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Abstract

Alzheimer’s disease (AD), Lewy Body Dementia (LBD), and Parkinson’s disease (PD) form a 

continuum that may explain multiple aspects of age-related neurodegeneration. Inflammaging, the 

long-term result of the chronic physiological stimulation of the innate immune system, is integral 

to this process. The gut microbiome plays an important role in inflammaging, as it can release 

inflammatory products and communicate with other organs and systems. Although AD and PD 

are molecularly and clinically distinct disorders, their causes appear to underlie LBD. All three 

conditions lie on a continuum related to AD, PD, or LBD in vulnerable persons. Inflammation in 

AD is linked to cytokines and growth factors. Moreover, cytokines and neurotrophins profoundly 

affect PD and LBD. Growth factors, neurotrophins and cytokines are also involved in embryo 

neural development. Cytokines influence gene expression, metabolism, cell stress, and apoptosis 

in the preimplantation embryo. The responsible genes are silenced around birth. But if activated 

by inflammaging and viruses in the brain decades later, they could destroy the same neural 

structures they created in utero. For this reason, the pathology and progression of AD, LBD, and 

PD would be unique. Embryonic reactivation could explain two well documented features of AD. 

1) NSAIDs reduce AD risk but fail as a treatment. NSAIDs reduce AD risk because they suppress 

inflammaging. But they are not a treatment because they cannot silence the embryonic genes that 

have become active and damage the brain.

Alzheimer’s disease (AD), Lewy Body Dementia (LBD), and Parkinson’s disease (PD) 

form a continuum that may explain multiple aspects of age-related neurodegeneration. 

Inflammaging, the long- term result of the chronic physiological stimulation of the innate 

immune system, is integral to this process.
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AD is a degenerative brain disease and the most common form of dementia, an irreversible, 

progressive disorder that slowly destroys memory and thinking skills, and, eventually, the 

ability to carry out the simplest tasks.

PD is a brain disorder that leads to shaking, stiffness, and difficulty with walking, balance, 

and coordination. Parkinson’s symptoms usually begin gradually and get worse over time.

LBD is related to PD and may share a similar genetic profile to AD. LBD usually affects 

people over 65 years old. Early signs of the disease include hallucinations, mood swings, 

and problems with thinking, movements, and sleep. Patients who initially have cognitive and 

behavioral problems are usually diagnosed as having dementia with Lewy bodies, but are 

sometimes mistakenly diagnosed with AD. Alternatively, many patients initially diagnosed 

with PD may eventually have difficulties with thinking and mood caused by Lewy body 

dementia. In both cases, as the disease worsens, patients become severely disabled and may 

die within eight years of diagnosis.

Inflammaging

Aging and many age-related diseases are closely related to inflammation. During aging, 

chronic, sterile, low-grade inflammation, called inflammaging, occurs, and is part of the 

pathogenesis of age-related diseases (Franceschi et al., 2018), age-related cerebral small 

vessel disease (Li et al., 2020), and waning adaptive immunity (Kasler and Verdin, 2021). 

Aging leads to a decline in adaptive immune responses with thymic atrophy, a reduction in 

the number of peripheral blood naïve T cells, and a relative increase in the frequency of 

memory T cells. These alterations lead to increased vulnerability to infectious diseases and 

reactivation of latent viral infections such as the herpesvirus varicella-zoster virus (VZV) 

and herpes simplex type I (HSV-1) (Kasler and Verdin, 2021).

In the brain, HSV-1 is of particular interest (Itzhaki et al., 2016). HSV-1 infection of neurons 

activates neurotoxic pathways typical of AD, and repeated HSV-1 reactivations in the brain 

of infected mice produce an AD-like phenotype (Lehrer and Rheinstein, 2020; Marcocci et 
al., 2020). Other viruses, too, such as VZV or cytomegalovirus, may lie dormant in the brain 

over many decades until reactivated by inflammaging or other stimulus. At this point, the 

AD/LBD/PD continuum comes into play.

The gut microbiome plays an important role in inflammaging, as it can release inflammatory 

products and communicate with other organs and systems.

Neurodegeneration and the Gut Microbiome

The gut microbiome has been implicated in PD (Fitzgerald et al., 2019; Willyard, 2021). In 

one report, mice without gut bacteria were less anxious than their healthy equivalents. When 

placed in a maze with open paths and walled-in paths, the mice preferred the exposed paths. 

Bacteria in the gut seemed to be influencing the animals’ brain and behavior (Neufeld et al., 
2011).
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In 1817, the English surgeon James Parkinson described some of the first cases of what 

would come to be known as Parkinson’s disease. One patient had numbness and prickling 

sensations in both arms. Parkinson noticed that the man’s abdomen seemed to contain 

“considerable accumulation.” Parkinson gave him a laxative. Ten days later the patient’s 

bowels were empty and his symptoms were gone (Willyard, 2021). In 2017, a systematic 

review and meta-analysis demonstrated that people with constipation are at a higher risk of 

developing PD compared with those without, and that constipation can predate PD diagnosis 

by over a decade (Adams-Carr et al., 2016).

In PD, the protein α-synuclein misfolds. The misfolded protein causes more misfolds, until 

harmful clumps of Lewy bodies form in the brain. Gut bacteria can produce proteins that 

have a similar structure to α-synuclein, so bacterial proteins might be providing a template 

for misfolding (Friedland, 2015). A strain of E. coli in the gut makes a protein, curli, which 

can stimulate other proteins, including α-synuclein, to misfold. The misfolded proteins 

might transmit the aberration up the vagus nerve to the brain, where misfolded α-synuclein 

is linked to PD symptoms (Sampson et al., 2020).

Stomach ulcers were once treated by removing all or part of the vagus nerve to reduce acid 

production in the stomach. Interestingly, people who had undergone this procedure had less 

risk of Parkinson’s disease (Svensson et al., 2015).

Genetics of Age-related Neurodegeneration

Five genes - GBA, BIN1, APOE, SNCA, and TMEM175 — in part define whether a person 

will have LBD, and some of these genes are involved in AD and PD (Chia et al., 2021). 

APOE and BIN1 are the two leading AD genes. At least 30 mutations in SNCA (the alpha 

synuclein gene) can cause PD. The TMEM175 p. M393T variant is responsible for the main 

signal in the chromosome 4p16.3 locus, conferring risk for PD by phosphorylation of alpha-

synuclein. GBA encodes a lysosomal membrane protein that cleaves the beta-glucosidic 

linkage of glycosylceramide, an intermediate in glycolipid metabolism. Mutations in this 

gene cause Gaucher disease, a lysosomal storage disease characterized by an accumulation 

of glucocerebrosides, in addition to LBD.

Although AD and PD are molecularly and clinically distinct disorders, their causes appear 

to underlie LBD (Chia et al., 2021). All three conditions lie on a continuum linked to 

AD, PD, or LBD in vulnerable persons. The continuum would explain why in advanced 

disease all three conditions look similar. For example, hallucinations, while a hallmark 

of LBD, are seen in PD. A new drug, Nuplazid (pimavaserin), was FDA-approved for 

hallucinations and delusions in PD patients. The effect of pimavanserin could be mediated 

through a combination of inverse agonist and antagonist activity at serotonin 5-HT2A 

receptors and to a lesser extent at serotonin 5-HT2C receptors (Cusick and Gupta, 2020). 

During embryogenesis, these receptors are active in neuroepithelia of mouse brain and spinal 

cord, notochord, somites, cranial neural crest, and craniofacial mesenchyme (Lauder et al., 
2000).
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If the gut microbiome is not involved, and the genetics is conducive, the person will develop 

AD, the leftmost disease on the continuum. If the gut microbiome is involved, especially 

with preceding constipation, PD, the rightmost disease on the continuum will occur. But if 

the genetics includes the five genes above, LBD would be the likely outcome (Figure 1).

Cytokines, Neurotrophins and Growth Factors in Embryo 

Neurodevelopment and Old Age

Inflammation in AD is related to cytokines and growth factors (Ge and Lahiri, 2002). 

Moreover, cytokines and neurotrophins profoundly affect PD and LBD (Imamura et al., 
2005; Nagatsu et al., 2000).

Growth factors, neurotrophins and cytokines are also involved in embryo neural 

development. Cytokines influence gene expression, metabolism, cell stress, and apoptosis 

in the preimplantation embryo. These substances initiate downstream events affecting 

implantation, placental development, fetal growth, and healthy pregnancy outcome 

(Robertson and Thompson, 2014). The genes responsible are silenced around birth. But 

if activated by inflammaging and viruses in the brain decades later, they could destroy the 

same neural structures they created in utero. For this reason, the pathology and progression 

of AD, LBD, and PD would be unique.

In the Braak staging of AD, initial changes are seen in the transentorhinal region of the 

temporal lobe. Then the destructive process reaches the entorhinal region, Ammon’s horn, 

and neocortex. Six stages of disease progression can be distinguished with respect to the 

location of the tangle-bearing neurons and the severity of changes: transentorhinal stages 

I-II: clinically silent cases; limbic stages III-IV: incipient Alzheimer’s disease; neocortical 

stages V-VI: fully developed Alzheimer’s disease (Braak and Braak, 1995). The advance 

from stages I-IV reflects the embryology of the rhinencephalon (Kier et al., 1997).

In the Braak staging of PD, involvement of the anterior olfactory nucleus, medulla, and 

pontine tegmentum occurs first; substantia nigra pathology occurs at mid-stage disease, 

similar to the embryology (Arts et al., 1996; Kuipers et al., 2006). In the last stages, Lewy 

bodies involve cortical areas (Dickson et al., 2010).

Embryonic reactivation could explain three features of AD.

1. NSAIDs reduce AD risk but fail as a treatment (Imbimbo et al., 2010). NSAIDs 

reduce AD risk because they suppress inflammaging (Ferrucci and Fabbri, 2018). 

But they are not a treatment because they cannot silence the embryonic genes 

that have become active and damaged the brain.

2. Children with fetal alcohol syndrome (FAS) display altered performance in 

tasks of learning and memory, behaviors thought to be associated with the 

hippocampus; and altered hippocampal structure has been reported in some 

FAS children (Livy et al., 2003). In adults without mild cognitive impairment, 

daily low-quantity drinking was associated with lower dementia risk compared 

with infrequent higher-quantity drinking. A recent meta-analysis suggested a 
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U-shaped pattern for the association between drinking and dementia, with a 

nadir at 4 drinks per week, whereas consuming 23 drinks per week or more was 

associated with a higher dementia risk (Koch et al., 2019). Light to moderate 

wine consumption seems to reduce the risk of dementia and cognitive decline 

in an age-dependent manner (Reale et al., 2020). Alcohol interferes with the 

embryology of the developing brain of a fetus, reducing intelligence. But alcohol 

could also interfere with embryologic reactivation in an old person, reducing the 

risk of AD.

3. Patients with severe Alzheimer’s disease experienced considerable improvements 

in both behavior and cognition within days of receiving low-dose radiation 

treatment (Cuttler et al., 2021). Ionizing radiation has profound detrimental 

effects on the developing brain, intelligence, and learning ability (Schull et al., 
1990).

Cigarettes, Constipation, and a Possible PD Treatment

Tobacco smokers have reduced PD risk. The inverse relationship between smoking and PD 

is dose-dependent: the more a person smokes, the less chance that he or she will develop PD 

(Mappin-Kasirer et al., 2020).

As was mentioned above, some PD patients experience constipation long before they 

develop mobility problems; in addition, constipation is a frequent complaint of people who 

try to stop smoking. One in six smokers attempting to quit will become constipated; for 

one in eleven, the problem is severe. Constipation is reduced but still reported with nicotine 

replacement therapy (Hajek et al., 2003).

The reasons for the inverse association between tobacco smoking and PD are not fully 

understood. Some studies have suggested that nicotine may have neuroprotective properties 

and stimulate the release of dopamine. However, high-dose transdermal nicotine in PD 

patients was not beneficial (Villafane et al., 2018). Therefore, other components of tobacco 

may be responsible for the neuroprotective effect.

Tobacco has a long history of medicinal applications (Charlton, 2004). The leaves and juice 

were much used for skin disorders, possibly including basal cell cancer. Of most interest in 

Parkinson’s disease are the diterpenes in tobacco.

Diterpenes are a class of chemical compounds composed of four isoprene units. They 

are biosynthesized by plants, animals, and fungi via the HMG-CoA reductase pathway, 

with geranylgeranyl pyrophosphate being a primary intermediate. Diterpenes form the 

basis for biologically important compounds such as retinol, retinal, and phytol. They are 

antimicrobial, neuroprotective, and antiinflammatory (Kim et al., 2016; Yan et al., 2019). 

Diterpenes are present in coffee and tea, as well as in tobacco leaves, and coffee and tea 

drinkers have reduced PD risk (Gross et al., 1997; Katritzky et al., 2008).

Tobacco plants use both nicotine and diterpenoids to defend against hungry insects, such as 

tobacco hornworms. Diterpenoids are quite toxic. Tobacco plants have evolved an elaborate 
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mechanism to maintain a balance between defending themselves and poisoning themselves. 

In wild tobacco (Nicotiana attenuata), two cytochrome P450 enzymes work within the 

biosynthetic pathway of 17-hydroxygeranyllinalool diterpene glycosides to help prevent the 

accumulation of toxic diterpene derivatives. The same diterpene derivatives are formed in an 

insect herbivore after ingestion and cause toxicity by inhibiting sphingolipid biosynthesis in 

both plant and insect (Li et al., 2021). Diterpenes are active against Parkinson’s disease and 

other forms of neurodegeneration, and have been suggested as therapeutic agents (Islam et 
al., 2016).

The beneficial effect of smoking on PD may be independent of the detrimental effect of 

constipation. Smoking may not be beneficial solely because it stimulates the bowel to empty 

and prevents constipation. A component of tobacco, perhaps the diterpenoids, could be an 

effective PD treatment.

Conclusion

Many questions remain about the AD/LBD/PD relationship and the role played by the gut 

microbiome. The disease mechanisms of AD disease and PD are likely multifactorial and the 

reactivation of embryologic pathways silenced at birth is likely one of them. Further studies 

may lead to new therapies.
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Figure 1. 
Factors involved in neurodegenration.
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