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Preface

This book is a compendium of the worldwide studies of Alzheimer’s disease utiliz-
ing the eye as a biomarker, or as a treatment method, that are registered with the 
United States National Institutes of Health website, clinicaltrials.gov. Clinicaltrials.
gov is the largest listing of research studies in the world. The presented information 
is accurate as of October, 2023. I have divided the studies into Recruiting, Not Yet 
Recruiting, Active, Not Recruiting, and Enrolling By Invitation.

In order to produce an accurate, consistent, and easy-to-read format, I corrected 
the mischaracterization of studies by only including those that truly belonged within 
each category, and corrected spelling and grammar, without changing the spirit or 
intentions of the submitters. The Study Title is provided, as is the Country of Origin 
and the Clinical Trial Number in order to make it easier for the reader to locate the 
study and obtain further information.

From a conceptual standpoint, early diagnosis of a clinical condition offers the 
potential of a better outcome. Earlier intervention is better than late intervention 
when the die may already be cast and progression to a negative end result can no 
longer be prevented.

What is meant by “early diagnosis?” How early is early? The temporal determi-
nation is related to the ability to affect the outcome. Would most people truly wish 
to know that in 10 years they will develop Alzheimer’s disease, if there was no way 
to prevent it? Understandably, some might say “yes” as that knowledge would cause 
them to lead a healthier lifestyle, to refrain from tobacco and alcohol usage, and to 
exercise more. All worthy goals. But what if it also led to the person quitting their 
job, getting divorced, and engaging in risky activities because they felt that their fate 
was already sealed? And if, 10 years later, in the absence of any preventative treat-
ment, they didn’t develop the condition? Was the test just incorrect, did a change in 
lifestyle prevent the negative outcome, or were they just lucky? Of course, during 
the 10-year period a new treatment may be discovered that precludes the prior nega-
tive assured outcome.
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I think most people would agree that unless there is a meaningful, successful 
treatment for an early diagnosis, there is no point in knowing many years in advance 
of the inevitable when there is little you can do to change the outcome. Lead your 
life and let what may come.

New drug development is costly and time consuming. If, through the use of bio-
markers, study durations and research costs decrease, there is a greater possibility of 
a new and effective drug to treat this devastating disease. The eye offers the possibil-
ity of early diagnosis and of treatment.

I hope that by providing this reference, the field of ocular research in Alzheimer’s 
disease will be advanced.

Parkland, FL, USA� Jeffrey N. Weiss   

Preface
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Chapter 1
Introduction

�Alzheimer’s Disease

Alzheimer’s disease is a progressive, degenerative brain disorder leading to death. 
Early-onset Alzheimer’s disease (ages 30–65) is strongly related to hereditary and 
genetics. Late-onset Alzheimer’s (age 65 and older) is the leading cause of demen-
tia, affecting more than 5 million Americans. While associated with advancing age, 
there is no evidence that the disease is caused by the aging process. While particular 
genes may increase susceptibility to late-onset Alzheimer’s, researchers are study-
ing the effect of genetic, environmental, dietary, infectious agents, and metabolic 
abnormalities that may lead to disease’s development.

Unfortunately, at the present time, there is no simple clinical test to diagnose this 
condition. Posthumously, neuritic plaques composed of amyloid protein and/or neu-
rofibrillary tangles of tau protein are found. The average life expectancy following 
the diagnosis is 5–10 years. There is no successful treatment, drugs may improve 
symptoms in some cases.

In the last decade, more than 500 drug studies have failed to find a truly success-
ful treatment for this condition. In the absence of a definitive quantitative endpoint, 
most studies have been terminated after 2 years, yet 5–10 years would have been 
required to determine a meaningful clinical effect.

The eye is the only place in the body where an artery, vein, and nerve can be 
directly visualized. The nerve fiber layer of the retina is an outgrowth of the brain. 
Retinal thinning is observed by noninvasive Ocular Coherence Tomography testing 
in patients diagnosed with Alzheimer’s disease. It is apparent that a much earlier 
molecular effect would lead to an imaging change.

If an early, noninvasive, and cost-effective method is discovered to diagnose 
“early” Alzheimer’s disease, then (a) pharmaceutical companies may shorten 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-58811-2_1&domain=pdf
https://doi.org/10.1007/978-3-031-58811-2_1
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clinical studies, at lower research costs, leading to the development of new, effective 
drugs, and (b) physicians may identify patients with early disease, and prescribe the 
new drugs.

�Rates of Dementia

Worldwide, Alzheimer’s disease affects 5–8% of the general population greater than 
60 years of age, or 50 million people at the present time. Sixty percent of the affected 
patients are in low- to middle-income countries. There are 10 million new cases per 
year; 82 million affected patients are projected in 2030, and 152 million in 2050.

Alzheimer’s disease represents 60–70% of dementia cases, though there may be 
an indistinct boundary between the different types, and a patient may exhibit mixed 
dementia.

In 2015, the global cost of care was $818 billion US dollars, or 1.1% of the 
global GDP (0.2% in low- to middle-income nations to 1.4% in high-income 
countries).

In the United States, more than 5 million Americans are living with Alzheimer’s 
dementia; 10% of people are older than 65 years of age and two-thirds of the patients 
are women. African-Americans are twice as likely as Caucasians to have Alzheimer’s 
disease. Hispanics are 1.5× as likely as Caucasians to develop Alzheimer’s. By 
2050, in people age 65 and older—13.8 million of Americans will be diagnosed 
with Alzheimer’s disease.

From 2000 to 2018 deaths from Alzheimer’s increased 146%, while deaths from 
cardiac disease decreased by 7.8%. Sixty-one percent of 70-year-olds with 
Alzheimer’s will die by age 80, while only 30% of 70-year-olds without Alzheimer’s 
will die by age 80.

Seventy percent of the cost of caring for a family member with Alzheimer’s is 
borne by families.

Twice as many Alzheimer’s caregivers (compared to non-Alzheimer caregivers) 
report emotional, financial, and physical difficulties.

2020 US cost 305 billion (206 billion paid by Medicare/Medicaid)
2050 projected cost 1.1 trillion (in 2020 dollars)

The NIH website, www.clinicaltrials.gov, lists 470,354 research studies in the 
United States and in 222 other countries.

Alzheimer’s disease— 2870 studies worldwide, 1503 US studies (accessed 7/14/22)
3243 studies worldwide, 1701 US studies (accessed 10/24/23)

Biomarkers play increasingly informative roles in Alzheimer’s disease trials.

1  Introduction

http://www.clinicaltrials.gov
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�Biomarkers/Clinical Endpoints

A biological marker, or biomarker, is an objective measurable indicator of a biologi-
cal state, including, normal and pathologic biologic conditions, and the response to 
therapeutic interventions. Biomarkers are biologic molecules found in tissue, blood, 
or other bodily fluids. A biomarker must have validity or evaluation, that is, its 
effectiveness as a relevant endpoint. The biomarker must also demonstrate clinical 
relevance, does it provide clinically relevant information? Biomarkers are objective 
and quantifiable, but unlike a clinical endpoint, may not reflect the patient’s well-
being from their standpoint. Examples include chemistry tests, blood pressure, and 
pulse measurements.

The WHO definition of biomarker includes “almost any measurement reflecting 
an interaction between a biological system and a potential hazard, which may be 
chemical, physical or biological. The measured response may be functional and 
physiological, biochemical at the cellular level, or a molecular interaction.”

Clinical Endpoints have traditionally been the endpoints of all medical research. 
They reflect the patient’s health from the patient’s standpoint. Patients care about 
how they are doing, and how they feel, not the results of an individual blood test. 
The old expression, “The patient died, but the lab looked good,” comes into mind. 
Patients want treatment for their diseases and conditions, not for an abnormal labo-
ratory result. However, the alleviation of pain or an improvement in patient symp-
toms may not correlate with an improvement in the clinical course.

Biomarkers may serve as interim indicators before a clinical endpoint. The 
appropriate biomarker should be indicative of the fundamental clinical pathway. A 
clinical endpoint, such as survival, may take many years to determine, whereas the 
biomarker may provide interim evidence about the safety and efficacy of the treat-
ment while the definitive data are being collected. The biomarker, as a surrogate 
endpoint, may identify dangerous or harmful treatments before the clinical endpoint 
is reached. They can result in more focused, and more efficient studies, at reduced 
expense. The most common biomarkers utilized in Alzheimer’s disease and other 
types of dementia are bodily fluids and neuroimaging scans. What is needed are 
earlier, noninvasive, and inexpensive biomarkers.

�Ocular Biomarkers

The optic nerve is considered the second cranial nerve of the peripheral nervous 
system but technically it is part of the central nervous system and not the peripheral 
nervous system. The myelin covering the nerves is produced by oligodendrocytes, 
not the Schwann cells of the peripheral nervous system. It is formed during the 
seventh week of embryonic development by the diencephalon. Peripheral nerves are 
sheathed by epineurium, perineurium, and endoneurium, and the optic nerve is cov-
ered by meningeal layers, dura, arachnoid, and pia mater.

Ocular Biomarkers
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For this reason, the eye may be an early biomarker for Alzheimer’s disease.
Retinal thinning and optic nerve atrophy have been reported in patients with 

Alzheimer’s disease. Aβ deposition has also been observed in the lens and retina. 
Amyloid plaques in the retina correlate with those found in the brain. Abnormalities 
in tear flow rate and function have also been reported. Thus, there are multiple 
avenues for research in the use of the eye as a biomarker for Alzheimer’s disease.

Further Reading
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