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Abstract
Cognitively intact elderly research volunteers at the University of Kentucky have been recruited,
followed longitudinally, and autopsied with extensive neuropathological evaluations since 1989.
To date, the cohort has recruited 1,030 individuals with 552 participants being actively followed,
363 deceased, and 273 autopsied. An extensive database has been constructed with continuous
updates that include textured clinical, neuropsychological, neuroimaging, and pathological
information. The history, demographics, clinical observations, and pathological features of this
research cohort are described. We also explain some of the evolving methodologies and the
academic contributions that have been made due to this motivated group of older Kentuckians.
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INTRODUCTION
This project highlights a unique group of older Kentuckians who are motivated by their
desire to contribute to our scientific understanding of brain aging and dementia [1].
Alzheimer’s disease (AD) is thought to involve mechanisms in the brain that evolve well
before clinical symptoms are observed [2, 3]. Recruitment of non-demented older adults
began in 1989 at the University of Kentucky Sanders-Brown Center on Aging as a core
component of a program project grant investigating pathogenetic mechanisms in AD. This
effort was led by Drs. William Markesbery and David Wekstein who recognized the
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importance of longitudinal assessments of cognition and health with prearranged
postmortem brain examination to more thoroughly study normal and pathologic brain aging.

Recruitment efforts (beginning fall 1989) involved contacting potential volunteers from a
registry of over 4,500 community residents over 60 years of age, who had earlier indicated a
willingness to participate in research, following a mailing to all registered voters in Fayette
County, Kentucky. Potential participants received an introductory letter summarizing the
importance of autopsy, followed by a visit with a center staff member to provide information
about the project. Other volunteers came to the program following articles in the local press
and broadcast news media.

The first 42 participants were recruited during the last quarter of 1989. At this time, the
recruitment, evaluation, and follow-up activities for this project, based on National Institute
on Aging recommendations, were incorporated into the ongoing Alzheimer’s Disease
Research Center’s (ADC) Clinical Core with its renewal in 1990. Very few prospectively
studied normal elderly subjects with autopsy findings had been published up to this time [4–
6]. The efforts of the ADC and related program project began to focus on autopsy
comparisons between the ‘normal’ aging brain and brain diseases including AD. An
additional 117 participants were recruited during 1990. The initial success of this effort also
led to the transformation of the longitudinal study of the School Sisters of Notre Dame in
1991 from a focus on breast cancer to a study devoted to cognitive aging and dementia [7].

In 1992, study participants selected ‘Biologically Resilient Adults in Neurological Studies’
as their official acronym and the ‘BRAiNS’ cohort continued to grow to over 1,000
participants. With the addition of a memory clinic in the local African American
community, the cohort’s name was recently changed to ‘Sanders-Brown Healthy Brain
Aging Volunteers’. This presentation provides a summary of the cohort’s demographics,
procedures employed during the past two decades, a summary of findings and affiliated
research that has used clinical data, and biological samples provided

PARTICIPANTS
As of this writing, 1,030 individuals have joined this cohort and volunteered to be followed
to autopsy; these individuals were recruited in ‘waves’. The current goal is to maintain a
cohort of 500 active participants in annual followup to meet research needs regarding
transitions from normal aging to conditions that result in impaired cognition. Forty-nine
(4.8%) volunteers from this project presented with memory concerns and were diagnosed
with mild cognitive impairment (MCI) and subsequently followed through the ADC clinical
core as part of a separate cohort. The cohort’s demographics at enrollment are shown in
(Table 1a) and ‘waves’ of recruitment are indicated in Fig. (1). Clearly, this sample does not
reflect a true epidemiological cohort given the nature of participant recruitment. These
volunteers are predominantly female (63.8%), generally well educated (15.9±2.6 years of
education), have a relatively high prevalence of at least one apolipoprotein E4 allele (30.8%
of those tested) and, on average, have had 7.6 (range: 1–21) annual visits. Since the
program’s inception, autopsies have been performed on 273 of 353 deceased individuals
with a 75% autopsy rate see (Table 1b). This autopsy rate reflects participants who initially
enrolled in the project but later moved from the area or withdrew consent (during the study
(N=115) or due to family decisions did not follow through with autopsy; N=90) contrasted
with active participants who came to autopsy (N=273). Since 2005, the autopsy rate for all
persons who had consented to join the program has been 85%.

Autopsy diagnoses are summarized in Fig. (2). Note that over half of these autopsies (52%)
had a neuropathological diagnosis consistent with some form of dementia with the following
two interesting subsets: 3% of autopsies had ‘pure’ Lewy Body disease (DLB) and 5% had
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sufficient pathology for a ‘pure’ AD diagnosis (ADP-NRM) despite having clinically normal
assessments prior to death. Approximately 40% of autopsies were consistent with normal
brain aging without signs of dementia or other neuropathologies (NRM), thus providing a
robust group of control brains for comparison. Although AD is present in fewer cases than
would be suggested by earlier reviews [8], these data compare well with more recent reports
from autopsy based cohorts [9, 10].

METHODS AND PROCEDURES
Procedures for this longitudinal project have evolved over time. For the first 15 years of
study, the inclusion criteria for this project (on enrollment) were: 1) age greater than 60
years; 2) absence of National Institute for Neurological and Communicative Disorders and
Stroke–Alzheimer’s Disease and Related Disorders Association criteria for AD [11]; 3)
absence of medical, neurological, and psychiatric conditions that affect cognition; 4) initial
mental status examination scores above standard clinical cut points for dementia (e.g., Mini-
Mental State Examination [12] MMSE> 24); 5) willingness to complete annual mental
status examinations; and 6) brain donation at death (78% of donors also granted permission
to remove other tissues). At enrollment, cerebrovascular disease (e.g., documented stroke or
TIA) was exclusionary and even though treated hypertension was not exclusionary, overall
vascular risks were low as reflected in their average (SD) modified Hachinski [13] score of
0.96 (±1.33; median=1.0). With the renewal of the ADC grant in 2000, annual neurological
and medical examinations were initiated and the enrollment age was increased to age 70.
Current participant enrollment inclusion and exclusion criteria are shown in (Table 2) and
reflect the primary change in minimum age at enrollment.

CLINICAL PROCEDURES
Participants consented to annual mental status testing, telephone health and medication
interviews every 6 months, biennial physical and neurological examination, ApoE testing
(starting in 1996), and donation of their brain at death. Cognitive assessments were
completed at the participant’s residence and included the Iowa Dementia Screening Battery
(Temporal Orientation, Benton Visual Retention Test, and Verbal Fluency [14]), the
Washington University Battery [15] (Wechsler Memory, Logical Memory and Mental
Control, Verbal Fluency, Trailmaking; MMSE, Memory Information Test, Boston Naming
Test (15-item version), Alzheimer Disease Assessment Scale (word list learning), delayed
recall, and recognition [16]), and copying of geometric figures [17]. A baseline level of
mental ability was estimated with the Vocabulary subtest of the Wechsler Adult Intelligence
Scale-Revised (WAIS-R) and Wide Range Achievement Test reading subtest while speed of
mental processing was assessed with the Digit Symbol Substitution task from the WAIS-R
(cf., [18] for descriptions of many of these procedures).

It was later recognized (in 1999 [19]) that moderate neuropathological changes along the
AD spectrum may be seen in some individuals who evidenced little change on standard
clinical assessments [19]. Therefore, new cognitive and clinical measures were piloted in a
subgroup of 135 participants. These included the Clinical Dementia Rating [20] scale,
structural magnetic resonance imaging [21], and the list memory task whose sensitivity was
increased with the Rey Auditory Verbal Learning Test. Additional cognitive measures (cf.
[18] for descriptions of these procedures) were explored such as the Stroop Test as a marker
of executive functions, and more detailed activities of daily living were documented. As
another estimate of intellectual function, irregular word reading was used with the addition
of the National Adult Reading Test-Revised [22] at baseline.

Given the current focus on early AD detection, the transition from normal to MCI was seen
as an important factor in determining the size of this cohort. Our biostatistics group modeled
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the transition from normal cognition to MCI in our participants and analyzed historical data
as well as mortality [23]. Analyses of 15 years of data from the project’s inception supported
a target cohort size of 500 active participants given a 2.6% annual conversion rate from
normal aging to MCI. This rate would result in 13±3 transition events from normal
cognition to MCI per year and a total of between 50–80 transitions over 5 years. Increasing
the enrollment age to 70 years was deemed necessary based on mortality estimates within
this cohort (Table 2) and the desire to study preclinical dementia [24] as well as ‘successful
cerebral aging’.

More recently, as this normal aging cohort was incorporated into the ADC, in 2005 a major
change in clinical procedures was initiated with the adoption of the National Alzheimer
Coordinating Center Uniform Data Set (UDS) [25] procedures. Existing cognitive and
clinical procedures were changed to match those required in the UDS and have been used
for the past half-decade. However, with the initiation of these new standards we retained
measures such as the MMSE, Trailmaking, verbal fluency, and paragraph memory as tests
that have been part of annual procedures since the project’s inception [1, 19, 24]. The annual
follow-up rate has remained high at 80% with only 115 volunteers withdrawing from the
cohort (primarily due to relocation) and 90 deaths without autopsy (primarily due to late-life
relocation or family members withdrawing consent for autopsy).

NEUROPATHOLOGICAL PROCEDURES
These procedures have two major goals. The first is to provide a thorough evaluation of the
brain incorporating National Institute on Aging-Reagan Institute criteria [26] yielding an
accurate and detailed postmortem diagnosis. The second is to provide a tissue bank
consisting of valuable brain specimens, cerebrospinal fluid (CSF), and synaptosome
preparations from longitudinally evaluated patients in the ADC. Given the emphasis on
gaining a better understanding of the neuropathology of persons with preclinical AD, MCI,
early AD, mixed dementia syndromes, and normal brain aging, every effort is made to
obtain quality data and specimens for investigators at our institution and to provide these
biospecimens to other research centers that study AD and other dementing disorders. Special
emphasis is placed on clinical-pathological correlation in advanced age (> 85 years old) and
those persons with “successful cerebral aging”.

A diagram of the rapid autopsy program is provided in Fig. (3). Rapid autopsies are
performed on ‘normal’ control participants. On average, the postmortem interval for these
cases is 2.8 hours (SD=1.2). In the event that the clinical status reflects MCI, early dementia,
or a unique dementing condition, rapid autopsies are also performed. However, if the
participant meets clinical criteria for an advanced dementia or certain other criteria such as
an extended agonal hypoxic episode, ‘routine’ autopsy replaces our more rapid approach but
brain specimens are derived and stored in a similar fashion as shown in Fig. (3).

The methodology used for the assessment of neuropathology on this cohort has remained
relatively stable over time with a strong emphasis on quantitative (as opposed to only
semiquantitative or ordinal) metrics of pathology, which offers excellent opportunities for
clinical-pathological correlations because all pathological data are managed in the
centralized database. The neuropathological methodologies applied to all cohorts at the UK
ADC were previously described [27–29]. Briefly, at least 24 samples are taken from each
brain, including middle frontal gyrus (Brodmann Area 9), superior and middle temporal gyri
(Brodmann Areas 21 and 22), inferior parietal lobule (Brodmann Areas 39 and 40), and
occipital lobe including primary visual area (Brodmann Areas 17 and 18). Amyloid plaques
were counted separately as diffuse plaques (plaques without neurites) and neuritic plaques in
each region, as previously described with the criteria based on assessment of Bielschowsky-
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stained sections. An arithmetic mean was calculated from counts of diffuse plaques
(number/2.35 mm2), neuritic plaques (number/2.35 mm2), and neurofibrillary tangles
(number/0.586 mm2) for each region in the 5 fields that were subjectively determined to
have the greatest involvement. As previously described [28, 29] (alpha-synuclein, PHF-1,
and TDP-43 immunolabeling are now routinely performed and more specific antibodies (e.g.
Anti-FUS) are used as necessary.

RESULTS AND FINDINGS
With the maturation of this cohort, statistical models of transitions from normal cognitive
aging became possible. In an investigation of risk factors using a novel Markov statistical
model, we showed that transitions to MCI and early dementia (both AD and mixed cases of
MCI [amnestic plus a decline in another cognitive domain]) could be predicted by age,
ApoE genotype, and educational attainment [23]. This research (beginning in 1999) also
stimulated several conferences on statistical issues associated with longitudinal aging [30],
and a smaller series of conferences focusing on longitudinal findings that were held at the
University of Kentucky.

In addition, rigorous clinical-pathological correlation studies from these longitudinally
followed nondemented participants, who have been assessed for more than two decades with
continuously gathered clinical and pathological data, have focused on still-controversial but
fundamental issues such as the impact of diabetes on AD pathology [31], and cases with
AD-related pathologies that fall outside of current NIA-RI recommendations [32, 33]. Also
reported has been the impact of neuropathological subtypes in “pure” AD cases [27] as well
as the earliest pathological changes that are seen in MCI or in individuals who were
cognitively intact before death [34–37]. In a different experimental model, the statistical
power of the University of Kentucky-ADC was harnessed to evaluate the associations
between cerebral amyloid angiopathy, hippocampal sclerosis, and dozens of other
pathological indices in multivariable statistical models [38].

When combined with other databases, clinical-pathological correlation studies in dementia
with Lewy bodies (DLB) show that “pure” neocortical Lewy body pathology is far more
frequently seen in males than females [39], and even extensive neocortical Lewy body
pathology is not generally a substrate for “end-stage” dementia as indexed by the MMSE
[40]. Neuropathological and clinical data from this and other cohorts have helped to define
the expectations of neocortical LB pathology in non-demented persons[41, 42],
demonstrated that DLB diagnostic sensitivity is imperfect [43], and compared the clinical
course of “pure” AD with AD+DLB with or without acetylcholinesterase inhibitor therapies
[44].

Clinical and pathological data from this cohort have also highlighted aspects of brain
pathology in preclinical AD. For example, participants with early AD neuropathology as
defined by National Institute on Aging-Reagan Institute criteria show reliable within subject
declines in memory over time [24]. Further, participants with clinical MCI or very early AD
symptoms at death show clear differences in neurofibrillary tangle loads when contrasted
with clinically intact individuals in those brain regions affected by AD [34]; Fig. (4). Data
from the BRAiNS cohort have been cross-correlated with other neuropathology data
gathered at the University of Kentucky, such as the Nun Study, and combining the database
has strengthened research projects on topics including AD-type pathology, hippocampal
sclerosis, and other brain diseases [29, 33, 45].

A third area of investigation traces back to the original program project grant that
established this cohort, namely the role of oxidative stress and neuroinflammation in AD.
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Tissue from the normal aging cohort and ADC participants has been supplied for research
on oxidative stress to University of Kentucky researchers including Drs. Allan Butterfield,
Stephen Scheff, Rodney Guttmann, Mark Lovell, and outside researchers such as Jeffrey
Keller, Anna Bruce-Keller (Louisiana State University), Dr. Mark Mattson (National
Institute on Aging), and the late Dr. Mark A. Smith (Case Western University). More than
100 papers have been published on oxidative stress in neurodegenerative diseases based on
studies using UK-ADC tissues during the past 5 years.

Multiple studies of postmortem tissue specimens from normal control subjects who
converted to MCI during follow up showed significantly increased lipid peroxidation [46],
oxidative modification of multiple proteins (reviewed [47] and oxidative modification of
DNA [48] and RNA [49] compared to control subjects who remained cognitively normal at
death. In more recent studies analysis of brain specimens from subjects with preclinical AD
showed significantly increased levels of aldehydic markers of lipid peroxidation but not
protein oxidation in vulnerable brain regions compared to cognitively normal control
subjects [50] suggesting lipid peroxidation occurs early in the progression of AD.

This program project grant also spawned multiple animal and cell studies on the use of
antioxidants to prevent the disease, which in turn provided the scientific rationale for the
ongoing prevention trial on the use of the anti-oxidants selenium and vitamin E used alone
or in combination to prevent AD (Prevention of AD with Vitamin E and Selenium,
PREADVISE). The translational project PREADViSE, centered at UK, enrolled 7,500 men
aged 62 or older and has recently evolved into an exposure study [51].

A fourth area of study harnesses the resources of this longitudinal cohort in conjunction with
the Religious Orders Study (see manuscript in this issue) to investigate synaptic changes in
normal aging and synaptic pathology in MCI and AD. Under the leadership of Dr. Stephen
Scheff, these studies probe the early stages of the disease process and use state-of-the-art
stereology to quantify earliest disease-related changes in synapse numbers and morphology
[52–54].

The fifth primary use of biological samples from the control cohort focuses on advancing
neurodegenerative disease genomics research. Several examples follow. The control cohort
reflects over 400 brain specimens supplied to the Alzheimer’s Disease Genetic Consortium
led by Dr. Gerard Schellenberg. Dr. Steven Estus at the University of Kentucky works on
AD genomics using tissue samples from this group [55, 56] while Drs. Eric Blalock and
Philip Landfield have provided key insights into AD transcriptomics using this tissue [57,
58]. Further, Dr. Peter Nelson performs research on microRNAs in aging and AD using
brain specimens from these cohorts [59–67]. Finally, this cohort supports National Institute
on Aging initiatives (Table 4) and research by a number of investigators throughout the
nation. Altogether, over the last five years, more than 14,000 specimens have been provided
to investigators to support research projects.

Additional efforts have led to volunteers from this cohort enrolling in the Alzheimer’s
Disease Neuroimaging Initiative (ADNI) and they reflected 18% of the 32 local ADNI
recruits. Further work in statistical models of dementia risk harnessed the longitudinal
clinical data from this cohort as reflected in our group’s work on Markov models of
transitions from normal aging see (Table 5). In turn, we have applied these approaches to
data from the Nun study cohort and showed that age, education, and apolipoprotein E
genotype are risk factors for transitions to MCI with progression to dementia being
dependent on advancing age and the competing risk of mortality [68]. Additional efforts to
define brain changes associated with aging and dementia incorporated the work of our team
under the leadership of our neuropathologists, Drs. Markesbery, Davis, Nelson, and Wilson
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and linked data from the Nun, Religious Orders, and our longitudinal cohort studies are
highlighted in (Table 5).

CONCLUSIONS
We conclude that the study of healthy aging and preclinical disease states has only become
more topical over the past several decades. The study of diseases of aging require well-
characterized control subjects, stable populations that can be followed over time, and an
insightful approach to understanding the sometimes blurry lines between “normal” and
disease states. These requirements span the research fields of genetics, imaging,
neuropsychology, neuropathology, biostatistics, biochemistry, and other areas. We have
been humbled by the passion and commitment of our research volunteers who have made
scientific progress possible and embody our hope for future progress.
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Fig. (1).
Cumulative enrollment of normal volunteers and number of active participants in the cohort
by year.
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Fig. (2).
Neuropathological diagnoses from 273 autopsied control volunteers shown as percent of
total sample.

Schmitt et al. Page 13

Curr Alzheimer Res. Author manuscript; available in PMC 2012 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. (3).
Flow diagram of autopsy procedures.
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Fig. (4).
Average (SEM) neurofibrillary (NFT) counts in five brain regions by last clinical diagnosis
in 30 initially normal volunteers (N=10 per group).
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Table 1a

Participant Baseline Demographics (n = 1030)

Baseline age, years (mean±SD) 72.8±7.9

Years of education (mean±SD) 15.9±2.6

Sex (M:F) 371:659

Family history of dementia 352 (34.2%)

APOE E4 (positive/negative/not done) 276/626/128

Normal dx at baseline 985 (95.6%)

Deceased 363 (35.3%)

Currently active 552 (53.6%)
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Table 1b

Demographic and Clinical Characteristics of Autopsied Participants.* (n = 273)

Age at death, years (mean±SD) 86.3±7.6

Years of education (mean±SD) 16.0±2.5

Sex (M:F) 114:159

Family history of dementia (N) 77 (28.2%)

APOE E4 (positive/negative/not done) 74/190/9

Post mortem interval, hours (median; mean±SD) 2.9; 4.8±7.2

Time since last visit before autopsy, years (median; mean±SD) 0.7; 0.9±0.9

Normal diagnosis at baseline 273 (100%)

*
Note: See Figure 2 for autopsy diagnoses of these initially normal older adults.
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Table 2

Current Enrollment Criteria for Normal Control Volunteers

INCLUSION CRITERIA EXCLUSION CRITERIA

Minimum age 70 (or 65 for African Americans) History of substance abuse (including alcohol)

Cognitively and neurologically normal Major head injury

Family history of AD or dementia is preferred Major psychiatric or neurological illness

Agree to brain donation at death Medical illnesses that are non-stable, impairing, and/or have an
effect on the CNS

Live within a 2 hour drive of Lexington, KY Chronic infectious disease (e.g., HIV)

Must have a designated informant for structured interviews (e.g., CDR) Strokes

Willing to undergo annual cognitive testing, physical and neurological exam History of encephalitis, meningitis or epilepsy
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Table 4

Interaction of UK-ADC Control Cohort with National Institute on Aging Initiatives

Entity Category N Source

GWAS/ADGC Phase 1 (autopsy) Cognitively intact cases 78 1

GWAS/ADGC Phase 2 (UDS) Cognitively intact cases 247 2

ADNI Phase 1 Overall (Cases with MRIs) 32 3

ADNI Phase 1 Cases with CSF 22 4

NACC/UDS Return visits 1,665 5

NACC/UDS Total Packets 2,596 5

LOAD Cognitively intact cases 325 6

NCRAD Immortalized cell lines from the normal cohort 597 7

Sources:

1
Genome-wide association studies (GWAS) Phase I Summary Report - Samples Received by 07SEP10

2
GWAS Phase II Summary Report - Samples Received by 07SEP10

3
Clinical data download from the Alzheimer’s Disease Neuroimaging Initiative (ADNI), September 14, 2010

4
Clinical data download from ADNI, September 14, 2010

5
National Alzheimer’s Coordinating Center (NACC)-custom report generated by request September 17, 2010

6
Genetics of Late Onset Alzheimer’s Disease study (LOAD)-via September 15, 2010 email from Kelley Faber, Clinical Research Manager,

NCRAD

7
The National Cell Repository for Alzheimer’s Disease (NCRAD)-via September 20, 2010 email from Kelley Faber, Clinical Research Manager,

NCRAD
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Table 5

Selected Findings from the UK-ADC Aging Autopsy Cohort

Cognitive changes and AD pathology*

• Longitudinal rates of change in cognition identify participants with preclinical AD based on neuropathological criteria when
contrasted with neuropathological normal cases.[69, 70]

• Preclinical AD is seen in 43% of cognitively normal elderly with close to half (48%) of these cases showing early
neurodegeneration with accompanying amyloid pathology at autopsy.[71]

• The precuneus (Brodman area 7) is not selectively impacted by AD pathologies across a broad spectrum of mental status
impairment.[36]

• Neurofibrillary tangles are elevated in persons with amnestic MCI within the amygdala, entorhinal cortex, subiculum, and
hippocampus when contrasted with cognitively normal autopsy cases. Early AD autopsies reveal significantly greater numbers of
tangles and neuritic plaques in the frontal and temporal lobes as well as amygdala and subiculum when compared to amnestic MCI
cases. Memory performances correlate with tangles in entorhinal cortex and hippocampal CA1 region and suggest that
ventromedial temporal lobe tangles are the substrate for amnestic MCI.[34]

• Global cognition proximal to death as examined relative to AD and other medical co-morbidities in autopsied control and clinical
cases (N=501). Neurofibrillary tangle pathology was consistently linked to severity of mental status decline. Neuritic plaques were
associated with cognitive aging in high functioning persons with the presence of Lewy body pathology increasing the severity of
cognitive decline. No additional impact of medical co-morbidities such as heart disease, diabetes, apolipoprotein E alleles, or other
neuropathological findings in the brain contributed to cognitive decline.[28]

Synaptic changes^

• There is a reduction of the total number of synapses in autopsied cases of MCI and early AD within the outer molecular layer of the
dentate gyrus that is also associated with reductions in mental status and delayed memory recall. These findings suggest that loss of
afferent connections from entorhinal cortex occurs early in the disease process and underlies synaptic loss. [48, 53, 54, 72]

• Mild AD brains reflect synaptic losses (55%) with an 18% loss in MCI cases in the stratum radiatum of the hippocampus when
compared to cognitively intact brains. [49]

• Persons with amnestic MCI have 36% fewer synapses in inferior temporal gyrus (lamina 3) based on total synapse numbers. This
brain region is likely affected during the prodromal phases of AD. [66]

Oxidative stress

• There is elevated oxidative damage in the superior and middle temporal gyri of persons with MCI and early AD suggesting that
oxidative stress is pre- sent (at similar levels) in both clinical conditions and appears to be linked to numbers of neuritic plaques.
Further, delayed memory performance is correlated with protein carbonyls in these brain regions. [73]

• Loss of antioxidants and increased oxidative stress in mitochondrial and synaptosomal fractions of the superior frontal cortex in
MCI and mild AD.

• Oxidative stress in the synaptosomal fraction significantly correlates with the MMSE.[74]

• Increased levels of NADPH-oxidase activity in both the frontal and temporal cortex in MCI and early AD significantly correlates
with the individual’s MMSE. There are also significant increases in the cytosolic subunits of NADPH-oxidase that is observed in
early AD and significantly correlates with cognition. [75]

• Levels of aldehydic markers of lipid peroxidation are significantly increased in vulnerable brain regions in preclinical AD and are
comparable to levels observed in the late stage AD brain. [50]

• Vulnerable brain regions in MCI show significantly increased levels of lipid peroxidation, protein oxidation and DNA and RNA
oxidation. [46–49]

Biostatistics, Imaging, and Genetics
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• Community-dwelling older adults are willing to agree to brain donation if they have family or friends with AD, as the result of a
personal referral by another study participant, and the nature of their funeral arrangements and their perception that the brain
donation would not interfere with these directives. Other motivations include their perceived relationship with the university and
health care communities. A small minority enroll for longitudinal studies on brain aging with eventual autopsy given a concern
about their own memory functioning. [1]

• Based on a ‘novel’ (Markov) statistical approach to identify risk factors for the transition to MCI as well as dementia and later
mortality, participant age is a major risk factor for the emergence of MCI and dementia over time. Apolipoprotein E4 alleles impact
risk for both MCI and dementia while educational level is associated with conversion from cognitively intact into MCI with
impairments in multiple cognitive domains. [23]

• Structural MRI shows cortical (whole brain) volume losses and volume loss within the hippocampus, entorhinal cortex and
amygdala in persons who go on to develop MCI and early AD when contrasted with persons who remain cognitively intact (over an
average interval of 5.4 years). [35, 74]

• MiR-15/107 genes are a group of paralogous microRNAs, which are dysregulated early in AD pathogenesis, and are important to
assess as a group due to proven overlapping activities. These genes are transcribed in response to metabolic pathways and target
specific neurodegenerative disease pathways. [76–80]

Note:

*
includes datasets that incorporate National Alzheimer’s Coordinating Center and Nun Study with UK-ADC longitudinal participants.

^
incorporates data from the Religious Orders Study.

Curr Alzheimer Res. Author manuscript; available in PMC 2012 August 01.


