolemia: characterized by increased levels in the blood of cholesterol-containing 
lipoproteins that may lead to blood vessel obturation and failure to deliver oxygen to the tissues. Medication 
aims at lowering the levels of lipoproteins in the blood, especially the level of low-density lipoproteins (LDL).

Now, the question is whether there are risks of taking medications for life. To answer it, one should be 
aware of two facts:

(1) Cognitive reserve is essential for neuronal survival when nutrient supply and physical activity decline 
with age.

(2) Levels of both glucose and cholesterol in healthy populations increase with age.
Consequently, the hypothesis to be validated would be: does aging combined with pills to reduce 

blood glucose, blood cholesterol, and hypertension facilitate neuronal death due to the lack of supply of 
essential molecules?

Let’s take a closer look at this possibility based on data/evidence.

Survival of aged neurons requires activity and energy from glucose oxidation
The neuron-to-neuron connection is a dynamic process by which the contacts between neurons are subject 
to continuous plastic changes. Aging from a hectic life to a boring retirement is accompanied by a loss of 
connections, that is, of cognitive reserve. Reduced perfusion with a shortage of oxygen and glucose impacts 
neuronal fate. Glucose is essential for neuronal activity and survival. Can reduced activity plus the reduced 
supply of essential components lead to extreme cellular suffering and ultimately neuronal death?

Pills to reduce cholesterol impact on neuronal survival
When clinical chemistry was developed in the middle of the 20th century, the main textbook showed that 
older people have more cholesterol and more glucose than young people [55]. Linking high cholesterol to 
heart problems led to the development of serum cholesterol-lowering pills. The question is where to put the 
threshold, first set at 220 mg/100 mL and now at 200 mg/100 mL.

https://doi.org/10.37349/ent.2023.00035
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Blood cholesterol-lowering pills can lead to a shortage of cholesterol in neurons and glial 
cells (Figures 2 and 3). Neurons need cholesterol and it is synthesized in situ, that is, “peripheral” cholesterol 
does not reach the brain [56]. Therefore, drugs that lower blood cholesterol can become harmful by crossing 
the blood-brain barrier. Two of the most common cholesterol-lowering drugs, simvastatin and atorvastatin 
are able to cross the blood-brain barrier [57, 58]. Mechanisms have been proposed to explain the cognitive 
impairment induced by statins [59] or how alterations in cholesterol metabolism lead to an increased 
risk of AD [60]. Furthermore, temporary cognitive impairment due to statin treatment has been reported 
in 2 women [61].

Figure 2. Diagram showing the basis of the drug-focused neurodegeneration hypothesis. Events are useful for patients with 
high blood cholesterol and/or high blood pressure are in green. Events that may be harmful to patients’ CNS neurons are in 
red. Mechanisms associated with the initiation and progression of AD are in grey. Aβ: β-amyloid; ROS: reactive oxygen species; 
→: implication; ?: hypothesized implication

Figure 3. Mechanisms potentially involved in drug-related alteration of neuronal function in the central nervous system. 
Antihypertensives in combination with reduced glucose availability and antihypercholesterolemic drugs can compromise 
metabolism and key cellular functions, thereby compromising neuronal survival. →: implication; →: decrease

https://doi.org/10.37349/ent.2023.00035
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The 90+ Study led by Kawas and Corrada [62] is continuously providing relevant information on a variety 
of factors and molecules related to AD pathophysiology. One of the most recent reports consists of a case of 
cognitive resilience despite the detection of three dementia-related neuropathologies at autopsy [63, 64]. 
Regarding apolipoprotein E (ApoE), whose allele composition is a risk AD factor [65] and that is involved in 
lipoprotein transport and cholesterol homeostasis [66], one of the major conclusions of the 90+ Study is that 
“people aged 90 and older with an ApoE2 gene are less likely to have clinical Alzheimer’s dementia, but are 
much more likely to have Alzheimer’s neuropathology in their brains.” [62, 64]. This means that the finding of 
“AD neuropathology” does not necessarily imply AD-like dementia and that cholesterol in the brain is a factor 
that deserves close scrutiny to advance the fight against the disease.

Pills to reduce glycemia impact on neuronal survival
Plasma glucose-lowering pills lead to a shortage of glucose availability for neurons. Neurons depend to a large 
extent on glucose to survive and perform their function correctly. Unlike many other cells, neurons cannot 
use fatty acids for energy production. Diabetes can lead to serious, life-threatening conditions. Lowering 
blood glucose levels in diabetes is necessary, but without reducing glucose supply to the brain. Blood glucose 
levels must be higher in older populations and diabetes pills should not compromise the glucose supply to 
the brain. In this sense, the existence of medication that inhibits the synthesis of glucose from proteins, but 
that does not modify the entry of glucose into cells, is puzzling. Lowering plasma glucose is good, but only 
if glucose uptake is sufficient, especially for the most important cells (neurons, heart cells, etc.). In short, 
diabetes medication often leads to a shortage of fuel for cells, and the cells most affected are the ones most 
dependent on glucose: neurons.

The glucose used by the neurons is completely oxidized and this requires oxygen and the integrity of 
the so-called cellular respiration, which occurs in the mitochondria. If the reduced perfusion leads to a 
shortage in the oxygen supply to the brain, the mitochondria in neurons suffer. Sufficient evidence already 
exists in various neurodegenerative diseases pointing to alterations in mitochondrial function [67–74]. In 
short, would it make sense that a shortage of blood would affect the mitochondria and ultimately lead to 
neuronal death?

Is it good to have chronic low blood pressure?
The hydrodynamic pressure combined with the so-called gravity and the position of the head in the human 
body does not help cerebral perfusion. It is puzzling, then, why blood flow is reduced in hypertensive people. 
Actually, the result may be better understood if the decrease in blood flow to the brain result from the 
drug-induced reduction in blood pressure [75]. In fact, the experiments were conducted on people taking 
antihypertensive drugs [75]. According to Ockham’s razor rule, a plausible interpretation is that hypotension 
produced by antihypertensive medication is to blame (Figures 2 and 3) [76]. This rule, also known as the 
law of parsimony, is defined in Britannica Encyclopedia as “of two competing theories, the simpler explanation 
of an entity is to be preferred.” [77].

The control of blood pressure by the elderly is progressively lost and it is common to find a tendency to 
arterial hypertension. Blood pressure pills are essential because high blood pressure can lead to life-threatening 
conditions. However, clinicians need to understand that chronic hypotension is not good for older people. It 
also happens that hypertension can occur only during working hours and disappear on weekends. Then the 
dose and frequency of medication must be chosen very carefully. Antihypertensive medication may lead to 
hypotension, and if hypotension is sustained and/or leads to frequent and/or prolonged unconsciousness/
hypoxia, neurons suffer and have no choice but to adapt to the new condition by spending less glucose/
oxygen, something that should affect neuronal performance/resilience. Can antihypertensives lead to an 
“essential hypotension-like” state in some people? In 1925, an editorial in the Journal of the American Medical 
Association stated that essential hypotension “has heretofore received little consideration from writers on 
clinical medicine” [78]. In our opinion, the more or less prolonged periods of hypotension that can occur in 
some individuals taking antihypertensives have not attracted the attention they deserve.
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A non-negligible percentage of antihypertensive drugs have effects on CNS, these include hallucinations 
and depression [79–82], and those findings suggest that these types of drugs may have long-term effects on 
the CNS by mechanisms that have not yet been deciphered.

Unlike hypocholesterolemic drugs, which are basic inhibitors of the enzyme that catalyzes the rate-limiting 
step in cholesterol biosynthesis, there are different classes of drugs that can lower blood pressure and are 
approved for human use. Some classes of antihypertensives can enter the brain, likely affecting the regulation 
of neurotransmission in several ways. Candesartan is a prototype of the “sartans” type of hypotensive 
drug. They act by antagonizing the angiotensin II (AT1) receptor. It happens that this receptor, expressed in 
neurons, is a potential target of neurodegenerative diseases [83–92]. Animal models of neurodegenerative 
diseases have been instrumental in demonstrating that candesartan can cross the blood-brain barrier and act 
on receptors expressed in neural cells. As with cholesterol-lowering drugs, the possibility of hypotensive 
drugs entering the brain has not been considered in clinical practice. Unlike the likely undesirable effect of 
cholesterol-lowering drugs, there is evidence in both animal models of AD and in AD patients that candesartan 
provides pleiotropic benefits by acting in cells in the central nervous system [93–98]. In summary, the 
effect of antihypertensive medication on AD risk may be different depending on the drug’s ability to cross 
the blood-brain barrier and on the target of the drug. Longitudinal studies evaluating cognition and other 
neurological parameters depending on the type of drug used to lower blood pressure could be very informative.

Distribution of patients with AD in different populations
Experience shows that dogma has not been useful in helping AD patients. A new dogma in the field may 
come from a “systematic analysis” that estimates that 22.3% of dementias are attributable to these “modifiable” 
risk factors: “high body-mass index, high fasting plasma glucose, a diet high in sugar-sweetened beverages, 
and smoking” [1]. Our hypothesis is that risk factors are being misinterpreted, and if this is correct, this new 
dogma will be just as ineffective as the one that focused on the amyloid.

There is no doubt that age is the main risk factor for AD and that AD is prevalent in elderly populations 
who chronically take antidiabetic, antihypertensive and/or hypocholesterolemic drugs. Despite i) the 
impossibility of reliably comparing the parameters related to patients with AD in different populations 
and ii) the bias due to genetic factors, it is relevant to find that individuals separated from one society and 
located in another rapidly acquire the tendency to the disease of the new environment.

There is an isolated population among one of the greatest civilizations on Earth that live without access 
to modern technology and are very reluctant to take pills. Known as Amish, their lower incidence of AD may 
be due to genetic factors (they inbreed), reduced prevalence of some diseases and/or lack of medication. This 
idea was masterfully conveyed in 1997: “The lower level of cognitive impairment among the Amish could 
reflect a lack of inherited susceptibility to dementing diseases, or environmental factors characteristic of 
their traditional lifestyle.” [99]. A naive view of this data is that the decreased risk of AD is due to the reported 
low prevalence of diabetes, hypertension, and hypercholesterolemia in Amish communities [100]. However, a 
rigorous view would also consider that the risk factors for AD may not be the diseases, but the pills currently 
used to control diabetes, hypertension, and/or hypercholesterolemia. It is intriguing that Amish aware of 
having the disease (diabetes, hypertension, and/or hypercholesterolemia) are “less likely to report that they 
were currently taking medications to treat their disease compared with European Caucasian subsample 
of the 2013–2014 US National Health and Nutrition Examination Survey (NHANES) patients” [100]. Why 
would the Amish want to hide that they take medication? Is it because they actually take less medication than 
non-Amish communities?

Yet another different type of hint comes from a populated area of the planet, Asia, where pill-taking 
was not prevalent until recently. Despite the lack of definitive studies, the key is that alternative curative 
interventions are correlated with a lower incidence of AD. It could be hypothesized that the lack of pill-taking 
is, at least in part, the cause of the lower risk. For example, in the so-called traditional Chinese medicine, 
there are-pill independent approaches to hypertension, including acupuncture, moxibustion, Qigong, or 
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Tai Chi [101]. A cohort study showed a decreased risk of dementia in migraine patients using traditional 
Chinese medicine [102].

In addition, the traditional societies that have incorporated the so-called western lifestyle (which includes 
taking pills) are the ones that have increased the incidence of AD the fastest [103, 104].

Are some antihypertensive drugs protective by direct interaction with 
receptors in cells of the central nervous system?
In PD, some antihypertensive drugs capable of crossing the blood-brain barrier are protective [105] raising 
the suspicion that some drugs may be beneficial by entering the brain. They would regulate the neuronal 
activity, that is, they would not act by reducing blood pressure, but by favoring neuronal survival. In fact, 
among the approved antihypertensive drugs, some can enter the brain while others do not cross the 
blood-brain barrier.

Antihypertensives capable of penetrating the brain to regulate neurotransmission and neuronal plasticity 
may play a beneficial role in preventing and/or delaying the progression of AD. The suggestion that potential 
benefits are due to actions on the hydrostatic pressure of blood vessels in the brain makes little sense. The 
benefits, if any, probably come from the well-proven fact that there are receptors, e.g., angiotensin receptors, 
which are targeted by antihypertensives and regulate neural cell fate and higher functions in various areas of 
the brain [83, 84, 106–108].

Conclusions
So far much is known about the functioning of the brain, but it must be recognized that we are lost in the 
fight against alterations in brain function (not only Alzheimer’s, but others—“depression”, “autism”, etc.). 
Even without knowing all the clues, it is tempting to speculate that the brain would benefit from i) sufficient 
connections, the higher the better; ii) adequate blood perfusion; iii) adequate glucose supply; iv) good ability 
to synthesize cholesterol, a molecule that, in order to be used by neuronal cells, must be generated in the 
brain cells themselves. We believe it is convenient to design longitudinal studies (measurement of cerebral 
perfusion, glucose consumption, etc.) to:

(1) Correlate pill use and the worldwide regional incidence of AD in elderly populations (age-adjusted).
(2) Assess whether older individuals who take pills are at a higher risk of developing AD, taking into 

account both the target of the drug(s) and whether or not the medication crosses the blood-brain barrier. 
(3) Measure cerebral perfusion and glucose consumption both before and during the performance of 

intellectual tasks (ideally comparing data in young and old people).
(4) Measure cerebral perfusion and glucose consumption both before and during the performance of 

intellectual tasks (ideally comparing data in young and old people).
(5) Follow parameters over time, before and after taking any pill and before and after the appearance of 

the neurodegenerative condition.
Not all drugs are created equal. To control peripheral parameters, drugs must not reach the brain. 

However, drugs that reach the brain can be tested for their usefulness in preventing and ultimately fighting 
diseases that affect the brain.

At last, an important observation: the parameters and protocols to assess neuroprotection, are not yet 
available. It is urgent to discover neuroprotection biomarkers and/or protocols to detect neuroprotection 
in humans.

Abbreviations
AD: Alzheimer’s disease
APP: amyloid precursor protein

https://doi.org/10.37349/ent.2023.00035


Explor Neuroprot Ther. 2023;3:8–23 | https://doi.org/10.37349/ent.2023.00035 Page 18

CNS: central nervous system
PD: Parkinson’s disease

Declarations
Author contributions
RF, JSM: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Software, 
Supervision, Validation, Visualization, Writing—original draft, Writing—review & editing. RF: Project 
administration, Resources.

Conflicts of interest
The authors declare that they have no conflicts of interest.

Ethical approval
Not applicable.

Consent to participate
Not applicable.

Consent to publication
Not applicable.

Availability of data and materials
Not applicable.

Funding
Not applicable.

Copyright

© The Author(s) 2023.

References
1. GBD 2016 Dementia Collaborators. Global, regional, and national burden of Alzheimer’s disease and 

other dementias, 1990–2016: a systematic analysis for the global burden of disease study 2016. Lancet 
Neurol. 2019;18:88–106.

2. Li X, Feng X, Sun X, Hou N, Han F, Liu Y. Global, regional, and national burden of Alzheimer’s disease and 
other dementias, 1990–2019. Front Aging Neurosci. 2022;14:937486.

3. Cummings J, Reiber C, Kumar P. The price of progress: funding and financing Alzheimer’s disease drug 
development. Alzheimer’s Dement Transl Res Clin Interv. 2018;4:330–43.

4. Hampel H, Hardy J, Blennow K, Chen C, Perry G, Kim SH, et al. The amyloid-β pathway in Alzheimer’s 
disease. Mol Psychiatry. 2021;26:5481–503.

5. Haass C, Selkoe D. If amyloid drives Alzheimer disease, why have anti-amyloid therapies not yet slowed 
cognitive decline? PLOS Biol. 2022;20:e3001694.

6. Zhou ZD, Chan CHS, Ma QH, Xu XH, Xiao ZC, Tan EK. The roles of amyloid precursor protein (APP) in 
neurogenesis. Cell Adh Migr. 2011;5:280–92.

7. Drachman DA. Plaques and tangles in Alzheimer’s disease: cause, consequence or epiphenomenon? 
Neurobiol Aging. 1986;7:450–1.

8. Castello MA, Soriano S. On the origin of Alzheimer’s disease. Trials and tribulations of the amyloid 
hypothesis. Ageing Res Rev. 2014;13:10–2.

https://doi.org/10.37349/ent.2023.00035


Explor Neuroprot Ther. 2023;3:8–23 | https://doi.org/10.37349/ent.2023.00035 Page 19

9. Cacabelos R, Carrera I, Martí�nez-Iglesias O, Cacabelos N, Naidoo V. What is the gold standard model for 
Alzheimer’s disease drug discovery and development? Expert Opin Drug Discov. 2021;16:1415–40.

10. Westphal M. Science and fiction in critical care: established concepts with or without evidence? Crit 
Care. 2019;23:125.

11. Outeiro TF, Harvey K, Dominguez-Meijide A, Gerhardt E. LRRK2, alpha-synuclein, and tau: partners in 
crime or unfortunate bystanders? Biochem Soc Trans. 2019;47:827–38.

12. Cuadrado-Tejedor M, Hervias I, Ricobaraza A, Puerta E, Pérez-Roldán JMM, Garcí�a-Barroso C, et al. 
Sildenafil restores cognitive function without affecting β-amyloid burden in a mouse model of Alzheimer’s 
disease. Br J Pharmacol. 2011;164:2029–41.

13. Cuadrado-Tejedor M, Garcia-Barroso C, Sánchez-Arias JA, Rabal O, Pérez-González M, Mederos S, et al. 
A first-in-class small-molecule that acts as a dual inhibitor of HDAC and PDE5 and that rescues hippocampal 
synaptic impairment in Alzheimer’s disease mice. Neuropsychopharmacol. 2017;42:524–39.

14. Ugarte A, Gil-Bea F, Garcí�a-Barroso C, Cedazo-Minguez A� , Ramí�rez MJ, Franco R, et al. Decreased levels 
of guanosine 3’, 5’-monophosphate (cGMP) in cerebrospinal fluid (CSF) are associated with cognitive 
decline and amyloid pathology in Alzheimer’s disease. Neuropathol Appl Neurobiol. 2015;41:471–82.

15. Schwam E, Nicholas T, Chew R, Billing C, Davidson W, Ambrose D, et al. A multicenter, double-blind, 
placebo-controlled trial of the PDE9A inhibitor, PF-04447943, in Alzheimer’s disease. Curr Alzheimer 
Res. 2014;11:413–21.

16. Trabucchi M, Cerri C, Spano PF, Kumakura K. Guanosine 3’-5’-monophosphate in the CSF of neurological 
patients. Arch Neurol. 1977;34:12–3.

17. Martí�nez M, Fernández E, Frank A, Guaza C, De La Fuente M, Hernanz A. Increased cerebrospinal fluid 
cAMP levels in Alzheimer’s disease. Brain Res. 1999;846:265–7.

18. Franco R, Cedazo-Minguez A. Successful therapies for Alzheimer’s disease: why so many in animal 
models and none in humans? Front Pharmacol. 2014;5:146.

19. Zagórska A, Jaromin A. Perspectives for new and more efficient multifunctional ligands for Alzheimer’s 
disease therapy. Molecules. 2020;25:3337.

20. Garcí�a-Osta A, Cuadrado-Tejedor M, Garcí�a-Barroso C, Oyarzábal J, Franco R. Phosphodiesterases as 
therapeutic targets for Alzheimer’s disease. ACS Chem Neurosci. 2012;3:832–44.

21. Gõmez-Vallejo V, Ugarte A, Garcí�a-Barroso C, Cuadrado-Tejedor M, Szczupak B, Dopeso-Reyes IG, et al. 
Pharmacokinetic investigation of sildenafil using positron emission tomography and determination of 
its effect on cerebrospinal fluid cGMP levels. J Neurochem. 2016;136:403–15.

22. Scullion GA, Kendall DA, Marsden CA, Sunter D, Pardon MC. Chronic treatment with the α2-adrenoceptor 
antagonist fluparoxan prevents age-related deficits in spatial working memory in APP × PS1 transgenic 
mice without altering β-amyloid plaque load or astrocytosis. Neuropharm. 2011;60:223–34.

23. Wang J, Ho L, Zhao Z, Seror I, Humala N, Dickstein DL, et al. Moderate consumption of Cabernet Sauvignon 
attenuates Aβ neuropathology in a mouse model of Alzheimer’s disease. FASEB J. 2006;20:2313–20.

24. Devanand DP, Andrews H, Kreisl WC, Razlighi Q, Gershon A, Stern Y, et al. Antiviral therapy: 
valacyclovir treatment of Alzheimer’s disease (VALAD) trial: protocol for a randomised, double-
blind,placebo-controlled, treatment trial. BMJ Open. 2020;10:e032112.

25. Barnes DE, Yaffe K. The projected effect of risk factor reduction on Alzheimer’s disease prevalence. 
Lancet Neurol. 2011;10:819–28.

26. Butler SM, Ashford JW, Snowdon DA. Age, education, and changes in the mini-mental state exam scores 
of older women: findings from the Nun Study. J Am Geriatr Soc. 1996;44:675–81.

27. Snowdon D. Aging with grace: the Nun Study and the science of old age, how we can all live longer, 
healthier and more vital lives. Fourth Estate; 2002. 

28. Koch C. Does brain size matter? Sci Am Mind. 2016;27:22–5.

https://doi.org/10.37349/ent.2023.00035


Explor Neuroprot Ther. 2023;3:8–23 | https://doi.org/10.37349/ent.2023.00035 Page 20

29. Kandel J, Pokharel D. Mean brain weight among autopsy cases at the Department of Forensic Medicine 
of a Tertiary Care Centre: a descriptive cross-sectional study. JNMA J Nepal Med Assoc. 2022;60:274–77.

30. Tyagi MS, Technician J. Weights of human organs at autopsy in chandigarh zone of north-west India. 
JIAFM. 2004;26:97–9.

31. Hobeika L, Ghilain M, Schiaratura L, Lesaffre M, Huvent-Grelle D, Puisieux F, et al. Socio-emotional and 
motor engagement during musical activities in older adults with major neurocognitive impairment. Sci 
Reports. 2021;11:15291.

32. Balbag MA, Pedersen NL, Gatz M. Playing a musical instrument as a protective factor against dementia 
and cognitive impairment: a population-based twin study. Int J Alzheimers Dis. 2014;2014:836748.

33. Garrett MD. A new public health paradigm for Alzheimer’s disease research. SOJ Neurol. 2015;2:1–9.
34. Vaquero L, Hartmann K, Ripollés P, Rojo N, Sierpowska J, François C, et al. Structural neuroplasticity in 

expert pianists depends on the age of musical training onset. Neuroimage. 2016;126:106–19.
35. Walsh S, Causer R, Brayne C. Does playing a musical instrument reduce the incidence of cognitive 

impairment and dementia? A systematic review and meta-analysis. Aging Ment Health. 2019;25:593–601.
36. Eskelinen MH, Kivipelto M. Caffeine as a protective factor in dementia and Alzheimer’s disease. J 

Alzheimers Dis. 2010;20:S167–74.
37. Eskelinen MH, Ngandu T, Tuomilehto J, Soininen H, Kivipelto M. Midlife coffee and tea drinking and 

the risk of late-life dementia: a population-based CAIDE study. J Alzheimers Dis. 2009;16:85–91.
38. Nobre HV Jr, Cunha GM, de Vasconcelos LM, Magalhães HI, Oliveira Neto RN, Maia FD, et al. Caffeine 

and CSC, adenosine A2A antagonists, offer neuroprotection against 6-OHDA-induced neurotoxicity in rat 
mesencephalic cells. Neurochem Int. 2010;56:51–8.

39. Ascherio A, Schwarzschild MA. The epidemiology of Parkinson’s disease: risk factors and prevention. 
Lancet Neurol. 2016;15:1257–72.

40. Oñatibia-Astibia A, Franco R, Martí�nez-Pinilla E. Health benefits of methylxanthines in neurodegenerative 
diseases. Mol Nutr Food Res. 2017;61:1600670.

41. Franco R. Coffee and mental health. Aten Primaria. 2009;41:578–81.
42. Liu R, Guo X, Park Y, Huang X, Sinha R, Freedman ND, et al. Caffeine intake, smoking, and risk of parkinson 

disease in men and women. Am J Epidemiol. 2012;175:1200–7.
43. Morano A, Jiménez-Jiménez FJ, Molina JA, Antolí�n MA. Risk-factors for Parkinson’s disease: case-control 

study in the province of Cáceres. Spain Acta Neurol Scand. 1994;89:164–70.
44. Sipetic SB, Vlajinac HD, Maksimovic JM, Marinkovic JM, Dzoljic ED, Ratkov IS, et al. Cigarette smoking, 

coffee intake and alcohol consumption preceding Parkinson’s disease: a case-control study. Acta 
Neuropsychiatr. 2012;24:109–14.

45. Ragonese P, Salemi G, Morgante L, Aridon P, Epifanio A, Buffa D, et al. A case-control study on cigarette, 
alcohol, and coffee consumption preceding Parkinson’s disease. Neuroepidemiology. 2003;22:297–304.

46. Espinosa J, Rocha A, Nunes F, Costa MS, Schein V, Kazlauckas V, et al. Caffeine consumption prevents 
memory impairment, neuronal damage, and adenosine A2A receptors upregulation in the hippocampus 
of a rat model of sporadic dementia. J Alzheimers Dis. 2013;34:509–18.

47. Maia L, De Mendonça A. Does caffeine intake protect from Alzheimer’s disease? Eur J Neurol. 
2002;9:377–82.

48. Nehlig A. Effects of coffee/caffeine on brain health and disease: what should I tell my patients? Pract 
Neurol. 2016;16:89–95.

49. Franco R, Navarro G, Martí�nez-Pinilla E. Hormetic and mitochondria-related mechanisms of antioxidant 
action of phytochemicals. Antioxidants (Basel). 2019;8:373.

50. Mattson MP. Hormesis defined. Ageing Res Rev. 2008;7:1–7.

https://doi.org/10.37349/ent.2023.00035


Explor Neuroprot Ther. 2023;3:8–23 | https://doi.org/10.37349/ent.2023.00035 Page 21

51. Stranahan AM, Mattson MP. Recruiting adaptive cellular stress responses for successful brain ageing. 
Nat Rev Neurosci. 2012;13:209–16.

52. Brown DG, Wobst HJ, Kapoor A, Kenna LA, Southall N. Clinical development times for innovative drugs. 
Nat Rev Drug Discov. 2022;21:793–4.

53. Charlesworth CJ, Smit E, Lee DS, Alramadhan F, Odden MC. Polypharmacy among adults aged 65 years 
and older in the United States: 1988–2010. J Gerontol A Biol Sci Med Sci. 2015;70:989–95.

54. Pluvinage JV, Wyss-Coray T. Systemic factors as mediators of brain homeostasis, ageing and 
neurodegeneration. Nat Rev Neurosci. 2020;21:93–102. Erratum in: Nat Rev Neurosci. 2020;21:298.

55. McPherson RA, Pincus MR. Henry’s clinical diagnosis and management by laboratory methods. 22nd ed. 
Philadelphia: Saunders; 2011.

56. Pfrieger FW, Ungerer N. Cholesterol metabolism in neurons and astrocytes. Prog Lipid Res. 
2011;50:357–71.

57. Fong CW. Statins in therapy: understanding their hydrophilicity, lipophilicity, binding to 3-hydroxy-3-
methylglutaryl-CoA reductase, ability to cross the blood brain barrier and metabolic stability based on 
electrostatic molecular orbital studies. Eur J Med Chem. 2014;85:661–74.

58. Schilling JM, Cui W, Godoy JC, Risbrough VB, Niesman IR, Roth DM, et al. Long-term atorvastatin 
treatment leads to alterations in behavior, cognition, and hippocampal biochemistry. Behav Brain Res. 
2014;267:6–11.

59. Tan B, Rosenfeldt F, Ou R, Stough C. Evidence and mechanisms for statin-induced cognitive decline.  
Expert Rev Clin Pharmacol. 2019;12:397–406.

60. Loera-Valencia R, Goikolea J, Parrado-Fernandez C, Merino-Serrais P, Maioli S. Alterations in cholesterol 
metabolism as a risk factor for developing Alzheimer’s disease: potential novel targets for treatment. 
J Steroid Biochem Mol Biol. 2019;190:104–14.

61. King DS, Wilburn AJ, Wofford MR, Harrell TK, Lindley BJ, Jones DW. Cognitive impairment associated 
with atorvastatin and simvastatin. Pharmacotherapy. 2003;23:1663–7.

62. Kawas C, Corrada M, Paganini-Hill A, Greenia D. The 90+ Study [Internet]. Orange: UC Irvine Institute for 
Memory Impairments and Neurological Disorders; [cited 2023 Feb 14]. Available from: https://mind.
uci.edu/research-studies/90plus-study/

63. Melikyan ZA, Corrada MM, Leiby AM, Sajjadi SA, Bukhari S, Montine TJ, et al. Cognitive resilience to three 
dementia-related neuropathologies in an oldest-old man: a case report from the 90+ Study. Neurobiol 
Aging. 2022;116:12–5.

64. Nelson PT, Brayne C, Flanagan ME, Abner EL, Agrawal S, Attems J, et al. Frequency of LATE 
neuropathologic change across the spectrum of Alzheimer’s disease neuropathology: combined data 
from 13 community-based or population-based autopsy cohorts. Acta Neuropathol. 2022;144:27–44.

65. Poirier J, Minnich A, Davignon J. Apolipoprotein E, synaptic plasticity and Alzheimer’s disease. Ann Med. 
1995;27:663–70.

66. Utermann G. The apo E-system: genetic control of plasma lipoprotein concentration. Adv Exp Med Biol. 
1986;201:261–72.

67. Schipper HM, Song W, Tavitian A, Cressatti M. The sinister face of heme oxygenase-1 in brain aging and 
disease. Prog Neurobiol. 2019;172:40–70.

68. Ghavami S, Shojaei S, Yeganeh B, Ande SR, Jangamreddy JR, Mehrpour M, et al. Autophagy and apoptosis 
dysfunction in neurodegenerative disorders. Prog Neurobiol. 2014;112:24–49.

69. Barcelos IP, Troxell RM, Graves JS. Mitochondrial dysfunction and multiple sclerosis. Biology (Basel). 
2019;8:37.

https://doi.org/10.37349/ent.2023.00035
https://mind.uci.edu/research-studies/90plus-study/
https://mind.uci.edu/research-studies/90plus-study/


Explor Neuroprot Ther. 2023;3:8–23 | https://doi.org/10.37349/ent.2023.00035 Page 22

70. Hubens WHG, Vallbona-Garcia A, de Coo IFM, van Tienen FHJ, Webers CAB, Smeets HJM, et al. 
Blood biomarkers for assessment of mitochondrial dysfunction: an expert review. Mitochondrion. 
2022;62:187–204.

71. Wang W, Zhao F, Ma X, Perry G, Zhu X. Mitochondria dysfunction in the pathogenesis of Alzheimer’s 
disease: recent advances. Mol Neurodegener. 2020;15:30.

72. Franco R, Navarro G, Martí�nez-Pinilla E. Lessons on differential neuronal-death-vulnerability from 
familial cases of Parkinson’s and Alzheimer’s diseases. Int J Mol Sci. 2019;20:3927.

73. Cuadrado-Tejedor M, Cabodevilla JF, Zamarbide M, Gómez-Isla T, Franco R, Pérez-Mediavilla A. 
Age-related mitochondrial alterations without neuronal loss in the hippocampus of a transgenic model 
of Alzheimer’s disease. Curr Alzheimer Res. 2013;10:390–405.

74. Zamarbide M, Gil-Bea FJ, Bannenberg P, Martí�nez-Pinilla E, Sandoval J, Franco R, et al. Maternal imprinting 
on cognition markers of wild type and transgenic Alzheimer’s disease model mice. Sci Rep. 2018;8:6434.

75. Alosco ML, Gunstad J, Xu X, Clark US, Labbe DR, Riskin-Jones HH, et al. The impact of hypertension on 
cerebral perfusion and cortical thickness in older adults. J Am Soc Hypertens. 2014;8:561–70.

76. Rodrí�guez-Fernández JL. Ockham’s razor. Endeavour. 1999;23:121–5.
77. Brian D. Occam’s razor [Internet]. Encyclopedia Britannica; [cited 2023 Jan 24]. Available from: https://

www.britannica.com/topic/Occams-razor
78. Essential hypotension. JAMA. 1925;84:896–7. 
79. Doane J, Stults B. Visual hallucinations related to angiotensin-converting enzyme inhibitor use: case 

reports and review. J Clin Hypertens (Greenwich). 2013;15:230–3.
80. Goldner JA. Metoprolol-induced visual hallucinations: a case series. J Med Case Rep. 2012;6:65.
81. Kessing LV, Rytgaard HC, Ekstrøm CT, Torp-Pedersen C, Berk M, Gerds TA. Antihypertensive drugs and 

risk of depression: a nationwide population-based study. Hypertension. 2020;76:1263–79.
82. Boal AH, Smith DJ, McCallum L, Muir S, Touyz RM, Dominiczak AF, et al. Monotherapy with major 

antihypertensive drug classes and risk of hospital admissions for mood disorders. Hypertension. 
2016;68:1132–8.

83. Garrido-Gil P, Valenzuela R, Villar-Cheda B, Lanciego JL, Labandeira-Garcia JL. Expression of 
angiotensinogen and receptors for angiotensin and prorenin in the monkey and human substantia 
nigraan: intracellular renin—angiotensin system in the nigra. Brain Struct Funct. 2013;218:373–88.

84. Garrido-Gil P, Rodriguez-Perez AI, Fernandez-Rodriguez P, Lanciego JL, Labandeira-Garcia JL. Expression 
of angiotensinogen and receptors for angiotensin and prorenin in the rat and monkey striatal neurons 
and glial cells. Brain Struct Funct. 2017;222:2559–71.

85. Kamath T, Abdulraouf A, Burris SJ, Langlieb J, Gazestani V, Nadaf NM, et al. Single-cell genomic profiling 
of human dopamine neurons identifies a population that selectively degenerates in Parkinson’s disease. 
Nat Neurosci. 2022;25:588–95.

86. Labandeira-Garcia JL, Parga JA. Nigral neurons degenerating in Parkinson’s disease express the 
angiotensin receptor type 1 gene. Mov Disord. 2022;37:1610–1.

87. Singh MR, Vigh J, Amberg GC. Angiotensin-II modulates GABAergic neurotransmission in the mouse 
Substantia Nigra. eNeuro. 2021;8:ENEURO.0090–21. 

88. Labandeira-Garcia JL, Rodriguez-Pallares J, Dominguez-Meijide A, Valenzuela R, Villar-Cheda B, 
Rodrí�guez-Perez AI. Dopamine-angiotensin interactions in the basal ganglia and their relevance for 
Parkinson’s disease. Mov Disord. 2013;28:1337–42.

89. Perez-Lloret S, Otero-Losada M, Toblli JE, Capani F. Renin-angiotensin system as a potential target for 
new therapeutic approaches in Parkinson’s disease. Expert Opin Investig Drug. 2017;26:1163–73.

https://doi.org/10.37349/ent.2023.00035
https://www.britannica.com/topic/Occams-razor
https://www.britannica.com/topic/Occams-razor


Explor Neuroprot Ther. 2023;3:8–23 | https://doi.org/10.37349/ent.2023.00035 Page 23

90. Rodriguez-Perez AI, Sucunza D, Pedrosa MA, Garrido-Gil P, Kulisevsky J, Lanciego JL, et al. Angiotensin type 
1 receptor antagonists protect against alpha-synuclein-induced neuroinflammation and dopaminergic 
neuron death. Neurotherapeutics. 2018;15:1063–81.

91. Quijano A, Diaz-Ruiz C, Lopez-Lopez A, Villar-Cheda B, Muñoz A, Rodriguez-Perez AI, et al. Angiotensin 
type-1 receptor inhibition reduces NLRP3 inflammasome upregulation induced by aging and 
neurodegeneration in the Substantia Nigra of male rodents and primary mesencephalic cultures. 
Antioxidants (Basel). 2022;11:329.

92. Labandeira-Garcia JL, Valenzuela R, Costa-Besada MA, Villar-Cheda B, Rodriguez-Perez AI. The 
intracellular renin-angiotensin system: friend or foe. Some light from the dopaminergic neurons. Prog 
Neurobiol. 2021;199:101919.

93. Ihara M, Saito S, Friedland R. Drug repositioning for Alzheimer’s disease: finding hidden clues in old 
drugs. J Alzheimers Dis. 2020;74:1013–28.

94. Bhat SA, Goel R, Shukla S, Shukla R, Hanif K. Angiotensin receptor blockade by inhibiting glial activation 
promotes hippocampal neurogenesis via activation of Wnt/β-catenin signaling in hypertension. Mol 
Neurobiol. 2018;55:5282–98.

95. Trenkwalder P. Potential for antihypertensive treatment with an AT1-receptor blocker to reduce 
dementia in the elderly. J Hum Hypertens. 2002;16:S71–5.

96. Hajjar I, Okafor M, Wan L, Yang Z, Nye JA, Bohsali A, et al. Safety and biomarker effects of candesartan 
in non-hypertensive adults with prodromal Alzheimer’s disease. Brain Commun. 2022;4:fcac270.

97. Ahmed HA, Ishrat T. Candesartan effectively preserves cognition in senescence accelerated mouse 
prone 8 (SAMP8) mice. J Alzheimers Dis Rep. 2022;6:257–69.

98. Trigiani LJ, Royea J, Lacalle-Aurioles M, Tong XK, Hamel E. Pleiotropic benefits of the angiotensin 
receptor blocker candesartan in a mouse model of Alzheimer disease. Hypertens. 2018;72:1217–26.

99. Johnson CC, Rybicki BA, Brown G, D’Hondt E, Herpolsheimer B, Roth D, et al. Cognitive impairment in the 
Amish: a four county survey. Int J Epidemiol. 1997;26:387–94.

100. He S, Ryan KA, Streeten EA, McArdle PF, Daue M, Trubiano D, et al. Prevalence, control, and treatment of 
diabetes, hypertension, and high cholesterol in the Amish. BMJ Open Diabetes Res Care. 2020;8:e000912.

101. Wang J, Xiong X. Evidence-based Chinese medicine for hypertension. Evid Based Complement Altern 
Med. 2013;2013:978398.

102. Liu CT, Wu BY, Hung YC, Wang LY, Lee YY, Lin TK, et al. Decreased risk of dementia in migraine patients 
with traditional Chinese medicine use: a population-based cohort study. Oncotarget. 2017;8:79680–92.

103. Guo X, He H, Qu Y, Liu J, Qu Q, Lyu J. Incidence of Alzheimer’s disease and other dementias: results from 
the 2017 Global Burden of Disease study. ResSq43686 [Preprint]. 2020 [cited 2020 Nov 21]. Available 
from: https://doi.org/10.21203/rs.3.rs-43686/v1

104. Feiya T. The medical missionary’s changing conceptions of traditional Chinese medicine1. Soc Sci 
Mission. 2012;25:76–101.

105. Lee YC, Lin CH, Wu RM, Lin JW, Chang CH, Lai MS. Antihypertensive agents and risk of Parkinson’s 
disease: a nationwide cohort study. PLoS One. 2014;9:e98961.

106. Labandeira-Garcia J, Rodrí�guez-Perez A, Garrido-Gil P, Rodriguez-Pallares J, Lanciego J, Guerra M. Brain 
renin-angiotensin system and microglial polarization: implications for aging and neurodegeneration. 
Front Aging Neurosci. 2017;9:129.

107. Dominguez-Meijide A, Rodriguez-Perez AI, Diaz-Ruiz C, Guerra MJ, Labandeira-Garcia JL. Dopamine 
modulates astroglial and microglial activity via glial renin-angiotensin system in cultures. Brain Behav 
Immun. 2017;62:277–90.

108. Valenzuela R, Costa-Besada MA, Iglesias-Gonzalez J, Perez-Costas E, Villar-Cheda B, Garrido-Gil P, et al. 
Mitochondrial angiotensin receptors in dopaminergic neurons. Role in cell protection and aging-related 
vulnerability to neurodegeneration. Cell Death Dis. 2016;7:e2427.

https://doi.org/10.37349/ent.2023.00035
https://doi.org/10.21203/rs.3.rs-43686/v1

	Abstract 
	Keywords 
	Introduction 
	Prevalent but unsuccessful hypothesis about why a given individual develops AD 
	Scientific dogma may prevent finding solutions for combating AD 
	Lack of biomarkers for diagnosing and assessment of neurological disease and disease progression 
	Limited utility of animal models of AD 
	Why do neurons die? 
	Limited impact of viral infections 
	Revisiting risk factors 
	Data used to build up novel hypotheses 
	Known factors affecting neuronal activity 
	Lack of knowledge about side/long-term effects of widely used drugs 
	Survival of aged neurons requires activity and energy from glucose oxidation 
	Pills to reduce cholesterol impact on neuronal survival 
	Pills to reduce glycemia impact on neuronal survival 
	Is it good to have chronic low blood pressure? 
	Distribution of patients with AD in different populations 
	Are some antihypertensive drugs protective by direct interaction with receptors in cells of the central nervous system?
	Conclusions 
	Abbreviations 
	Declarations 
	Author contributions 
	Conflicts of interest 
	Ethical approval 
	Consent to participate 
	Consent to publication 
	Availability of data and materials 
	Funding 
	Copyright 

	References 

