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Abstract

Alzheimer’s disease (AD) is a neurodegenerative condition characterized by cognitive decline and the
accumulation of amyloid-p plaques and neurofibrillary tangles in the brain. Although developing the disease
becomes increasingly common as people age, centenarians — individuals who reach the age of 100 — have
shown an unexpected resilience to AD, and these individuals are more prevalent in regions known as blue zones,
where people experience exceptional longevity and health. This study focuses on the offspring of centenarians in
one of these blue zones, Okinawa, Japan, to investigate what potential protective factors they may possess
against AD. By screening this unique population using a questionnaire and the Mini-Mental State Examination
(MMSE) and tracking AD pathology through advanced biomarker assays following the A/T/N criteria, A:
AP40/42 ratio, T: phosphorylated tau (pT217-tau), and N: neurofilament light chain (NfL) levels, we aim to
uncover genetic, environmental, or lifestyle-related factors that contribute to the decreased incidence of AD in
these populations. This study seeks to identify key factors contributing to their resilience by comparing the
results of centenarian offspring with age-matched non-centenarians. The spouses of these offspring of
centenarians will also be included in the study, acting as a control group of individuals who are likely to share
many of the lifestyle and environmental factors with the centenarian offspring but with different genetics. These
findings could provide valuable insights for the future development of public health strategies and approaches to
mitigate AD risk in the broader population.
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1. Introduction

AD is the most common form of dementia, affecting over 50 million people worldwide, a humber which is
expected to double every 20 years (ADI — Dementia Statistics, n.d.). As the life expectancy of humans
continues to grow, so too does the rate of AD diagnosis and death, making researching the disease increasingly
urgent. The disease is often clinically characterized by a progressive decline in cognitive function, memory, and
reasoning. Pathologically, AD is characterized by the buildup of abnormal protein aggregates in the brain made
of amyloid B-protein (AB) and hyperphosphorylated tau (p-tau). Amyloid plaques are abnormal clumps of AP
that accumulate extracellularly, while neurofibrillary tangles are twisted fibers of p-tau that build up inside cells.
Both of these contribute to cell death and the loss of brain function characteristic of AD.

Research has shown that as individuals age, the likelihood of AD developing increases drastically, with the
chance doubling every five years past 65, and over one-third of people over 85 have AD (Jorm & Jolley, 1998).
Interestingly, the risk of developing AD no longer increases beyond a certain age. In reality, people who are over
100 years of age, known as centenarians, have a decreased chance of developing AD (Corrada et al., 2010).
Studying and understanding the health and longevity of these centenarians offers valuable insights into aging,
particularly in relation to neurodegenerative diseases such as AD due to their currently enigmatic and unique
resilience and/or resistance to these diseases. Their unexpectedly decreased risk suggests that these centenarians
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may possess protective genetic factors or are shielded by environmental or lifestyle-related factors that
contribute to this decreased risk. The offspring of these centenarians can provide even further insight into AD
resilience and resistance, which is often linked to genetics. The link between centenarianism and genetics is so
strong that the siblings of centenarians are nine times more likely to become centenarians than the average
population, and their offspring have 62% lower all-cause mortality rates compared to age-matched individuals
(Anderson, 2020). Studying these offspring is also incredibly beneficial because they can be compared with
control groups of similar-aged people who are not the offspring of centenarians. On the other hand, their parents
do not have any control group to which they can be compared because, as the name centenarian suggests, those
who are not centenarians never live to the same age. Certain areas known as blue zones contain exceptional
levels of health and longevity, lower disease rates, including Alzheimer’s, and a higher proportion of these
centenarians.

Blue zones are described as regions of the world where people live significantly longer and healthier lives than
the global average. Five regions are currently widely considered as blue zones: Ikaria, Greece; Nicoya, Costa
Rica; Loma Linda, US; Sardinia, Italy; and Okinawa, Japan. Although Japan already has a higher percentage of
centenarians within the country than other countries, Okinawa has an even higher percentage of centenarians
than other prefectures (Nakanishi et al., 2021). This fact means that Okinawan centenarians can more easily be
compared to the centenarians from other regions of Japan due to the higher number of Japanese centenarians.
While some blue zones have studies researching various rates of diseases and other health factors of their older
populations, none except for Okinawa has a specific study to track its centenarians. Okinawa centenarians are
tracked by the Okinawa Centenarian Study, the most extensive centenarian study in the world, which has
examined over 600 centenarians over the years (OCS ORCLS, n.d.). Also, all Japanese centenarians receive a
certificate from the prime minister of Japan on the “Respect for the Aged Day,” meaning that the centenarians in
Japan are tracked in a database (Respect for the Aged Day, 2021). In conjunction, these two factors make
studying and gathering data on these centenarians, and by extension, their offspring, much more accessible in
Okinawa than in other blue zones because of access to large databases containing information on these
centenarians. | hypothesize that the Okinawan centenarians’ offspring will continue to show protection from AD,
and their protection will be caused by environmental and lifestyle factors. By researching the Okinawan
centenarians and their offspring, | aim to uncover potential factors that contribute to their resilience and
resistance to AD.

Various past studies on the prevalence of AD and other neurodegenerative diseases are based on clinical
symptoms and diagnoses by medical professionals to determine whether or not individuals have the disease. The
problem with these methods is that they are subjective and inevitably somewhat affected by the personal biases
and previous experiences of those conducting the diagnoses. Therefore, this study will use biomarkers, a more
objective method that will not falsely diagnose individuals with neurodegeneration caused by factors outside of
the diseases of interest. This method is even more relevant now than ever due to the significant recent
improvements in AD biomarkers.

Recent progress in AD research, allowed by new ultrasensitive detection methods, has led to the development of
significantly improved biomarkers, enhancing our ability to diagnose and monitor the disease. These biomarker
tests will focus on the A/T/N criteria — Amyloid, Tau, and Neurodegeneration — pivotal in identifying AD and
tracking its progression. The amyloid component in the A/T/N ratio refers to the AB40/42 ratio. AB42 has been
shown through research to be more likely to cause amyloid plaque build-up, meaning a lower ratio of AB40/42
below a certain threshold will be evidence of AD (Doecke et al., 2020). This is possibly because Ap40/42
aggregates more easily and is more likely to be found in aggregates, where the biomarker assay will not measure
it as part of the AB40/42 ratio, meaning that since AB40 levels remain similar, the ratio will lower. This ratio can
now be measured in blood plasma, with research showing these new tests have a strong correlation with amyloid
PET imaging. This breakthrough led to the FDA approval of a CSF test measuring the AB40/42 ratio in 2022,
followed by the launch of the AD-Detect™ blood test in 2023 (Pais et al., 2023). The Tau component of A/T/N
has been discovered through research, mainly by chance. Scientists discovered that the phosphorylated form of
tau (pTau) at position 217 (pT217-tau) has emerged as a highly specific and promising biomarker for AD, both
as a diagnostic biomarker and progression biomarker, thanks to its close correlation with AD plaque build-up,
leading to the availability of a commercial assay by AlzPath, Inc. in 2024 (No&le Warmenhoven et al., 2024).
Finally, the neurofilament light chain (NfL) is the Neurodegeneration component of the A/T/N criteria. The NfL
is a very stable marker of neurodegeneration, which can now be measured much more easily and less intrusively
than before through blood tests thanks to the consistent correlation between the more invasive cerebral spinal
fluid measurements (CSF) and plasma/serum NfL concentrations. NfL concentrations have now also been shown
in research to predict familial AD up to 15 years before symptom onset (Weston et al., 2019). Familial AD is a
form of AD that is often caused by autosomal dominant genetic inheritance of the APP, PSEN1, and PSEN2
genes. It is also a form that often exhibits symptoms in the patients’ 40s and 50s, much earlier than normal
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(Bekris et al., 2010). Further research is necessary before this data on familial AD can be applied to other AD
forms. However, changes to pTau occur much earlier and level off later on, and NfL changes occur later,
meaning both biomarkers are important. These huge advancements in biomarkers for the diagnosis and tracking
of the progression of AD have paved the way for future developments.

AD is a growing global health issue, with millions affected and no known cure. As populations age, the urgency
to find preventative strategies increases. This study focuses on a unique population — Okinawan centenarians —
who exhibit a lower incidence of AD despite advanced age. This research could reveal insights into AD
prevention by exploring the genetic, environmental, and lifestyle factors contributing to centenarians’ resilience
through their offspring. Identifying protective factors in these individuals may lead to the development of public
health strategies to reduce AD risk in the general population, offering new hope for combating this
neurodegenerative disease.

2. Experimental Design

In my study, the included subjects must each have at least one biological parent to have made it to the age of 100
and lived in Okinawa. The population of centenarians in Japan, as recorded by the national government in 2023,
was 92,139, which is about 73 per 100,000 individuals living in Japan (Japan’s Centenarians Reach a Record
92,000, 2023). In Okinawa, the number of centenarians per 100,000 is almost double that of the rest of Japan,
according to the Okinawa Centenarian Study (Willcox et al., 2006). Although Japan currently has quite a low
birth rate of 1.3 births per woman compared to the United States, 1.6 births per woman, Okinawa has the highest
birth rate compared to all other regions of Japan, being the only prefecture to have an increasing population in
Japan in 2021 and previous years, according to the Ministry of Internal Affairs and Communications (Japanese
Birth Rates Highest in Okinawa and Kytsh@i Municipalities, 2024). The offspring of the centenarians were likely
born 60-80 years ago when the birth rate was significantly higher, with over three births per woman. | can use
these data to calculate a safe estimate of approximately 240 offspring of centenarians from Okinawa that will be
willing to participate in the study, given that about 75% agree to participate, which is reasonably accurate based
on older studies of centenarians (Yamada et al., 2002).

In phase 1 of the study, | will send out a brief online questionnaire examination for all subjects. The
questionnaire will be emailed to the offspring directly to gather information on their daily activities,
psychological and medical symptoms, and medical history. To ensure more responses from the targeted subjects,
I will also make phone calls to individuals who did not respond to the questionnaire after three days, and | will
also offer a $20 incentivization reward to all participants of this stage. The screening will also be extended to the
subjects’ spouses if they have one and live together. The spouse group will act as a control group as they are
more likely to share similar lifestyles and be influenced by environmental factors similar to the centenarian,
given they live together. This survey will be modeled after a past study on centenarians of lkaria, Greece,
another blue zone (Legrand et al., 2019). The questions will include (1) Identity: name, birth date, place of birth,
and father’s name (to distinguish potential namesakes); (2) Location of primary and secondary residences. For
the principal residence, participants defined their primary home as isolated; within a village; or within a nursing
home; (3) Number of years living in Okinawa; (4) Educational level: abilities in reading, writing, and calculation,
all will be scored from 1 to 100 based on standardized tests; (5) School: primary, secondary or higher; (6)
Profession before retirement; (7) Monthly income and source: personal, family or state; (8) Family status: single,
widow(er), cohabitant, married or divorced; (9) Family environment: number of siblings, number of children,
number of people living in the home of the participant; (10) Habits: current or past smoking with the year of
cessation, equivalent alcohol consumption in glasses of wine per day. Both smoking and drinking habits will be
rated by the participants from 1 (No consumption) to 10 (Heavy daily consumption). In addition to the questions
from the Ikaria study, | will include questions about personal health and lifestyle, including the makeup of their
diets (consumption of various food types numerically expressed on a scale based on the amount consumed per
week), quality, duration, and consistency of their sleep (based on hours slept on average per day and rated from 1
to 10 of sleep quality), as well as about their consumption of Okinawan Propolis (whether they use it and how
much they use it). Propolis is a material produced naturally by honey bees and used to treat wounds and other
skin issues. It was found to possibly have links to protection from health problems, including AD
(Shahinozzaman et al., 2018). Each subject will also complete the Mini-Mental State Examination (MMSE) to
screen for cognitive impairment, administered by personnel trained to administer this examination. The local
screenings for the MMSE will be held at any local testing center available in Okinawa. However, for screenings
for the offspring who have since left Okinawa, the administrator will be sent to each individual’s home to
conduct the test. Based on previous studies, a cutoff of below 24 out of 30 in the MMSE was chosen to show
cognitive impairment (Gluhm et al., 2013).

In phase 2 of the study, all cases (including spouses) that show questionable or definite cognitive impairment in
phase 1, according to the MMSE, will be examined for biomarkers of AD. In this phase, all subjects from Phase
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1 who demonstrate questionable or definite cognitive impairment based on the MMSE scores will undergo
further analysis using advanced biomarkers to diagnose and monitor AD more precisely. The biomarker tests will
focus on the A/T/N criteria.

Blood samples will be collected from all participants who scored below 24 on the MMSE. This blood will be
analyzed for the AP40/42 ratio, phosphorylated tau at position 217 (pT217-tau), and neurofilament light chain
(NfL) levels using the previously mentioned biomarker tests. The AP 40/42 ratio in serum and plasma will be
analyzed, and the results will be compared to normative data from other populations to identify any protective or
risk factors. An AP 40/42 ratio higher than or equal to 0.170 shows evidence of low risk of AD, a ratio between
0.150-0.169 shows intermediate risk, and a ratio below 0.150 shows evidence of high risk of AD (Quest
Diagnostics: Test Directory, 2023). The presence of amyloid plaques will also be confirmed through amyloid
PET imaging for those with abnormal ratios. The pT217-tau levels will also be measured in the blood and CSF.
Elevated levels will indicate tau pathology, which is a hallmark of AD. Plasma p-tau217 levels of greater than
0.15 pg/mL are often consistent with those who have AD and may be indicative of AD, while those with levels
lower than or equal to 0.15 pg/mL are more likely not to have AD (Quest Diagnostics: Test Directory, 2024). NfL
levels will be assessed to evaluate the extent of neurodegeneration. High levels of NfL may indicate a higher rate
of neuron loss, which is associated with AD progression. One study found control groups to have a mean level of
plasma NfL of 34.7 ng/L, while those with AD had mean levels of 51.0 ng/L (Mattsson et al., 2017).

The biomarker data will be integrated with the questionnaire responses to identify patterns and correlations
between lifestyle, environmental factors, and AD biomarkers. Statistical models will be used to determine the
significance of these relationships and control for potential confounding factors.

Before starting the study, a power analysis will be conducted to determine the minimum sample size needed to
detect significant differences between the groups. This ensures the study has enough participants to produce
reliable results.

This study will employ various statistical techniques to analyze the relationships between biomarkers, cognitive
test scores, and the questionnaire data. Given the different types of data, continuous (e.g., biomarker levels) and
categorical (e.g., lifestyle factors), several statistical approaches will be applied to ensure accurate and
meaningful results. Statistical analysis will help identify significant protective factors against Alzheimer’s
disease (AD) in the offspring of Okinawan centenarians and compare them with the control group of spouses. |
will use descriptive statistics to summarize the data, including the mean, standard deviation, and range.
Frequency and percentages will summarize categorical variables like diet, smoking status, and alcohol
consumption. | will then use the Shapiro-Wilk test to determine if the data for continuous variables (e.g.,
biomarker levels and MMSE scores) follow a normal distribution. If the data are normally distributed,
parametric tests will be used. If they are not, non-parametric tests will be employed. These values and tests will
describe and detail continuous variables’ shape, outliers, center, and spread, including AB40/42 ratio, pT217-tau,
NfL levels, and MMSE scores.

The cognitive performance (MMSE scores) between groups will be compared using a t-test for normally
distributed data and the Mann-Whitney U test for non-normally distributed data (Mishra et al.). This will help
determine if there is a significant difference in cognitive function between the groups. To explore relationships
between continuous variables like biomarkers (AB40/42, pT217-tau, NfL) and lifestyle factors (e.g., sleep
duration, diet), we will use Pearson’s correlation for normally distributed data and Spearman’s correlation for
non-normally distributed data. This will help identify possible connections between these factors and AD risk
found from the biomarker data. For categorical data (e.g., smoking status, alcohol consumption, and Propolis
use), a chi-square test will be employed to examine if there are any significant differences in these lifestyle
factors between centenarian offspring and non-centenarians.

3. Possible Outcomes

One possible outcome of the study is that the results show a significantly higher level of protection from AD in
Okinawa centenarian descendants compared to the general population and that the evidence also leans towards
environmental factors being the source of this protection. If the data show that centenarian offspring have a
higher level of protection against AD, and the questionnaire reveals specific lifestyle or environmental factors
(e.g., diet, sleep quality, or Propolis consumption) that are significantly more common in healthy individuals,
this would suggest that these factors play a crucial role in AD resistance. My next steps would involve testing
other populations, particularly in other blue zones, to see if similar protective factors are present. Additionally,
interventions or public health recommendations could be developed based on these findings to promote these
protective factors in broader populations. Further research could explore the mechanisms by which these factors
confer protection against AD, potentially leading to new preventative strategies or treatments.

On the other hand, the data could indicate that centenarian offspring have a higher level of protection against AD,
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but the questionnaire factors do not significantly correlate with AD resistance. This would suggest that either
inherited genetic protective factors might be responsible for their resilience or some other lifestyle or
environmental factors that were not covered by my questionnaire are responsible. The next logical step would be
to conduct a genetic study of the subjects, focusing on sequencing their genomes to identify potential protective
genes or variants that correlate with higher protection from AD. This could involve pinpointing specific genetic
differences by comparing the genetic data of the centenarian offspring with those of non-centenarians and the
general population as a control group.

If the study fails to recruit enough participants or the participation rate is lower than expected (e.g., fewer than
the anticipated 240 offspring of centenarians agree to participate), the study may lack the statistical power
needed to draw meaningful conclusions. A smaller sample size can lead to inconclusive results or increased
variability, making it challenging to identify significant correlations among the biomarkers, questionnaire factors,
and AD resistance. Something | could do to change future studies and achieve higher participation would be to
broaden the recruitment criteria to include centenarian offspring from other blue zones or regions with similar
characteristics to increase the sample size. | could also implement additional outreach strategies, such as
partnering with local healthcare providers or community organizations to boost participation.

If the questionnaire responses are highly variable or inconsistent, it may be challenging to identify clear
correlations between lifestyle factors and AD resistance. This could be due to differences in how participants
interpret the questions or recall bias in reporting past behaviors. High variability could obscure potential
relationships and make it difficult for me to draw definitive conclusions about the role of lifestyle or
environmental factors in AD resistance. Although the probability of this outcome is lower because, in this study,
I mainly used questions from a previously successful questionnaire for my questionnaire, it is still a possibility.
If this happens, | would refine my questions to create questions with multiple-choice answers or force
participants to answer using a scale from 1-10.

Another possibility is technical difficulties in conducting the biomarker assays, such as equipment malfunctions,
reagent shortages, or inconsistent lab results. These technical issues can lead to data loss, unreliable results, or
the need for repeated testing, which can delay the study and increase costs. Ultimately, these problems can lead
to complete failure in the study results. To address this challenge, I could establish rigorous quality protocols to
ensure the accuracy and reliability of the biomarker assays and invest in higher-quality assays. This could
include running pilot tests, using multiple labs for cross-validation, and ensuring consistent reagent supply. |
could also have backup biomarker assays or alternative methods available to mitigate the impact of any technical
failures. If technical issues arise, | could also consider sending samples to external organizations with high-level
laboratories and specialized expertise in AD biomarkers to confirm results and ensure data integrity.
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