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Preventative medicine and 
Alzheimer’s disease: is Alzheimer’s 
disease risk reduction achievable?

Alzheimer ’s disease (AD) has a multifactorial 
etiology that has eluded scientists and clinicians 
for decades. This incomplete understanding of 
the causal factors likely contributes to the dearth 
of effective therapeutics available to treat this 
growing pandemic. Cholinesterase inhibitors 
such as galantamine, rivastigmine and donepezil 
are considered frontline treatments but these 
medications merely treat some of the symptoms 
associated with AD, rather than curing or even 
slowing the progression of the disease. This has 
caused some investigators and clinicians to start 
exploring the potential to prevent AD. However, 
the concept of  AD has gained widespread 
acceptance in the clinical community, with many 
stating that the prevention of AD is impossible. 
While we would concede that reducing the 
likelihood of AD development to zero is impossible, 
these authors argue that significant reduction of 
the risk of developing AD, particularly in patients at 
an elevated risk for AD development, is achievable 
today, and can save many lives and life years. 

The focus of this piece is on primary prevention 
of AD, which we consider to be reduction of the 
likelihood of individuals to develop AD in the 
future. However, there is evidence to suggest 
that some of the same preventive measures 
recommended for risk reduction in asymptomatic 
individuals may work for secondary prevention 
[e.g., slowing or halting the progression from 
preclinical AD to mild cognitive impairment (MCI) 
to AD] and perhaps even tertiary prevention (i.e., 
maintaining and/or restoring some cognitive 
functions in individuals with MCI due to AD) as 
well. Because these interventions require an 
investment (i.e., time, effort, cost) and because 
it is easier to study the efficacy of prevention 
interventions in at-risk samples, our discussion 
and the supportive evidence presented will focus 
on risk reduction in individuals with risk factors for 
the development of AD. These risk factors include 
age, a family history of AD, a history of traumatic 
brain injury, heart disease, diabetes, stroke, high 
blood pressure, high cholesterol and known 
presence of one or two Apolipoprotein E (APOE) 
ε4 alleles, a genetic variant of the APOE gene on 
chromosome 19.

Growing evidence shows that inflammation, 
a process which can be mitigated by changes 
in a diet and lifestyle, could be a major factor 
contributor to AD development. Pro-inflammatory 
cytokines, such as tumor necrosis factor-α (TNF-α), 
interleukin 1 beta (IL-1β), and interleukin 6 (IL-6), 
are upregulated in the brains of individuals with 
AD, which leads to an accumulation of amyloid B 
plaque aggregates and tau hyperphosphorylation 
resulting in neuronal loss (Jack et al., 2018). 
However, there is a limited window for analyzing 
cytokines, plaques, neurofibrillary tangles, and 
tracking constant MRI changes. Given this, early 
identification of risk factors can be challenging 
and costly so clinicians should be on the lookout 
for risk factors that may be determined quickly 
through the patient ’s chart and/or reported 
medical history (e.g., advanced age with a history 
of heart disease, diabetes, stroke, high blood 

pressure and/or high cholesterol, with a family 
history of AD). Presence of some or all of these 
risk factors may be sufficient for the patient to take 
preventative action and/or request more in-depth 
risk assessment from an AD prevention specialist, 
a growing clinical area.

Genetic and imaging data suggest that through 
the spectrum of disease, amyloid accumulates 
initially, followed by tauopathy, and this eventually 
causes  enough microg l ia l  act ivat ion  and 
neuroinflammation to lead to symptoms (Jack et 
al., 2018). In “resilient brains”, abundant amyloid 
plaques and tangles can be seen at death with 
no cognitive deficits, and the reason is likely the 
same – a lack of neuroinflammation (Cable et al., 
2020). Patients can have plaques and tangles but 
if neuroinflammation is not triggered, it is believed 
that one would not lose enough neurons to 
develop cognitive symptoms, and thus addressing 
the “initiating” proteinopathy (plaques and 
tangles) decades in advance may hold the most 
promise for success.

Evidence for primary prevention: Several studies 
suggest nutritional interventions may be effective 
in delaying AD onset. The role of antioxidants in 
AD treatments may be integral in reducing the 
long term risk of AD. Turmeric has been known 
to have anti-inflammatory and antioxidant effects 
in the body. Macrophages have been shown 
to increase uptake and phagocytosis of beta-
amyloid plaques in patients with AD. Turmeric 
has been shown to reduce the release of reactive 
oxygen species by increasing neutrophil count 
and decreasing the levels of pro-inflammatory 
cytokines such as TNF-α and interleukin 1 beta 
(IL-1β). As a result, there is a decrease in cytokine 
inflammation, which is beneficial for patients with 
AD. Additionally, turmeric exposure also decreased 
the levels of pro-inflammatory cytokines IL-1, IL-6, 
and TNF-α. A study done in vitro showed increased 
production of anti-inflammatory cytokine IL-4 in 
cultured microglia from mice that were treated 
with turmeric extract, which has been shown 
to hinder microglia activation and overall lower 
inflammatory mediator assembly such as TNF-α 
(Yang et al., 2005). 

Other ant ioxidants  such as  v itamin E can 
possibly slow the dementia pathogenesis in 
AD. Alpha tocopherol transfer protein (alpha-
TTP) or vitamin E concentration has been shown 
to be increased in the brains of patients with 
neurodegenerative diseases, demonstrating that 
vitamin E is an essential antioxidant factor for 
neuronal protection. A 2014 and 2018 meta-
analysis concluded that AD is associated with a 
low concentration of serum vitamin E (Dong et 
al., 2018). A Randomized, Clinical Trial of Vitamin 
E and Memantine in Alzheimer’s Disease (TEAM 
–AD), one of the largest trials known for AD 
treatment, showed that 2000 IU/day of vitamin 
E significantly delayed the clinical progression of 
AD symptoms (Dysken et al., 2014). Vitamin C, a 
potent antioxidant, also aids to combat oxidative 
stress, a proposed pathophysiological mechanism 
of AD. Additionally, the Mediterranean-DASH 
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Diet Intervention for Neurogenerative Delay 
(MIND) diet which is a combination of the 
Mediterranean, DASH and increase intake in 
vegetables was statistically significant with a lower 
risk of developing AD by 53% (HR = 0.47; 95%CI: 
0.29, 0.76) in the top tier group compared with 
participants in the lowest tier group (Morris et 
al., 2015). This confirms that antioxidants such 
as vitamin E and turmeric, as well as the MIND 
diet indeed play a significant role in decreasing 
inflammation, which has been associated with the 
pathogenesis of AD.

Possible mechanisms of action to explain 
the efficacy of prevention interventions: 
One of the largest randomized trials testing a 
lifestyle intervention for AD was the Finnish 
Geriatric Intervention Study to Prevent Cognitive 
Impairment and Disability (FINGER) trial. This 1200 
person study analyzed cognitive performance 
(executive functioning, complex tasks) in patients 
with cognitive decline and increased risk of 
dementia (Ngandu et al, 2015). The intervention 
group was offered a combination of nutritional 
advice and exercise, cognitive training, and other 
various vascular and metabolic risk factors. 
Persons in the control group receive regular 
health advice. The intervention group showed 
a significant increase in executive functioning, 
complex memory tasks, processing speeds and 
a lower risk of cognitive decline (Ngandu et al., 
2015). The primary outcome was a change in 
cognitive performance measured with an NTB 
total score, a composite score based on results 
from 14 tests which measures memory and 
executive function. NTB is a valid, reliable measure 
that analyzes change of cognition in patients with 
mild to moderate Alzheimer disease. The results of 
the NTB measured with a Z score, showed that at 
2 years the Z score was 0.20 (SE = 0.02, SD = 0.51) 
in the intervention group and 0.16 (SE = 0.01, SD 
= 0.51) in the control group (Ngandu et al., 2015). 
This means that after 2 years the NTB total score 
was 25% higher in the intervention group than in 
the control group, improving significant beneficial 
effect on cognitive outcome. This highlights that 
not only dietary factors play a key role in AD, 
but also non-dietary lifestyle modifications are 
beneficial as well.

Effect of prevention interventions may depend 
on genetic predisposition:  Using genome-
based technologies to diagnose pathology has 
accelerated in the past 20 years and has been 
recently adopted into routine clinical practice 
today. Berkowitz et al. (2018) demonstrated that 
individuals with the APOE genotype may display 
a greater significant response to various lifestyle 
interventions. For example, individuals with ε4 
alleles can show more dramatic changes in total 
cholesterol, low-density lipoprotein, and high-
density lipoprotein in response to reductions in 
dietary fat, whereas individuals without an ε4 
allele might express greater cognitive function 
from the Mediterranean diet (Berkowitz et al., 
2018). Aside from specific genes, there are 
single nucleotide polymorphisms (SNPs) that are 
associated with an increased risk of AD: CLU, CR1, 
and PICALM (Berkowitz et al., 2018). These genes 
are not available to sequence commercially, but 
do respond to the dietary input and change due 
to the Mediterranean diet (Isaacson et al., 2019). 
This reinforces the idea that modifiable risk factors 
such as diet can effectively alter our genome and 
mitigate the progression of AD.

Precision medicine may be helpful in assessing 
and reducing risk for AD development: The idea 
of sequencing one’s genome to tailor their diet 
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and lifestyle is a concept within reach. Precision 
medicine, a potential means of primary and/
or secondary prevention, is the acquisition of 
the multifaceted characteristics encompassing a 
human being. Clinical history, neurodevelopment, 
academic history, past and current lifestyle 
habits, environmental exposures, and life events 
are analyzed. Past medical history, including 
physical/neurological examination are studied 
and then interpreted as well. Anthropometrics, 
the study of the proportions of the human body 
(body mass index, waist to hip ratio), and blood 
biomarkers with genetic analysis are performed. 
In conjunction with the physical examination, a 
cognitive assessment is also obtained and, along 
all of this invaluable information, allows us to 
practice “deep phenotyping”, or in other words 
gathering individual data about each person 
(Figure 1). One key study published by Isaacson et 
al. (2019) showed that individualized AD risk factor 
management may improve cognitive function 
which may be related to AD pathology. Several AD-
risk biomarkers such as high-density lipoprotein 
cholesterol, high-sensitivity C-reactive protein, 
adiponectin, and 25-hydroxy-vitamin D were 
improved when a tailored individual regimen was 
applied to patients who are at risk for AD (Isaacson 
et al. (2019). These modifiable risk factors can be 
prioritized to specific treatments and towards an 
individual approach with prevention.

Summary: Until recently, AD was not regarded as 
conceivably preventable and more so considered 
a devastating disease that is poorly understood. 
Identifying this disease or at least a preliminary 
AD diagnosis at a younger age may lead to $7 
trillion in savings in the US alone, by potentially 
shortening the t ime of  extensive medical 
management. Additionally, the mental health 
burden on families can potentially be spared 
immensely. Through continued collaborative 
efforts across medical specialties, the next logical 
step is to replicate AD risk reduction in clinical 
practice in additional cohorts globally (Kivipelto et 
al, 2020). From a clinical perspective, recognizing 
these processes with precision medicine and an 
incorporation of antioxidants will allow for definite 
results in the effort to reduce risk and improve 
patient outcomes. Clinical trials with the emphasis 
on the pre-clinical stage can emphasize critical 
risk reduction and target cognitive decline. The 
FINGER trial was met with such a positive response 
that World-Wide FINGERS (WW-FINGERS) was 
launched in 2017 and included over 25 countries. 
This conglomerate includes multiple preventative 
and risk reduction trials. Large RCTs such as the 
MIND-CHINA, U.S. POINTER, CANADA—CAN-
Thumbs-UP, India FINGER, and many more trials 

are being researched with a parameter placed on 
each trial (Kivipelto et al, 2020). 

A shift of focus on risk reduction and preventative 
measures should also be ongoing and possibly 
utilized in the clinical setting. Since there is 
no cure for AD, patients who are at high risk 
could benefit from early risk detection to 
possibly reduce the likelihood of developing 
AD. Given mounting evidence supporting the 
effectiveness of preventive measures, clinicians 
have an obligation to educate themselves and 
council their patients on different options for 
AD prevention. It is the hope of these authors 
that this manuscript encourages more primary 
care clinicians to: 1. look for AD risk factors and/
or early signs of cognitive decline; 2. remember 
that AD risk reduction is possible, and; 3. feel 
confident in suggesting that at-risk patients 
take relatively benign steps towards AD risk 
reduction by emphasizing a healthy diet by the 
Mediterranean diet and/or MIND diet. Increasing 
dietary antioxidant consumption (especially 
Vitamin E, Vitamin C, and Turmeric) may help 
decrease inflammation in the brain, and alter our 
genome to help snare the process of AD. Non-
dietary lifestyle modifications such as increased 
exercise and social interaction can be beneficial, 
may sharpen cognitive performance and improve 
executive function. In addition, we hope this 
piece encourages further investigation, both in 
the clinic and in the research laboratory, into AD 
risk reduction regimens tailored to particular 
individuals. Until there is a cure, clinicians must 
use all available tools to help patients fight the 
battle against AD.

HCA Healthcare supported this work (in whole or 
in part) and/or an HCA Healthcare affiliated entity. 
The views expressed in this publication represent 
those of the author(s) and do not necessarily 
represent the official views of HCA Healthcare or 
any of its affiliated entities. 
 
Benjamin Sinyor*, Richard Isaacson, 
Christopher Ochner
HCA Healthcare, Nashville, TN, USA (Sinyor B, 
Ochner C)
Weil Cornell Medicine, New York Presbyterian 
Hospital, New York, NY, USA (Isaacson R)
*Correspondence to: Benjamin Sinyor, MD, MPH, 
benjamin.sinyor@hcahlealthcare.com.
https://orcid.org/0000-0002-0061-9685
(Benjamin Sinyor) 
Date of submission: October 8, 2020 
Date of decision: November 21, 2020 
Date of acceptance: December 22, 2020  
Date of web publication: January 25, 2021

https://doi.org/10.4103/1673-5374.306086
How to cite this article: Sinyor B, Isaacson R, 
Ochner C (2021) Preventative medicine and 
Alzheimer’s disease: is Alzheimer’s disease 
risk reduction achievable? Neural Regen Res 
16(9):1772-1773. 
Copyright license agreement: The Copyright 
License Agreement has been signed by all authors 
before publication.
Plagiarism check: Checked twice by iThenticate.
Peer review: Externally peer reviewed.
Open access statement: This is an open access 
journal, and articles are distributed under the 
terms of the Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 License, which 
allows others to remix, tweak, and build upon the 
work non-commercially, as long as appropriate 
credit is given and the new creations are licensed 
under the identical terms. 

References
Beason-Held LL, Goh JO, An Y, Kraut MA, O’Brien RJ, Ferrucci 

L, Resnick SM (2013) Changes in brain function occur 
years before the onset of cognitive impairment. J Neurosci 
33:18008-18014.

Berkowitz CL, Mosconi L, Scheyer O, Rahman A, Hristov H, 
Isaacson RS (2018) Precision medicine for Alzheimer’s 
disease prevention. Healthcare (Basel) 6:82.

Cable J, Holtzman DM, Hyman BT, Tansey MG, Colonna M, 
Kellis M, Brinton RD, Albert M, Wellington CL, Sisodia SS, 
Tanzi RE (2020) Alternatives to amyloid for Alzheimer’s 
disease therapies-a symposium report. Ann N Y Acad Sci 
1475:3-14.

Dong Y, Chen X, Liu Y, Shu Y, Chen T, Xu L, Li M, Guan X 
(2018) Do low-serum vitamin E levels increase the risk of 
Alzheimer disease in older people? Evidence from a meta-
analysis of case-control studies. Int J Geriatr Psychiatry 
33:e257-263.

Dysken MW, Sano M, Asthana S, Vertrees JE, Pallaki M, 
Llorente M, Love S, Schellenberg GD, McCarten JR, 
Malphurs J, Prieto S, Chen P, Loreck DJ, Trapp G, Bakshi 
RS, Mintzer JE, Heidebrink JL, Vidal-Cardona A, Arroyo LM, 
Cruz AR, et al. (2014) Effect of vitamin E and memantine on 
functional decline in Alzheimer disease: the TEAM-AD VA 
cooperative randomized trial. JAMA 311:33-44.

Harrison JE, Rentz DM, Brashear HR, Arrighi HM, Ropacki 
MT, Liu E (2018) Psychometric evaluation of the 
neuropsychological test battery in individuals with normal 
cognition, mild cognitive impairment, or mild to moderate 
Alzheimer’s disease: results from a longitudinal study. J 
Prev Alzheimers Dis 5:236-244.

Isaacson RS, Hristov H, Saif N, Hackett K, Hendrix S, Melendez 
J, Safdieh J, Fink M, Thambisetty M, Sadek G, Bellara S, Lee 
P, Berkowitz C, Rahman A, Meléndez-Cabrero J, Caesar E, 
Cohen R, Lu PL, Dickson SP, Hwang MJ, Scheyer O, Mureb 
M, Schelke MW, Niotis K, Greer CE, Attia P, Mosconi L, 
Krikorian R (2019) Individualized clinical management 
of patients at risk for Alzheimer’s dementia. Alzheimers 
Dement 15:1588-1602. 

Jack CR Jr, Bennett DA, Blennow K, Carrillo MC, Dunn B, 
Haeberlein SB, Holtzman DM, Jagust W, Jessen F, Karlawish 
J, Liu E, Molinuevo JL, Montine T, Phelps C, Rankin KP, Rowe 
CC, Scheltens P, Siemers E, Snyder HM, Sperling R, et al. 
(2018) NIA-AA research framework: toward a biological 
definition of Alzheimer’s disease. Alzheimers Dement 
14:535-562.

Kivipelto M, Mangialasche F, Snyder HM, Allegri R, Andrieu 
S, Arai H, Baker L, Belleville S, Brodaty H, Brucki SM, 
Calandri I, Caramelli P, Chen C, Chertkow H, Chew E, Choi 
SH, Chowdhary N, Crivelli L, Torre R, Du Y,  et al. (2020) 
World-Wide FINGERS Network: A global approach to risk 
reduction and prevention of dementia. Alzheimers Dement 
16:1078-1094.

Morris MC, Tangney CC, Wang Y, Sacks FM, Bennett DA, 
Aggarwal NT (2015) MIND diet associated with reduced 
incidence of Alzheimer’s disease. Alzheimers Dement 
11:1007-1014.

Ngandu T, Lehtisalo J, Solomon A, Levälahti E, Ahtiluoto S, 
Antikainen R, Bäckman L, Hänninen T, Jula A, Laatikainen 
T, Lindström J, Mangialasche F, Paajanen T, Pajala S, 
Peltonen M, Rauramaa R, Stigsdotter-Neely A, Strandberg 
T, Tuomilehto J, Soininen H,  et al. (2015) A 2 year 
multidomain intervention of diet, exercise, cognitive 
training, and vascular risk monitoring versus control to 
prevent cognitive decline in at-risk elderly people (FINGER): 
a randomised controlled trial. Lancet 385:2255-2263.

Yang F, Lim GP, Begum AN, Ubeda OJ, Simmons MR, 
Ambegaokar SS, Chen PP, Kayed R, Glabe CG, Frautschy SA, 
Cole GM (2005) Curcumin inhibits formation of amyloid 
beta oligomers and fibrils, binds plaques, and reduces 
amyloid in vivo. J Biol Chem 280:5892-5901.

C-Editors: Zhao M, Song LP; T-Editor: Jia Y 

Figure 1 ｜ Certain markers that can help investigate and mitigate a person with Alzheimer’s disease. 


