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I am excited to introduce the Fall edition of the 2014 NAN Bulletin which concentrates 
on mild cognitive impairment (MCI) and dementia.  There is little debate that life 
expectancy has increased and “The graying of America” has resulted in a growing 
number of individuals with MCI and dementia.  As experts in brain-behavior relationships, 
neuropsychologists can significantly contribute to the diagnosis and treatment of these 
individuals as well as research in this area.  In this edition, an attempt was made to address 
a variety of issues which can impact our clinical decision-making and provide thought for 
future research.  

In addition, our student section focuses on NAN’s Women in Leadership (WIL) Committee, 
which I encourage our readership to support and promote.   

Eric Rinehardt, Ph.D., ABPP/CN
NAN Bulletin Associate Editor

Editor’s Corner

Eric	Rinehardt,	Ph.D.,	ABPP/CN
NAN	Bulletin	Associate	Editor
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Patient Corner
Dementia and Helping Families Overcome Uncertainty 
When Caring for a Loved One with Dementia

and the accompanying changes, patients and families need 
ongoing help and support to cope successfully and to maintain a 
high quality of life.

Dementia Care
The rate that the disease advances and the types of symptoms 
experienced vary depending on factors including the age of the 
individual, personal health factors and the type of dementia.  Thus, 
if you’re caring for someone with dementia, there isn’t a one-size-
fits-all guidebook; the type and timing of care differs from

Carol Manning, Ph.D.
UVA Memory and Aging Care Clinic, University of Virginia, Charlottesville, VA

What is Normal and What is Dementia?
Mild memory decline is a normal part of aging. Memory changes 
can be expected and frequently become noticeable by midlife.  
Decreased memory for names and problems with word finding 
are normal even in healthy older people.  Normal age-related 
memory decline does not indicate a disease process.  However, 
when memory decline is greater than expected and significantly 
affects daily life, this may indicate a dementia such as Alzheimer’s 
disease.  Dementia is a general term that describes changes 
in mental abilities including memory, attention, concentration, 
language and organizational abilities.  Dementia is an umbrella 
term that does not identify a particular disease process or cause.  
Diagnostic assessment is required to determine the specific cause 
of dementia.

Alzheimer’s disease is the most common cause of dementia and 
significant memory decline is the hallmark of the disease.   The 
risk of Alzheimer’s disease increases with age, is more common in 
women than men and the average duration of disease is around 
eight years from diagnosis.  The decline in Alzheimer’s disease 
is typically gradual and progressive.  Although minimal at first, 
the decline eventually can impact the ability to recognize familiar 
people and affect activities of daily living including dressing and 
bathing. 

Although Alzheimer’s disease is the most common cause of 
dementia,  a few other causes of dementia include: Fronto-
Temporal dementia, Vascular dementia and Dementia with 
Lewy Bodies.  These diseases have different brain changes 
and associated profiles of cognitive loss.  They also have 
different patterns of progression and treatment. Diagnosis of 
these disorders typically involves a neurological examination, 
neuropsychological testing and imaging of the brain through MRI 
and/or PET Scan.  

Diagnosing the type of dementia is particularly important because 
some dementias are reversible and some have treatments that 
may minimize or slow the rate of decline.  Do not assume that 
the dementia is Alzheimer’s disease just because of memory loss.  
Correct diagnosis is important to provide the best treatment and 
accurate planning for patients and family members.  In addition to 
appropriate diagnosis, ongoing treatment is essential to maximize 
good health, and minimize decline.

Although the initial focus is often on memory, people with 
dementia can experience a range of symptoms, in addition to 
cognitive difficulties including personality changes, depression, 
irritability and anxiety.  All of these symptoms can be difficult for 
patients and caregivers. Due to the progressive nature of dementia

problems, difficulty completing daily tasks), a visit to his or 
her primary care physician should be the first step, but not 
the last. Ask for a referral to a memory care clinic, which offers 
multidisciplinary services including neuropsychological testing, 
blood tests and advanced imaging of the brain to pinpoint a 
diagnosis of Alzheimer’s or another type of dementia. These 
tests also rule out other common disorders that may appear very 
similar to dementia. For example, depression in older adults can 
be misdiagnosed as dementia. 

A memory care specialty clinic has the expertise to evaluate each 
patient individually, provide an accurate diagnosis and establish a 
baseline that is critical for monitoring disease progression. Getting 
an accurate diagnosis and establishing the current stage of decline 
will increase understanding of the person with dementia’s current 
strengths and weaknesses, and plan care accordingly. 

Collaborate on a Care Plan
Occasionally families decide not to tell a loved one about his or 
her dementia diagnosis. However, patients are typically aware 
that something isn’t normal; educating them on the cause of their 
symptoms can alleviate their worry and help make them a partner 
in their care. It also allows the patient to have a voice in their care 
preferences and indicate how they would prefer their family to 
handle financial and personal affairs should they be unable to 
make these types of decisions at a later time.

one person to the next. To 
help patients and families 
navigate the phases of 
dementia and provide the 
best care possible along 
the way, here are some 
general recommendations. 

Seek Out a Specialist
If a loved one is showing 
signs of dementia (e.g., 
disorientation, memory
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Treatments
Although presently there is no cure for most forms of dementia, 
there are treatments that can help slow the progression of the 
disease. Behavioral changes, including exercise, improved diet 
and mental stimulation, have been shown to benefit patients with 
dementia. Medications are available to slow a patient’s decline and 
help alleviate symptoms such as depression and anxiety.   Clinical 
trials provide access to medications that can potentially slow the 
rate of decline.  Eventually we hope that eventually we will have 
medications that can stop or even prevent the disease.

Maintain Independence, Ensure Safety
The goal of dementia care over the long term is to provide the 
patient as much independence as possible, while maintaining their 
safety. When symptoms inhibit their ability to do everyday tasks 
without harming themselves, the parameters of care must change. 
Regular appointments in a memory care clinic help ensure that 
patients and their caregivers get appropriate care, receive support 
and recognize when it’s necessary to move to make changes to 
ensure safety.  For example, if the person with dementia is no 
longer able to drive, prepare meals or manage personal hygiene, 
living alone may not be an option. At this point, families can 
opt for in-home care or an adult day care facility depending 
on their preferences and resources. When the disease becomes 
debilitating, a memory care unit may be the best option.   These 
can be difficult decisions and trained professionals can provide 
guidance and support.

Care for the Caregiver
Dementia is a disease that impacts families, not just the patient. 
The stress of seeing a loved one’s mental and physical decline, and 
meeting their changing needs over time, takes a significant toll 
on caregivers including overall health.  A comprehensive memory 
care program provides resources necessary to help all family 
members, not just the person with dementia, cope with the impact 
of this disease. 

What to Look for in a Memory Care Clinic?
A comprehensive memory care clinic should have a team of highly 
specialized providers offering individualized care for people with 
dementia and other cognitive disorders.  Patients should have 
access to: advanced diagnostic tools and assessments, clinical 
trials for novel drug therapies and comprehensive behavioral 
and pharmacological management strategies to help patients 
and families over the long term.    An ideal clinic provides 
individualized, multi-disciplinary care for people with dementia 
and other memory or cognitive disorders.  The team approach 
utilized should provide expert diagnosis and treatment for 
patients and their families.  A treatment team might include 
a neurologist, a  neuropsychologist, a psychiatrist, a clinical 
psychologist, a social worker and a nurse coordinator.   Dementia 
is not static and therefore an ongoing goal should be to attend to 
the changing needs of patients and families.

Carol Manning, Ph.D., is a board certified 
clinical neuropsychologist and is Director of 
the UVA Memory and Aging Care Clinic at 
the University of Virginia.  She specializes 
in neurodegenerative diseases including 
Alzheimer’s disease, Parkinson’s Disease, 
Huntington’s Disease and other dementias.   
Dr. Manning is the Chairperson of the Central 
and Western Virginia Alzheimer’s Association 
and is a board member of Commonwealth 
of  Virginia Alzheimer’s Disease and Related 
Disorders Commission.

Additional Resources
The Alzheimer’s Association has chapters across the country.  They provide resources 
including support groups for patients and caregivers, educational programs, updates on 
research, a telephone hotline and an informative website.  They also have a “Safe Return” 
program that helps locate individuals with Alzheimer’s who have wandered or become 
lost.  Making the initial contact can be difficult but the Alzheimer’s Association can provide 
important support to patients and caregivers.

Primary care physicians, the internet and the local Alzheimer’s Association can help find 
regional memory disorders clinics.  Accurate diagnosis, treatment and ongoing support 
are critical to help make the journey through dementia as easy as possible.  Caring for 
someone with dementia is more than a full-time job that nobody should have to do alone. 

For more information:
• www.alz.org
• http://alzpossible.org/
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Student Corner
Know Your Committees: 
What is WIL and What Does it Do?

Cheryl Silver, Ph.D.
UT Southwestern Medical Center, Dallas, TX

The Women in Leadership (WIL) Committee of NAN began in 2006 
as a task force with the objective of determining the need for a 
women’s interest group to encourage participation in NAN as 
well as support networking and mentoring.  And -- what do you 
suppose -- a need was indeed discovered!  The WIL Committee 
was formed, composed of nine professional members of NAN 
(men and women) and one trainee who joins the committee for 
one year.  The NAN Board of Directors agreed that the mission 
of WIL should be to develop a plan to increase representation of 
women in NAN and to promote women in leadership (i.e., increase 
the number of women on committees, as chairs of committees, 
in Board positions, and as members with Fellow status).  The 
mandate of WIL also is to educate and inform the NAN 
membership about leadership opportunities and to encourage 
networking relationships within NAN. 

trainees and to introduce them to other leaders in NAN.  WIL 
hopes to expand the Sponsorship program in the future. 

WIL hopes to encourage women in NAN to “lean in” and become 
participants in leadership activities.  In NAN’s 38-year history, the 
number of women who have been president of the organization 
can be counted on one hand.  In 2012, the NAN president, 
treasurer, and secretary were all women.  This was a pinnacle, and 
WIL does not expect it to be sustained.  WIL does not intend to 
push women into all of the important roles either.  WIL simply 
wants to insure that qualified women are recognized and that 
they attain the positions that match their talents and benefit 
the organization.  WIL also pays attention to the annual call for 
nominations for Fellow status in NAN, and encourages eligible 
women to get their credentials submitted for consideration.  In the 
last two years, ten of the sixteen new Fellows were women!  Note 
that in 2013, the Fellows roster consisted of 78% men and 22% 
women.  

The nine professional members of the WIL Committee have 
3-year terms, and a new trainee is invited each year to join the 
committee for that year.   The professional members of WIL have 
the experience that comes from many years of involvement as 
neuropsychologists.  Some of the WIL Committee members 
have lived through a time when qualified women were hindered 
by lack of information about how to engage in successful 
career development.  Newer generations of women have more 
information and models to follow.  Opportunities and support, 
however, are not always available to them.  WIL hopes to provide 
resources, connections, and support to NAN members who are 
interested in moving upward in their career trajectory.   If you are 
interested in being a student member of WIL, please contact the 
Chair of the WIL Committee at NANWIL@nanonline.org .

The first networking 
event was held in 2008 
during the annual NAN 
conference in New York 
City.  This Event (with a 
capital E) has been held 
at the NAN conference 
every year since then, 
in the evening, after the 
close of the business

day.  In particular, women come to meet other women, visit with 
former supervisors, and get to know the NAN officers and leaders.  
Men attend this Event, too, and receive the same advice about 
how to develop their careers.  In 2012, WIL initiated a Sponsorship 
program, which matches trainees with NAN leaders and facilitates 
a direct connection between each trainee and sponsor.  The 
sponsors are asked to spend some time with their sponsored

Dr. Cheryl Silver is a professor in the Department 
of Rehabilitation Counseling at the University of Texas 
Southwestern Medical Center.  She has been a member of 
NAN for almost 30 years.  She began NAN committee work 
on the Membership Committee in 1989 and assisted on the 
Program Committee, beginning in 1991.   She served as 
Member-At-Large from 1995-97 and was a member of the 
Policy and Planning Committee until 2008.  At the end of this 
year, she will be rotating off as Chair of the WIL Committee.  
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Journal Section

Synopsis and Commentary on “Neuropsychological 
Criteria for MCI Improves Diagnostic Precision, 

Biomarker Associations, and Progression Rates” from 
the Journal of Alzheimer’s Disease

(Bondi et al., 2014)

Use of an Actuarial Neuropsychological Method for Mild Cognitive Impairment Diagnosis 
Improves upon Conventional Methods: Synopsis and Relevance to Clinical Neuropsychologists

Mark W. Bondi, Ph.D., ABPP/CN, Emily C. Edmonds, Ph.D., Amy J. Jak, Ph.D., and Lisa Delano-Wood, Ph.D.

Introduction 
An explosion of research on genetic, imaging, and biomarker 
correlates of Alzheimer’s disease (AD) has occurred in the three 
decades since McKhann et al.’s (1984) original publication on the 
criteria for its clinical diagnosis.  Over the years this research has 
gravitated towards characterizing the borderland between normal 
aging and dementia, termed mild cognitive impairment (MCI) 
(Petersen & Morris, 2005; Winblad et al., 2004).  The impact of 
this research is evident in recent revisions to the criteria for AD 
(McKhann et al., 2011), MCI (Albert et al., 2011), and “preclinical” 
AD (Sperling et al., 2011), all of which incorporate and rely 
upon biomarkers for improving disease detection, diagnosis, 
and predicting clinical outcomes.  Unfortunately, this increased 
sophistication in the application of genetics and biomarkers to 
the study of mild forms of cognitive impairment has not been met 
with concomitant sophistication in profiling cognition. 

Conventional Methods for MCI Diagnosis
MCI diagnosis largely relies on the use of self- or informant-related 
cognitive complaints, clinical judgment of essentially preserved 
general cognitive and functional abilities, and objective evidence 
of mild cognitive impairment.  This latter requirement is typically 
assessed via rating scales or brief cognitive screening measures 
and/or very limited use of neuropsychological assessment utilizing 
a ‘one test score equals one domain’ methodology (e.g., the sole 
assay of executive functions might be limited to one’s score on 
Trails B).  Petersen et al. (2014) has commented that, although 
the MCI concept has evolved over time, these “core criteria have 
remained unchanged.”  This diagnostic approach is epitomized 
in several clinical trials targeting MCI (e.g., Petersen et al., 2005) 
and in many large-scale longitudinal studies like the Alzheimer’s 
Disease Neuroimaging Initiative (ADNI; Weiner et al., 2013; www.
adni-info.org), which largely identify the amnestic form of MCI 
based on impaired performance on delayed recall of a single 
prose passage.  

This methodology leads to several problems.  First, shortening a 
test and detaching it from its standardized administration, scoring, 
and normative referencing likely makes it less stable or reliable.  
Second, story recall may be less sensitive to MCI or an evolving 
dementia than other memory tests such as verbal list learning 
and memory (Bondi et al., 1999; de Jager et al., 2003; Lange et al., 
2002; Rabin et al., 2009; Tierney et al., 2005).  Third, the use of

a single test score ignores base rates of obtaining an ‘impaired’ 
score in neurologically normal populations (Palmer et al., 1998; 
Brooks et al., 2007, 2008; Schretlen et al., 2008), and violates a 
psychometric maxim that multiple measures provide a more 
reliable estimate of a cognitive construct than any single measure 
(Anastasi & Urbina, 1997).  Fourth, the inclusion of self-reported 
subjective complaints in MCI diagnostic criteria may cloud rather 
than clarify diagnosis and result in high rates of misclassification 
(Edmonds, Delano-Wood, Galasko et al., 2014).  Finally, the paucity 
of tests adequately canvassing non-memory domains reduces the 
ability to detect cognitive profiles that might reflect distinct MCI 
subtypes that vary in their neurobiological underpinnings (see 
Ferman et al., 2013; Gomar et al., 2014; Jak, Urban et al., 2009; 
Loewenstein et al., 2009, 2012). 

Novel Actuarial Neuropsychological Method for MCI 
Diagnosis
The conventional diagnostic method has resulted in coarse 
characterization of the types and severity of MCI being 
studied.  Available evidence suggests that more comprehensive 
neuropsychological test approaches, and actuarial decision-
making, may improve diagnostic rigor for MCI.  Saxton et al. 
(2009) showed that a neuropsychological test-based algorithm 
for MCI diagnosis produced fewer false positive diagnostic errors 
and provided better prediction of progression than classification 
based on the Clinical Dementia Rating (CDR), a routinely used 
semi-structured clinical interview that stages cognitive decline.  
Jak, Bondi et al. (2009) found that the percentage of older 
adults classified as MCI ranged greatly (11%-74%) depending 
on the number of tests and cutoffs demarcating objective 
impairment (see also Ward et al., 2012).  We proposed novel 
neuropsychological criteria that sought to balance sensitivity 
(defined impairment below -1 SD as opposed to -1.5 or -2 SDs) 
and reliability (required two impaired scores within a cognitive 
domain versus a single impaired score), and incorporated 
instrumental activities of daily living scores.  Results showed 
more stable diagnoses over time and stronger neurobiological 
associations (Jak, Bondi et al., 2009; Jak, Urban et al., 2009). 

Another actuarial approach uses cluster analytic statistical 
techniques to determine how individuals group together based on 
their common patterns of cognitive performance (Delano-Wood 
et al., 2009; Libon et al., 2010; Clark et al., 2013), reflecting
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homogeneous subgroups with perhaps common etiologies.  
Delano-Wood et al. (2009) and Libon et al. (2010) separately 
applied these methods to independent samples of individuals with 
clinically diagnosed MCI, and each study identified three clusters 
that represented amnestic, dysexecutive, and mixed (i.e., memory 
and language deficits) MCI subtypes.  The distinct nature of these 
subtypes was evidenced by qualitative differences on cognitive 
operations not included in the cluster analyses (e.g., MCI subtypes 
differed in their temporal gradients of forgetting, susceptibility to 
interference, types of errors produced; Libon et al., 2011; Eppig 
et al., 2012) and unique brain-behavior associations between 
subtypes (e.g., only the dysexecutive MCI subtype was associated 
with deep white matter lesions; Delano-Wood et al., 2009). 

Clark et al. (2013) was the first to directly compare the efficacy 
of the Jak/Bondi actuarial neuropsychological method to the 
Petersen/Winblad conventional “one test” approach to diagnosing 
MCI by examining cluster analysis-derived subtypes identified 
with each method.  Both diagnostic methods were applied to 
the same set of nondemented participants in an extension of the 
study of normal aging described in Jak, Bondi et al. (2009).  In 
this sample, the conventional “one test” MCI criteria identified 
more participants as having MCI (n=134) than did the actuarial 
neuropsychological criteria (n=80).  Cluster analysis of the dozen 
neuropsychological measures identified amnestic, dysexecutive, 
and mixed MCI subtypes when MCI was determined using the 
actuarial neuropsychological method, consistent with the Delano-
Wood and Libon studies.  In contrast, when MCI was determined 
using the conventional “one test” method, Clark et al. (2013) 
observed amnestic and mixed MCI subtypes, and a third cluster-
derived normal subtype that performed within normal limits 
across all neuropsychological measures.  This Cluster-Derived 
Normal subtype included nearly half of the conventionally 
diagnosed MCI sample and did not differ from a normal control 
group in terms of cognition or neuroimaging measures of cortical 
thickness in areas usually affected in MCI or AD.  Results of this 
preliminary study confirmed that conventional methods routinely 
used to diagnosis MCI may be highly susceptible to false positive 
diagnostic errors (see also Edmonds, Delano-Wood, Clark et al., 
2014).

Methods and Results of Bondi et al. (2014)
For the highlighted study we again compared the conventional 
Petersen/Winblad MCI diagnostic method to our actuarial 
neuropsychological method (Jak, Bondi et al., 2009), this time in 
the much larger ADNI sample.  The same 1,150 ADNI participants 
were variously diagnosed at baseline as cognitively normal (CN) 
or MCI via ADNI criteria (MCI: n=846; CN: n=304) or by Jak/
Bondi criteria (MCI: n=401; CN: n=749).  The MCI samples were 
each submitted to cluster and discriminant function analyses, and 
the resulting cluster groups were compared.  Results revealed 
that both criteria produced a mildly impaired Amnestic subtype 
and a more severely impaired Dysexecutive/Mixed subtype.  The 
neuropsychological Jak/Bondi criteria uniquely yielded a third 
Impaired Language subtype, whereas conventional Petersen/
Winblad ADNI criteria produced a Cluster-Derived Normal subtype 
comprising about one-third of the sample.  These individuals 
performed within normal limits across all cognitive measures.  MCI 
participants diagnosed via actuarial neuropsychological methods 
yielded dissociable cognitive phenotypes, significant CSF AD 
biomarker associations, more stable diagnoses, and identified a

significantly greater percentage of participants who progressed to 
dementia than those MCI participants diagnosed via conventional 
ADNI criteria (49% vs. 30%, respectively).  Importantly, the 
actuarial neuropsychological method did not produce a subtype 
that performed within normal limits on cognitive testing.  Our 
findings support refinement of MCI diagnoses to incorporate 
more comprehensive neuropsychological methods. 

Significance of Results for Neuropsychologists
Our work has shown that the application of a neuropsychological 
method of actuarial diagnostic decision-making provides a more 
accurate and better characterization of MCI than widely used 
conventional criteria.  Additionally, our results demonstrate that 
the inclusion of “false positive” MCI subjects in existing studies 
may significantly dilute findings of important relationships among 
aging, brain reserve, comorbidity, genetics, biomarkers, cognition, 
pathology, and rates of progression.  This imprecision in diagnosis 
will assume even greater importance as studies begin to define 
and examine “preclinical” AD (Sperling et al., 2011) that requires 
evidence of subtle cognitive decline.  Without sophisticated 
neuropsychological tests at the forefront of operationalizing 
terms like subtle cognitive decline, diagnostic errors are likely to 
continue and may even be amplified when deciding upon such 
fine-grained distinctions between subtle cognitive declines vs. 
mild cognitive impairments.

Our study adds to an established literature on the need to balance 
the construction of a neuropsychological battery that provides 
both breadth and depth of coverage of cognitive domains as well 
as understanding of the base rates of impairment in the normal 
population for given tests (Palmer et al., 1998; Brooks et al., 2007, 
2008; Schretlen et al., 2008).  We predict continuing efforts to 
improve diagnostic rigor in preclinical AD and MCI will uncover 
stronger relationships between biomarkers, cognition, pathology, 
and progression rates than those seen to date.  In addition, 
stronger treatment effects in clinical trials will become evident.  
Our methods will also increase effect sizes that inform power 
analyses for clinical trials of treatments for prodromal AD, reducing 
the number of patients needed for such trials.  Importantly, such 
methods will also improve the operational definition of subtle 
cognitive decline in preclinical AD, and they will likely have an 
important impact on prospective design of future studies of 
genetics, biomarkers, treatments and ultimately prevention of AD. 
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Introduction   
Like other health care professions, clinical neuropsychology is 
confronting the U.S. demographic phenomenon sometimes 
called “the graying of America” and in particular the “silver 
tsunami” of cognitively impaired elderly—those older adults with 
either mild cognitive impairment (MCI) or dementias of aging 
such as Alzheimer’s disease (AD), Parkinson’s disease (PD), and 
frontotemporal dementia (FTLD).    In addition to clinical issues 
of cognitive and personality decline, older adults also present 
challenging issues of declining capacities in their everyday life.   
Issues of capacity permeate our aging society, and include medical 
decision making capacity (Kim, 2010; D. C. Marson, Ingram, Cody, 
& Harrell, 1995), financial management skills (D. Marson et al., 
2000), testamentary capacity (D. Marson, Huthwaite, J., Hebert, 
K., 2004), medication management abilities (Barberger-Gateau, 
Dartigues, & Letenneur, 1993), and driving ability (Wadley et 
al., 2009).   Thus in addition to assessments of cognition and 
personality, neuropsychologists are increasingly being asked 
to assess important medical-legal capacities in the geriatric 
population.    Fortunately, neuropsychologists are well suited 
to these assessments, as they: (1) possess extensive knowledge 
of cognitive and behavioral disorders and how cognition, 
personality and behavior all inform everyday functioning; (2) are 
skilled in conducting objective, standardized, norm referenced 
assessments that include performance testing, clinical interviews, 
and evaluation of motivation/credibility; (3) are comfortable 
integrating multiple data sources in order to answer capacity 
issues; and making complex clinical judgments and writing 
organized, written reports supporting opinions of capacity 
(Marson, Presidential Address, NAN annual conference, San Diego, 
October 2013).

Capacity is thus an issue integrally linked to aging and both 
prodromal and clinical dementia, and represents an important 
and increasingly common referral question of clinical importance 
for neuropsychologists.  In this brief article, we focus on 
two of the most important capacities in aging assessed by 
neuropsychologists:  medical decision-making capacity and 
financial capacity.  For each of these two capacities, we review 
clinical conceptual models, psychometric assessment approaches, 
and empirical studies in the area of MCI and dementia. 

Medical Decision Making Capacity  
Medical decision making capacity (MDC), also known as treatment 
consent capacity, is a capacity that has important ethical, legal, 
and functional implications (T. Grisso, 1986; Tepper & Elwork, 
1984).   MDC refers to a person’s cognitive and emotional ability

to accept or refuse a proposed treatment, or to select among 
treatment alternatives (T. Grisso, 1986; Tepper & Elwork, 1984). 
It is a fundamental aspect of personal autonomy and self-
determination. MDC forms the cornerstone of the medical-legal 
doctrine of informed consent, that requires that a valid consent to 
treatment not only be informed and voluntary, but also competent 
(Berg et al., 2001). 

Conceptual Model of Consent Capacity
A commonly used model of MDC proposed by Appelbaum and 
Grisso outlines four distinct consent abilities: (Standard 5)(S5) 
understanding the disease and treatment options, (S4) reasoning 
about choices, (S3) appreciating the risks/benefits of a choice and 
then applying the information to one’s own situation, and (S1) 
expressing	a	choice (T Grisso & Appelbaum, 1998). A fifth consent 
ability [S2], making a “reasonable” treatment choice (when the 
alternative choice is unreasonable) (Roth, Meisel, & Lidz, 1977) 
is generally not used clinically due to potential arbitrariness 
in determining what is “reasonable” (Tepper & Elwork, 1984). 
These consent abilities represent different clinical thresholds for 
evaluating MDC, and have served as the conceptual framework for 
instrument development and empirical studies. 

Clinician Assessments of MDC 
Physician judgment has traditionally represented the gold 
standard for determining MDC in clinical practice (Moye, Gurrera, 
Karel, Edelstein, & O’Connell, 2006). However, a prior study 
raised concerns that physician judgments of MDC in dementia 
(and arguably judgments of other clinicians as well) may be 
both subjective and unreliable (D. C. Marson, McInturff, Hawkins, 
Bartolucci, & Harrell, 1997), perhaps reflecting gaps in clinical 
training, differing conceptual approaches, and the conflation 
of mental status results with capacity status in older adults.   A 
subsequent study that provided physicians at the outset 
with a systematic method of MDC decision-making achieved 
substantially higher levels of physician capacity judgment 
reliability in dementia (D. C. Marson, Earnst, Jamil, Bartolucci, & 
Harrell, 2000). 

Psychometric Assessment of MDC 
Standardized, norm-referenced assessment instruments have 
been developed to improve clinical accuracy and consistency of 
capacity judgments (Dunn, Nowrangi, Palmer, Jeste, & Saks, 2006). 
These instruments are based on the conceptual framework of 
MDC described above.  These instruments include the MacArthur 
Competency Assessment Tool for Treatment Decisions (MacCat-T) 
(T Grisso, Appelbaum, & Hill-Fotouhi, 1997), the Hopemont
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Clinical Conceptual Model of FC
FC has been conceptualized clinically in a three tier model 
encompassing (1) specific financial abilities or tasks, (2) higher 
level domains of financial activity critical to independent 
functioning, and (3) overall or global FC (D. Marson et al., 
2000).  Representative FC domains include basic monetary 
skills, financial conceptual knowledge, cash transactions, 
checkbook management, bank statement management, financial 
judgment, bill payment, knowledge of personal assets and estate 
arrangements, and investment decision making.  Assessment of 
global FC requires an integration of information about task and 
domain level performance, judgment skills, and informant report.

Psychometric Assessment of FC
Despite the importance of financial skills for older adults, direct 
assessment of financial ability has not been a common part 
of a neuropsychological evaluation.  In part, this is due to the 
absence of well-established performance-based instruments.   At 
present, financial skills are more commonly evaluated by interview 
questioning of an older adult patient and/or a knowledgeable 
informant. However, performance-based measures have been 
found to be superior to informant- and self-report (Goldberg et al., 
2010). The Financial Capacity Instrument (FCI) (Griffith et al., 2003; 
D. C. Marson, S. M. Sawrie, et al., 2000) is a performance-based 
measure that directly assesses financial skills across nine domains, 
20 tasks, and three different global scores. The FCI domains 
and tasks vary in complexity and are based on the conceptual 
model of financial capacity presented above. At present, the FCI 
is a research tool that takes approximately 60-90 minutes to 
administer depending on the cognitive ability of the patient. A 
short form of the FCI has recently been developed in order to 
expand its clinical utility.

Studies of FC in MCI and Dementia 
In empirical research, financial skills have been shown to decline 
early on in brain-based disorders associated with aging.   First, 
impairments in financial skills and judgment have been found 
to be possibly the first functional change in MCI (Willis, 1996b), 
and significant declines in financial skills represent important 
markers of MCI progression (K. Triebel et al., 2009).  Specific 
financial deficits found in patients with MCI include the abilities 
to manage a bank statement, carry out cash transactions, and 
pay bills (Griffith et al., 2003).   As might be expected, much more 
substantial changes in FC have been identified in persons with 
mild and moderate AD.   Individuals with mild AD have a wide 
range of financial deficits, including  applying financial concepts 
(e.g., choosing the best interest rate), obtaining exact change for a 
vending machine, understanding and using a bank statement, and 
making an investment decision (D. C. Marson, S. M. Sawrie, et al., 
2000). Some people with mild AD have residual abilities to count 
coins and currency, understand parts of a checkbook, and detect 
the risk of mail fraud similar to demographically-matched controls 
(D. C. Marson, S. M. Sawrie, et al., 2000). In contrast, older adults 
with moderate AD demonstrate global financial incapacity with 
significant impairment in every financial skill evaluated in relation 
to both normal controls and mild AD patients (D. C. Marson, S. M. 
Sawrie, et al., 2000).  Adults with MCI and dementia due to PD also 
experience significant FC impairments (Martin et al., 2013).

Capacity Assessment Instrument (Edelstein, 1999), and the 
Capacity to Consent to Treatment Instrument (CCTI). These 
measures provide objective information concerning an individual’s 
MDC that can inform and guide clinical decision-making. Such 
instruments, however, cannot fully account for all of the factors 
that inform a capacity judgment. As such, MDC measures are 
intended to support but not replace clinical judgment of capacity.

Research on MDC in MCI and Dementia
Impairment of MDC has been studied in multiple clinical 
populations, including persons with MCI and with dementia 
due to AD and PD (M. P. Dymek, Atchison, Harrell, & Marson, 
2001; Martin et al., 2008)), traumatic brain injury (D. C. Marson 
et al., 2005; Triebel et al., 2012; Triebel et al., 2014), and even 
brain cancer (Triebel, Martin, Nabors, & Marson, 2009). Studies 
have shown that minimal standards of consent capacity such as 
expressing	choice (S1) and making the reasonable	choice [S2] are 
relatively preserved in persons with mild/moderate AD dementia, 
whereas appreciation (S3), reasoning (S4), and understanding (S5) 
already show significant impairment (D. C. Marson et al., 1995; 
O. Okonkwo et al., 2007). A similar but less severe pattern of 
impairment is seen in MCI, with significant impairments in S3-S5 
(Okonkwo et al., 2007). MDC also shows significant longitudinal 
decline over time in mild AD dementia (Huthwaite et al., 2006) and 
in MCI (O. Okonkwo et al., 2008). 

Cognitive Studies of MDC in MCI and Dementia
Empirical studies suggest that multiple cognitive functions are 
associated with impairment of MDC in MCI and dementia due 
to AD.  In amnestic MCI, measures of short-term verbal memory 
were key predictors of the consent standards of appreciation, 
reasoning, and understanding (O. C. Okonkwo et al., 2008). 
Secondary cognitive predictors were measures of executive 
function. In contrast, in mild AD, measures of executive function 
and processing speed were primary predictors of MDC standards.  
In a separate study, a factor analysis of MDC in an AD population 
revealed a two-factor solution comprising verbal reasoning and 
verbal memory (M P Dymek, Marson, & Harrell, 1999). In patients 
with PD and dementia, executive function and memory measures 
have emerged as key predictors of MDC (M. P. Dymek et al., 2001).

Financial Capacity
Financial capacity (FC) refers to a person’s ability to carry out 
financial tasks and make sound decisions in financial matters in 
ways that are consistent with the person’s self-interest and values 
(D. C. Marson, Hebert, Kl, Solomon, A., 2011).   FC is comprised of 
a broad range of conceptual, pragmatic, and judgment abilities, 
ranging from basic skills such as counting coins and currency to 
more complex skills such as exercising financial judgment, paying 
bills, using a checkbook and register, and making investment 
decisions (D. C. Marson, S. M. Sawrie, et al., 2000).  The exercise 
of FC is strongly associated with personal autonomy and also 
with presence or absence of disability (Kane & Kane, 1981; 
Lawton, 1982; D. Marson & Zebley, 2001).    Among the different 
independent activities of daily living (IADLs), FC may be most 
critical to successful independent living in community dwelling 
older adult populations (D. C. Marson, S. M. Sawrie, et al., 2000; 
Melton, Petrila, Poythress, & Slobogin, 1987) (D. Marson, Hebert, 
K. R., 2006).
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Cognitive Studies of FC in MCI and Dementia
Written arithmetic skills, executive function, immediate story 
recall, and visual attention are associated with FC in MCI and mild 
AD type dementia (Sherod et al., 2009); (O. C. Okonkwo, Wadley, 
Griffith, Ball, & Marson, 2006).  In patients with MCI, cultural and 
racial differences in FC performance are largely accounted for 
by level of written arithmetic skills, which may serve as a proxy 
measure for differences in educational opportunity and quality 
of education (Triebel et al., 2010). Although, no studies, to our 
knowledge, are available specifically in AD it is likely that, race, 
culture, and education also impact FC in AD and other neurologic 
disorders. Thus, in addition to cognition, the possible influences 
of race, culture, and education should be considered by clinicians 
when making determinations about the FC of a patient.

Conclusion 
Capacity questions in older adults with cognitive impairment are 
referrals that are being increasingly encountered and addressed 
by neuropsychologists in their clinical practice.   By virtue of 
their knowledge, training, and skill sets, neuropsychologists are 
very well suited as a discipline to assess and answer these often 
challenging questions.   Two important clinical areas of geriatric 
capacity assessment concern medical decision making capacity 
and financial capacity.   As reflected in the above brief overview, 
conceptual models, direct assessment instruments, and empirical 
studies and literature are becoming increasingly available to the 
neuropsychologist interested in the practice of geriatric capacity 
assessment.

Dr. Kristen Triebel is an Assistant Professor and 
Neuropsychology Training Director in the Department of 
Neurology at the University of Alabama at Birmingham (UAB). 
The focus of her research work is on decisional capacity, 
cognition, and functional status in cancer as well as in a variety 
of neurodegenerative disorders and traumatic brain injury. She 
has a KL2 grant funded study investigating medical decision 
making capacity in patients with brain metastases.  She is the 
Chair-Elect of the NAN Membership Committee. 

Dr. Adam Gerstenecker is a Neuropsychology Post-Doctoral 
Fellow in the Department of Neurology at the University of 
Alabama at Birmingham (UAB). His research focuses on the 
effects that different neurologic conditions have on cognitive 
abilities, functional skills, and decisional capacity.  He has worked 
on a number of grant funded research projects investigating 
mild cognitive impairment, Alzheimer’s disease, brain cancer, and 
parkinsonian disorders.

Dr. Daniel Marson is a clinical neuropsychologist, licensed 
attorney, and tenured full professor in the Department of 
Neurology at the University of Alabama at Birmingham (UAB) 
where he directs the Division of Neuropsychology and UAB 
Alzheimer’s Disease Center. Dr. Marson graduated from Carleton 
College, University of Chicago Law School, and Northwestern 
University (clinical psychology). Dr. Marson lectures nationally 
on competency in neurocognitive disorders and has over 100 
publications on this topic. He has been principal investigator 
on multiple NIH grants and his work on financial capacity in the 
elderly has appeared in the New York Times, USA Today, and on 
NPR. Dr. Marson is past president of the National Academy of 
Neuropsychology.



16     |     Bulletin vol. 28 no. 2

References 
Barberger-Gateau, P., Dartigues, J. F., & Letenneur, L. (1993). Four 
Instrumental Activities of Daily Living Score as a predictor of one-year 
incident dementia. Age	Ageing,	22(6), 457-463. 

Dunn, L. B., Nowrangi, M. A., Palmer, B. W., Jeste, D. V., & Saks, E. R. (2006). 
Assessing decisional capacity for clinical research or treatment: a review of 
instruments. Am	J	Psychiatry,	163(8), 1323-1334. 

Dymek, M. P., Atchison, P., Harrell, L., & Marson, D. C. (2001). Competency 
to consent to medical treatment in cognitively impaired patients with 
Parkinson’s disease. Neurology,	56(1), 17-24. 

Dymek, M. P., Marson, D. C., & Harrell, L. (1999). Factor structure of capacity 
to consent to medical treatment in patients with Alzheimer’s disease: An 
exploratory study. Journal	of	Forensic	Neuropsychology,	1, 27-48. 

Edelstein, B. (1999). Hopemont	Capacity	Assessment	Interview	Manual	and	
Scoring	Guide. West Virginia University: Author.

Goldberg, T. E., Koppel, J., Keehlisen, L., Christen, E., Dreses-Werringloer, U., 
Conejero-Goldberg, C., . . . Davies, P. (2010). Performance-based measures 
of everyday function in mild cognitive impairment. Am	J	Psychiatry,	167(7), 
845-853. doi: 10.1176/appi.ajp.2010.09050692

Griffith, H. R., Belue, K., Sicola, A., Krzywanski, S., Zamrini, E., Harrell, L., 
& Marson, D. C. (2003). Impaired financial abilities in mild cognitive 
impairment: A direct assessment approach. Neurology,	60(3), 449-457. doi: 
10.1212/wnl.60.3.449

Grisso, T. (1986). Evaluating	Competencies:	Forensic	Assessments	and	
Instruments. New York: Plenum Press.

Grisso, T., & Appelbaum, P. (1998). Assessing	competence	to	consent	to	
treatment:	a	guide	for	physicians	and	other	health	professionals. New York: 
Oxford University Press.

Grisso, T., Appelbaum, P., & Hill-Fotouhi, C. (1997). The MacCAT-T: a clinical 
tool to assess patients’ capacities to make treatment decisions. Psychiatric	
Services,	48, 1315-1319. 

Huthwaite, J. S., Martin, R. C., Griffith, H. R., Anderson, B., Harrell, L. E., & 
Marson, D. C. (2006). Declining medical decision-making capacity in mild 
AD: a two-year longitudinal study. Behav	Sci	Law,	24(4), 453-463. 

Kane, R., & Kane, R. (1981). Assessing	the	Elderly:	A	Practical	Guide	to	
Measurement. Lexington, MA: Lexington.

Kim, S. Y. (2010). Evaluation	of	capacity	to	consent	to	treatment	and	research 
(Vol. 1). New York: Oxford University Press.

Lawton, M. P. (1982). Competence, environmental press, and adaptation of 
older people. In M. P. Lawton, P. Windley & I. Byerts (Eds.), Aging	and	the	
Environment:	Theoretical	Approaches (pp. 33-59). New York: Springer.

Marson, D., Hebert, K. R. (2006). Functional Assessment. In D. K. Attix, 
Welsh-Bohmer, K. A. (Ed.), Geriatric	Neuropsychology:	Assessment	and	
Intervention (pp. 158-197). New York: The Guilford Press.

Marson, D., Huthwaite, J., Hebert, K. (2004). Testamentary capacity and 
undue influence in the elderly: A jurisprudent therapy perspective. Law	and	
Psychology	Review,	28, 71-96. 

Marson, D., & Ingram, K. (1996). Competency to consent to treatment: A 
growing field of research. Journal of Ethics, Law	and	Aging,	2, 59-63. 

Marson, D., Sawrie, S., Snyder, S., McInturff, B., Stalvey, T., Boothe, A., . . . 
Harrell, L. (2000). Assessing financial capacity in patients with Alzheimer’s 
disease: A conceptual model and prototype instrument. Archives	of	
Neurology,	57, 877-884. 

Marson, D., & Zebley, L. (2001). The other side of the retirement years: 
Cognitive decline, dementia, and loss of financial capacity. Journal	of	
Retirement	Planning,	4(1), 30-39. 

Marson, D. C., Dreer, L. E., Krzywanski, S., Huthwaite, J. S., Devivo, M. J., & 
Novack, T. A. (2005). Impairment and partial recovery of medical decision-
making capacity in traumatic brain injury: a 6-month longitudinal study. 
Arch	Phys	Med	Rehabil,	86(5), 889-895. 

Marson, D. C., Earnst, K. S., Jamil, F., Bartolucci, A., & Harrell, L. E. (2000). 
Consistency of physicians’ legal standard and personal judgments of 
competency in patients with Alzheimer’s disease. J	Am	Geriatr	Soc,	48(8), 
911-918. 

Marson, D. C., Hebert, Kl, Solomon, A. (2011). Assessing Civil Competencies 
in Older Adults with Dementia: Consent Capacity, Financial Capacity, and 
Testamentary Capacity. In G. J. Larrabee (Ed.), Forensic	Neuropsychology:	A	
Scientific	Approach (pp. 401-437). New York: Oxford University Press.

Marson, D. C., Ingram, K. K., Cody, H. A., & Harrell, L. E. (1995). Assessing 
the competency of patients with Alzheimer’s disease under different legal 
standards. A prototype instrument. Arch	Neurol,	52(10), 949-954. 

Marson, D. C., McInturff, B., Hawkins, L., Bartolucci, A., & Harrell, L. E. 
(1997). Consistency of physician judgments of capacity to consent in mild 
Alzheimer’s disease. J	Am	Geriatr	Soc,	45(4), 453-457. 

Marson, D. C., Sawrie, S. M., Snyder, S., McInturff, B., Stalvey, T., Boothe, A., . . 
. Harrell, L. E. (2000). Assessing financial capacity in patients with Alzheimer 
disease: A conceptual model and prototype instrument. Arch	Neurol,	57(6), 
877-884. 

Marson, D. C. (October 17, 2013). Neuropsychological	Assessment	of	
Financial	Capacity	in	an	Aging	Society. 2013 National Academy of 
Neuropsychology Presidential Address, San Diego, California. 

Martin, R. C., Okonkwo, O. C., Hill, J., Griffith, H. R., Triebel, K., Bartolucci, A., 
. . . Marson, D. C. (2008). Medical decision-making capacity in cognitively 
impaired Parkinson’s disease patients without dementia. Mov	Disord. 

Martin, R. C., Triebel, K. L., Kennedy, R. E., Nicholas, A. P., Watts, R. 
L., Stover, N. P., . . . Marson, D. C. (2013). Impaired financial abilities 
in Parkinson’s disease patients with mild cognitive impairment and 
dementia. Parkinsonism	Relat	Disord,	19(11), 986-990. doi: 10.1016/j.
parkreldis.2013.06.017

Melton, G., Petrila, J., Poythress, N., & Slobogin, C. (1987). Psychological	
Evaluations	for	the	Courts. New York: Guilford Press.

Moye, J., Gurrera, R. J., Karel, M. J., Edelstein, B., & O’Connell, C. (2006). 
Empirical advances in the assessment of the capacity to consent to medical 
treatment: clinical implications and research needs. Clin	Psychol	Rev,	26(8), 
1054-1077. 

Okonkwo, O., Griffith, H. R., Belue, K., Lanza, S., Zamrini, E. Y., Harrell, L. E., . 
. . Marson, D. C. (2007). Medical decision-making capacity in patients with 
mild cognitive impairment. Neurology,	69(15), 1528-1535. 

Okonkwo, O., Griffith, H. R., Copeland, J. N., Belue, K., Lanza, S., Zamrini, E., . 
. . Marson, D. C. (2008). Medical decision-making capacity in mild cognitive 
impairment: A three-year longitudinal study. Neurology,	71(19), 1474-1480. 

Okonkwo, O. C., Griffith, H. R., Belue, K., Lanza, S., Zamrini, E. Y., Harrell, L. 
E., . . . Marson, D. C. (2008). Cognitive models of medical decision-making 
capacity in patients with mild cognitive impairment. J	Int	Neuropsychol	Soc,	
14(2), 297-308. 

Okonkwo, O. C., Wadley, V. G., Griffith, H. R., Ball, K., & Marson, D. C. (2006). 
Cognitive Correlates of Financial Abilities in Mild Cognitive Impairment. J	
Am	Geriatr	Soc,	54(11), 1745-1750. 

Roth, L., Meisel, A., & Lidz, C. (1977). Tests of competency to consent to 
treatment. American	Journal	of	Psychiatry,	134, 279-284. 

Sherod, M. G., Griffith, H. R., Copeland, J., Belue, K., Krzywanski, S., Zamrini, 
E. Y., . . . Marson, D. C. (2009). Neurocognitive predictors of financial 
capacity across the dementia spectrum: Normal aging, mild cognitive 
impairment, and Alzheimer’s disease. J	Int	Neuropsychol	Soc,	15(2), 258-267. 

Tepper, A., & Elwork, A. (1984). Competency to consent to treatment as a 
psychological construct. Law	and	Human	Behavior,	8, 205-223. 

Triebel, K., Martin, R., Griffith, H. R., Marceaux, J., Okonkwo, O., Harrell, L., . . . 
Marson, D. (2009). Declining financial capacity in mild cognitive impairment: 
A one-year longitudinal study. Neurology,	73, 928-934. 



Bulletin vol. 28 no. 2     |     17

References, continued 
Triebel, K. L., Martin, R. C., Nabors, L. B., & Marson, D. C. (2009). Medical 
decision-making capacity in patients with malignant glioma. Neurology,	
73(24), 2086-2092. 

Triebel, K. L., Martin, R. C., Novack, T. A., Dreer, L., Turner, C., Pritchard, P. 
R., . . . Marson, D. C. (2012). Treatment consent capacity in patients with 
traumatic brain injury across a range of injury severity. Neurology,	78(19), 
1472-1478. doi: 10.1212/WNL.0b013e3182553c38

Triebel, K. L., Martin, R. C., Novack, T. A., Dreer, L. E., Turner, C., Kennedy, 
R., & Marson, D. C. (2014). Recovery over six-months of medical decision 
making capacity following traumatic brain injury. Arch	Phys	Med	Rehabil. 
doi: 10.1016/j.apmr.2014.07.413

Triebel, K. L., Okonkwo, O. C., Martin, R., Griffith, H. R., Crowther, M., & 
Marson, D. C. (2010). Financial capacity of older African Americans with 
amnestic mild cognitive impairment. Alzheimer	Dis	Assoc	Disord,	24(4), 365-
371. doi: 10.1097/WAD.0b013e3181e7cb05

Wadley, V. G., Okonkwo, O., Crowe, M., Vance, D. E., Elgin, J. M., Ball, K. K., 
& Owsley, C. (2009). Mild cognitive impairment and everyday function: an 
investigation of driving performance. J	Geriatr	Psychiatry	Neurol,	22(2), 87-
94. doi: 10.1177/0891988708328215

Willis, S. (1996b). Everyday cognitive competence in elderly persons: 
Conceptual issues and empirical findings. The	Gerontologist,	36, 595-601.

The 2014-2015 NAN DistanCE Webinar Series will continue to bring cutting-edge 
continuing education programming straight to you in a convenient online format with 
topics to include:

Upcoming Live Webinars:
Convenient 1.5 CE credit presentations addressing current trends in neuropsychology with the 
opportunity for Q&A with the presenter.

•	Medically Unexplained Illnesses
•	Being an Expert in a Legal Case
•	Pain and Neuropsychology
•	Wada Testing
•	Effects of etoh on Cognitive Functioning
•	Medication and Cognition
•	Ethics, Stroke, and Neuropsychology

•	Stress, Mindfulness, and Cognition 
•	Pediatric Oncology
•	Advanced Legal Practice Issues: 

Depositions and Testimony for Experts in 
Legal Proceedings

•	Parkinsonian Disorders with Dementia
•	Neuropsychological Assessment of Asians

Recorded Webinars:
Miss one of the live webinars? The webinar recording will be available with the audio and 
PowerPoint presentation. Complete the short exam for 1.5 CE credits.

•	 Professional Competence versus Non-Discrimination: Ethical Dilemmas in the Evaluation of 
Non-Native-English Speakers

•	 TBI in the Military: Is the Warrior Wounded? 
•	 DSM-5 and its Impact on Neuropsychological Assessment 
•	 Psychopharmacology for Neurobehavioral Dysfunction after TBI 
•	 Providing Effective Neuropsychological Supervision 
•	 Neuroimaging for Neuropsychologists
•	 Neuropsychological Assessment of Hispanics Residing in the US: Ingles, Español o dos? 

(English, Spanish or both?)
•	 Sleep, Cognition and Affect:  Sleep Disorders for the Neuropsychologist
•	 Memory Loss, Alzheimer’s Disease, & Dementia
•	 Introduction to Sports Neuropsychology



18     |     Bulletin vol. 28 no. 2

White Matter Hyperintensities and 
Alzheimer’s Disease
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As the older adult segment of our population increases, 
Alzheimer’s disease (AD) has emerged as one of the most 
devastating international public health epidemics1, 2.  There 
are currently no effective disease-modifying treatments or 
preventative strategies.  But, over the past decade, major advances 
- - from refined animal models, novel molecular approaches, in	
vivo biological marker development, and more granular behavioral 
characterization of the disease - - have resulted in a somewhat 
unified model of AD pathogenesis that holds promise for 
development of intervention strategies.  The model stemmed from 
the amyloid cascade hypothesis3, 4 and was codified by Jack and 
colleagues in 2010 and 20135, 6.  It emphasizes the precipitating 
role of beta amyloid protein, which triggers a cascade of biological 
events, resulting in accumulation of tau protein and associated 
neurodegeneration and cognitive changes.  Individual differences 
in comorbidities, premorbid cognitive abilities, or hypothetically 
protective genetic profiles are purported to explain variability in 
symptomatological onset rather than playing primary roles in 
disease pathogenesis6.  A major recent advance is that pathogenic 
models can be tested operationally in humans via the direct 
or indirect measurement of the implicated putative biological 
markers.  Fibrillar and vascular deposition of amyloid can now be 
measured in	vivo with positron emission tomography (PET) ligand 
studies and susceptibility weighted or gradient echo magnetic 
resonance imaging (MRI), respectively.  Neurodegenerative 
changes can be appreciated on MRI with measurement of regional 
atrophy, the clinical manifestation of the disease can be measured 
with neuropsychological instruments, and assays applied to 
cerebrospinal fluid can be used to estimate central burden of both 
amyloid and tau pathology.  Indeed, the operational definitions 
of these pathogenic events have been translated directly into 
recently-proposed and implemented research diagnostic criteria 
for AD and its antecedent conditions7-9. 

While there is little debate that at the molecular level, AD is 
characterized by aggregation of tau protein and accumulation 
of Aβ40 and Aβ42 cleaved products of beta amyloid precursor 
protein, single pathway models of AD that emphasize the 
precipitating role of beta amyloid have not gone unchallenged 
(e.g.,10).  Accumulating evidence, for example, suggests that 1) 
a large segment of the older adult population with evidence 
of amyloidosis is clinically asymptomatic11-14; 2) a proportion of 
those meeting clinical criteria for AD may not have evidence of 
amyloidosis15; 3) transgenic murine models of AD overproduce 
amyloid but do not produce tau16, 17; 4) neurodegenerative 
changes frequently occur before or in the absence of amyloid18, 

19; and 5) removal of amyloid among clinical AD patients has 
been ineffective at improving symptoms or preventing decline20.  
These criticisms of the amyloid hypothesis do not preclude the 
possibility that its basic premise is correct, but rather highlight 
the complexity of the disease and raise the possibility that other 
factors play a contributing role.

From its earliest description21 AD was characterized as a mixed 
pathology disease defined by amyloid plaques and neurofibrillary 
tangles, without well-established causal relationships between 
the two.  We embrace the idea that additional pathologies are 
relevant for pathogenesis and clinical expression of the disease.  
Indeed, accumulating evidence indicates that factors associated 
with poor cognitive aging (in the absence of frank dementia) may 
also play a primary role in pathogenesis and progression.  Clinical-
pathological correlates studies highlight the possibility that “pure” 
AD pathology is not sufficient to produce dementia, but rather the 
presence of multiple additional pathologies are likely necessary for 
expression of disease22.  The epidemiological literature highlights 
the importance modifiable vascular risk factors in AD, such as 
hypertension, diabetes, insulin resistance, obesity/overweight, 
and hyperlipidemia23-36, likely through their impact on cerebral 
vasculature. 

Because of perfusion patterns and regional structure of the 
cerebral vessels, the brain’s white matter appears to be particularly 
vulnerable to ischemic injury and overall vascular burden related 
to these risk factors manifest as white matter hyperintensities 
(WMH).  White matter hyperintensities are areas of restricted 
increased signal on T2-weighted MRI scans.  The observed 
hyperintense signal is due to reduced relaxation rate from 
increases in extracellular spaces and/or gliosis that restrict fluid 
locally37.  In theory, any process that causes local damage and 
associated fluid restriction can manifest as WMH on MRI scans, 
but neuropathological studies of older adults are consistent 
in demonstrating that tissue damages that manifests as WMH 
is likely driven by small vessel ischemic changes38.  Common 
histological features of WMH include arteriolosclerosis, myelin 
pallor, and complete and incomplete infarction38-40.  Together with 
studies linking accumulating vascular risk factors to the severity of 
WMH41, 42, these studies establish that WMH reflect accumulating 
“subclinical” vascular disease.  The nature of the link between 
WMH, as proxy measures of small vessel vascular disease, and AD 
remains unclear.  Over the past several years, we, and others, have 
been evaluating systematically the role of WMH in cognitive aging 
and dementia (see 43, 44) to try to test three non-mutually exclusive 
possibilities that link small vessel cerebrovascular disease to AD.

First, WMH may be an independent source of cognitive 
impairment, contributing additively to the clinical presentation 
of AD.  Several lines of evidence support this possibility.  Cross-
sectional reports show elevated WMH among individuals with and 
at risk for AD45-50.  Non-demented older adults with high WMH 
burden are at greater risk for the development of AD and MCI51-

54.  The expansion of WMH severity over a 4 years was associated 
with worsening cognition in 150 older adults with AD, mild 
cognitive impairment (MCI), or without neurological disease55 and 
acceleration of WMH accumulation preceded the symptomatic 
phase of MCI56.  In the Alzheimer’s Disease Neuroimaging Initiative
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(ADNI) dataset, WMH volume was associated with cognitive 
decline at baseline and after a 1-year interval 57 and WMH volume 
increased over time to a greater extent among individuals with 
MCI and AD than among controls 58. 

We examined the role of WMH in cognitive aging and AD, the 
mediators of WMH, and factors that modify their impact on 
clinical expression43, 44.  Within the Washington Heights Inwood 
Columbia Aging Project (WHICAP), a longitudinal community-
based study of cognitive aging and dementia, we found that 
individuals with amnestic MCI had greater WMH burden than 
non-impaired controls and individuals with non-amnestic MCI59.  
The study provided the first indication that, in this cohort, WMH 
have a specific association with AD by virtue of being more severe 
among those at greatest risk for AD.  We followed this study by 
examining the regional distribution of WMH across diagnostic 
groups (i.e., unimpaired, amnestic MCI, non-amnestic MCI, and 
AD)60 and found that all three impaired groups had increased 
WMH burden in the frontal lobes relative to controls, but the 
amnestic MCI and AD patients had selectively increased WMH 
in parietal regions.  Parietal lobe WMH volume severity also 
discriminated individuals with amnestic MCI from controls better 
than degree of hippocampal atrophy, a marker of AD-related 
neurodegeneration thought to be present prior to cognitive 
impairment5, 6.  These observations join an emerging literature 
showing a greater posterior involvement of WMH in AD50, 61.  
When we examined whether the baseline and progression of 
the regional distribution of WMH predicted incident AD among 
non-demented individuals62, 63, we found that parietal lobe 
WMH volume and progression of parietal lobe WMH specifically 
predicted time to incident AD.  The findings suggest that in non-
demented community-dwelling older adults, regionally distributed 
WMH in the parietal lobes may be early harbingers of AD 
pathogenesis.  In contrast, the severity of WMH in anterior regions 
appears to be more specifically tied to normal aging; we showed, 
for example, that frontal lobe WMH, but not WMH in any other 
region, are associated with mortality64. 

Second, WMH and “primary” AD pathology may interact 
mechanistically.  How or whether WMH and AD interact on a 
more mechanistic level is difficult to evaluate.  White matter 
hyperintensities tend to localize in areas with the greatest amount 
of metabolic dysfunction and AD pathology65.  Models of AD 
pathogenesis implicate parenchymal deposition of Aβ protein 
and declining peripheral levels of Aβ42 that are associated 
with increased AD risk, presumably due to oligomerization 
and deposition of Aβ peptides in plaque formation66.  It is also 
quite possible that vascular deposition of Aβ may be a primary 
driver of the disease67.  In vitro studies show that the number of 
perivascular spaces in the white matter, not grey matter, correlate 
with amount of Aβ in overlying cortex and associated arteries68.  
Vascular Aβ may interfere with the ability of blood vessels to 
shunt deposited Aβ peptides through the periarterial spaces 
and the white matter of AD69-72.  Increased WMH burden among 
patients with AD may result from accumulation of or toxicity from 
vascular or parenchymal forms of Aβ to some degree.  Indeed, 
cerebral amyloid angiopathy (CAA), which reflects vessel damage 
secondary to the deposition of Aβ in cerebral arterioles, is present 
in the vast majority of individuals with AD whose brain tissue is 
examined at autopsy.  With use of T2*-weighted gradient echo 
MRI, CAA manifests radiologically as cerebral microbleeds

distributed in lobar regions73, 74.  White matter hyperintensities are 
more severe in the presence of clinical CAA or microbleeds and 
individuals with microbleeds are more likely to have progressive 
WMH75-77.  In patients with AD, microbleeds are distributed 
mostly in posterior regions, similar to the distribution of WMH78 
and more posterior distribution of WMH independently predicts 
CAA79.  There is a reliable negative association between WMH and 
cerebrospinal fluid measured Aβ42 levels80.  The specificity of the 
parietal lobe distribution of WMH in our data and its relationship 
to clinical AD raises several questions.  Neuroimaging studies 
that utilized positron emission tomography consistently implicate 
parietal regions in early AD81-83 and the earliest deposition 
of amyloid plaque pathology occurs in posterior association 
areas65, 84.  The regional selectivity we observed suggests that the 
pathological features of WMH may vary across lobar regions in the 
context of AD and AD risk, reflecting ischemic disease with other 
pathological markers, such as CAA85.

In addition to interactions with amyloid pathology, WMH may 
promote or result from tau-related neurodegenerative changes.  
A recent clinico-pathological study showed that increases in the 
amount of neurofibrillary tangle pathology was associated with 
accumulating WMH38, suggesting Wallerian-like degeneration 
secondary to tau-related neurodegenerative changes.  The 
parietal lobes and entorhinal cortex, where early dysfunction and 
degeneration is apparent in AD86, are strongly interconnected, so 
the specificity of our findings to parietal damage may also reflect 
Wallerian degeneration.  Pathological analyses are, by definition, 
cross-sectional and prospective in vivo studies are necessary; 
there is the possibility that WMH potentiates the effects of tau 
pathology, as suggested by a recent report showing an interaction 
between parietal lobe WMH and tau on risk for AD87. 

Third, the relationship between WMH and AD may be driven, in 
part, by a third factor or set of factors.  The brain is one of the 
few organs that regulates its own blood flow, and the only one 
in which “autoregulation” is crucial to its function. Via interacting 
myogenic, neurogenic, and metabolic mechanisms, brain blood 
flow is maintained at a constant level across a wide range of 
cerebral perfusion pressures88, 89.  Autoregulatory dysfunction 
promotes small vessel cerebrovascular disease, which in turn 
can feedback to potentiate the degree of autoregulation90.  It 
may also promote deposition and prevent clearance of amyloid 
pathology91-98.  Indeed, one pathway through which peripheral 
amyloid enters the brain is through the blood stream and cerebral 
blood vessels99.  Further, amyloid pathology itself can disrupt 
autoregulatory function via impairment of vasodilatory response91, 

100, 101.  

The relationship between autoregulatory dysfunction and 
AD pathology has been studied extensively in animal models 
(see 91 for review).  Transgenic mice that over express beta 
amyloid showed evidence of severely impaired autoregulation, 
including reduced cerebral blood flow, impaired endothelium-
dependent vasodilation, increased vasoconstrictor response, and 
compromised cerebrovascular reactivity94, 102, 103.  Notably, many 
of these changes occur prior to the deposition of frank amyloid 
pathology.  In humans, on the other hand, the relationship 
between AD pathology and autoregulatory dysfunction has not 
been shown definitively and requires further study.  
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In summary, current pathogenic models of AD are incomplete 
because they do not adequately incorporate the important role 
of cerebrovascular disease, visualized as WMH on MRI.  There is 
currently ample evidence to suggest that WMH play at least an 
additive role in onset of disease and symptom progression, which 
would suggest that small vessel cerebrovascular disease is a critical 
“third player” in addition to amyloid and tau pathology.  Emerging 
evidence also suggests an interaction between WMH and 
“primary” AD pathology, but more work is necessary to understand 

the mechanisms underlying this interaction.  Similarly, the 
relationship between WMH and AD may be mediated by additional 
factors, such as autoregulatory dysfunction, which can promote 
both AD pathology and small vessel cerebrovascular disease, 
which, in turn, can feedback and potentiate the autoregulatory 
dysfunction itself.  Consideration of the role of cerebrovascular 
disease in AD certainly opens up many possibilities for disease 
prevention and treatment.

References 
1.  Hebert LE, Weuve J, Scherr PA, Evans DA. Alzheimer disease in the 
United States (2010-2050) estimated using the 2010 census. Neurology. 
2013 May 7;80(19):1778-83.

2.  2012 Alzheimer’s disease facts and figures. Alzheimer’s & Dementia. 
2012;8(2):131-68.

3.  Hardy JA, Higgins GA. Alzheimer’s disease: the amyloid cascade hypoth-
esis. Science (New York, NY. 1992 Apr 10;256(5054):184-5.

4.  Selkoe DJ. Toward a Comprehensive Theory for Alzheimer’s Disease. 
Hypothesis: Alzheimer’s Disease Is Caused by the Cerebral Accumulation 
and Cytotoxicity of Amyloid β-Protein. Annals of the New York Academy of 
Sciences. 2000;924(1):17-25.

5.  Jack CR, Jr., Knopman DS, Jagust WJ, et al. Hypothetical model of dy-
namic biomarkers of the Alzheimer’s pathological cascade. Lancet neurol-
ogy. 2010 Jan;9(1):119-28.

6.  Jack CR, Jr., Knopman DS, Jagust WJ, et al. Tracking pathophysiologi-
cal processes in Alzheimer’s disease: an updated hypothetical model of 
dynamic biomarkers. Lancet neurology. 2013 Feb;12(2):207-16.

7.  Sperling RA, Aisen PS, Beckett LA, et al. Toward defining the preclinical 
stages of Alzheimer’s disease: recommendations from the National Insti-
tute on Aging-Alzheimer’s Association workgroups on diagnostic guide-
lines for Alzheimer’s disease. Alzheimers Dement. 2010 May;7(3):280-92.

8.  Albert MS, DeKosky ST, Dickson D, et al. The diagnosis of mild cog-
nitive impairment due to Alzheimer’s disease: recommendations from 
the National Institute on Aging-Alzheimer’s Association workgroups on 
diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement. 2010 
May;7(3):270-9.

9. McKhann GM, Knopman DS, Chertkow H, et al. The diagnosis of de-
mentia due to Alzheimer’s disease: recommendations from the National 
Institute on Aging-Alzheimer’s Association workgroups on diagnostic 
guidelines for Alzheimer’s disease. Alzheimers Dement. 2010 May;7(3):263-
9.

10.  Drachman DA. The amyloid hypothesis, time to move on: Amyloid is 
the downstream result, not cause, of Alzheimer’s disease. Alzheimer’s & 
Dementia. 2014;10(3):372-80.

11.  Price JL, McKeel DW, Jr., Buckles VD, et al. Neuropathology of non-
demented aging: presumptive evidence for preclinical Alzheimer disease. 
Neurobiology of aging. 2009 Jul;30(7):1026-36.

12.  Davis DG, Schmitt FA, Wekstein DR, Markesbery WR. Alzheimer neu-
ropathologic alterations in aged cognitively normal subjects. Journal of 
neuropathology and experimental neurology. 1999 Apr;58(4):376-88.

13.  Balasubramanian AB, Kawas CH, Peltz CB, Brookmeyer R, Corrada MM. 
Alzheimer disease pathology and longitudinal cognitive performance in 
the oldest-old with no dementia. Neurology. 2012 Aug 28;79(9):915-21.

14.  Rowe CC, Ng S, Ackermann U, et al. Imaging beta-amyloid burden in 
aging and dementia. Neurology. 2007 May 15;68(20):1718-25.

15.  Vellas B, Carrillo MC, Sampaio C, et al. Designing drug trials for Al-
zheimer’s disease: What we have learned from the release of the phase III 
antibody trials: A report from the EU/US/CTAD Task Force. Alzheimer’s & 
Dementia. 2013;9(4):438-44.

16.  Schwab C, Hosokawa M, McGeer PL. Transgenic mice overexpress-
ing amyloid beta protein are an incomplete model of Alzheimer disease. 
Experimental neurology. 2004 Jul;188(1):52-64.

Dr. Adam Brickman completed his undergraduate studies in neuroscience 
and psychology at Oberlin College, his doctoral work in neuropsychology 
at City University of New York, his clinical/research internship at Brown 
Medical School, and post-doctoral training in neuropsychology and cognitive 
neuroscience at the College of Physicians and Surgeons of Columbia 
University.  He is currently an associate professor of neuropsychology in Taub 
Institute for Research on, Alzheimer’s Disease and the Aging Brain, Department 
of Neurology, College of Physicians and Surgeons at Columbia University.   He 
is on the editorial board of the Journal	of	the	International	Neuropsychological	
Society and Neuropsychology	Review and is a member of the Center for 
Scientific Review (CSR) Aging Systems and Geriatric (ASG) Study Section for the 
National Institutes of Health (NIH).  He is also on the Board of Governors of the 
International Neuropsychological Society. 



Bulletin vol. 28 no. 2     |     21

References, continued
17.  Schaeffer EL, Figueiro M, Gattaz WF. Insights into Alzheimer disease 
pathogenesis from studies in transgenic animal models. Clinics (Sao Paulo). 
2011;66 Suppl 1:45-54.

18.  Jack CR, Jr., Wiste HJ, Weigand SD, et al. Amyloid-first and neuro-
degeneration-first profiles characterize incident amyloid PET positivity. 
Neurology. 2013 Nov 12;81(20):1732-40.

19.  Braak H, Zetterberg H, Del Tredici K, Blennow K. Intraneuronal tau ag-
gregation precedes diffuse plaque deposition, but amyloid-beta changes 
occur before increases of tau in cerebrospinal fluid. Acta Neuropathol. 
2013 Nov;126(5):631-41.

20.  Schneider LS, Mangialasche F, Andreasen N, et al. Clinical trials and 
late-stage drug development for Alzheimer’s disease: an appraisal from 
1984 to 2014. Journal of internal medicine. 2014;275(3):251-83.

21.  Castellani RJ, Perry G. Pathogenesis and Disease-modifying Therapy 
in Alzheimer’s Disease: The Flat Line of Progress. Archives of Medical 
Research. 2012;43(8):694-8.

22.  Schneider JA, Arvanitakis Z, Bang W, Bennett DA. Mixed brain pa-
thologies account for most dementia cases in community-dwelling older 
persons. Neurology. 2007 Dec 11;69(24):2197-204.

23.  Elkins JS, O’Meara ES, Longstreth WT, Jr., Carlson MC, Manolio TA, 
Johnston SC. Stroke risk factors and loss of high cognitive function. Neu-
rology. 2004 Sep 14;63(5):793-9.

24.  Kilander L, Nyman H, Boberg M, Hansson L, Lithell H. Hypertension is 
related to cognitive impairment: a 20-year follow-up of 999 men. Hyper-
tension. 1998 Mar;31(3):780-6.

25.  Kivipelto M, Helkala EL, Hanninen T, et al. Midlife vascular risk factors 
and late-life mild cognitive impairment: A population-based study. Neurol-
ogy. 2001 Jun 26;56(12):1683-9.

26.  Kivipelto M, Helkala EL, Laakso MP, et al. Midlife vascular risk factors 
and Alzheimer’s disease in later life: longitudinal, population based study. 
BMJ (Clinical research ed. 2001 Jun 16;322(7300):1447-51.

27.  Knopman D, Boland LL, Mosley T, et al. Cardiovascular risk factors and 
cognitive decline in middle-aged adults. Neurology. 2001 Jan 9;56(1):42-8.

28.  Luchsinger JA, Patel B, Tang MX, Schupf N, Mayeux R. Measures of 
adiposity and dementia risk in elderly persons. Archives of neurology. 2007 
Mar;64(3):392-8.

29.  Luchsinger JA, Reitz C, Honig LS, Tang MX, Shea S, Mayeux R. Aggre-
gation of vascular risk factors and risk of incident Alzheimer disease. 
Neurology. 2005 Aug 23;65(4):545-51.

30.  Luchsinger JA, Tang MX, Shea S, Mayeux R. Hyperinsulinemia and risk 
of Alzheimer disease. Neurology. 2004 Oct 12;63(7):1187-92.

31.  Luchsinger JA, Tang MX, Stern Y, Shea S, Mayeux R. Diabetes mellitus 
and risk of Alzheimer’s disease and dementia with stroke in a multiethnic 
cohort. American journal of epidemiology. 2001 Oct 1;154(7):635-41.

32.  Swan GE, DeCarli C, Miller BL, et al. Association of midlife blood pres-
sure to late-life cognitive decline and brain morphology. Neurology. 1998 
Oct;51(4):986-93.

33.  Helzner EP, Luchsinger JA, Scarmeas N, et al. Contribution of vascular 
risk factors to the progression in Alzheimer disease. Archives of neurology. 
2009 Mar;66(3):343-8.

34.  Barnes DE, Yaffe K. The projected effect of risk factor reduction on 
Alzheimer’s disease prevalence. Lancet neurology. 2011 Sep;10(9):819-28.

35.  Gorelick PB, Scuteri A, Black SE, et al. Vascular Contributions to Cogni-
tive Impairment and Dementia. Stroke; a journal of cerebral circulation. 
2011 September 1, 2011;42(9):2672-713.

36.  Cholerton B, Baker LD, Craft S. Insulin, cognition, and dementia. Euro-
pean journal of pharmacology. 2013;719(1–3):170-9.

37.  Bronge L, Wahlund LO. White matter changes in dementia: does 
radiology matter? The British journal of radiology. 2007 Dec;80 Spec No 
2:S115-20.

38.  Erten-Lyons D, Woltjer R, Kaye J, et al. Neuropathologic basis of white 
matter hyperintensity accumulation with advanced age. Neurology. 2013 
Sep 10;81(11):977-83.

39.  Jagust WJ, Zheng L, Harvey DJ, et al. Neuropathological basis of mag-
netic resonance images in aging and dementia. Annals of neurology. 2008 
Jan;63(1):72-80.

40.  Fazekas F, Kleinert R, Offenbacher H, et al. Pathologic correlates of 
incidental MRI white matter signal hyperintensities. Neurology. 1993 
Sep;43(9):1683-9.

41.  Launer LJ. Epidemiology of white matter lesions. Top Magn Reson 
Imaging. 2004 Dec;15(6):365-7.

42.  Brickman AM, Reitz C, Luchsinger JA, et al. Long-term blood pressure 
fluctuation and cerebrovascular disease in an elderly cohort. Archives of 
neurology. 2010 May;67(5):564-9.

43.  Brickman AM. Contemplating Alzheimer’s disease and the contribu-
tion of white matter hyperintensities. Curr Neurol Neurosci Rep. 2013 
Dec;13(12):415.

44.  Brickman AM, Muraskin J, Zimmerman ME. Structural neuroimaging in 
Alzheimer’s disease: do white matter hyperintensities matter? Dialogues in 
clinical neuroscience. 2009;11(2):181-90.

45.  Scheltens P, Barkhof F, Valk J, et al. White matter lesions on magnetic 
resonance imaging in clinically diagnosed Alzheimer’s disease. Evidence 
for heterogeneity. Brain. 1992 Jun;115 ( Pt 3):735-48.

46.  Kalaria RN. The role of cerebral ischemia in Alzheimer’s disease. Neu-
robiology of aging. 2000 Mar-Apr;21(2):321-30.

47.  Rezek DL, Morris JC, Fulling KH, Gado MH. Periventricular white matter 
lucencies in senile dementia of the Alzheimer type and in normal aging. 
Neurology. 1987 Aug;37(8):1365-8.

48.  Hogervorst E, Ribeiro HM, Molyneux A, Budge M, Smith AD. Plasma 
homocysteine levels, cerebrovascular risk factors, and cerebral white mat-
ter changes (leukoaraiosis) in patients with Alzheimer disease. Archives of 
neurology. 2002 May;59(5):787-93.

49.  Makedonov I, Black SE, MacIntosh BJ. Cerebral small vessel disease in 
aging and Alzheimer’s disease: a comparative study using MRI and SPECT. 
Eur J Neurol. 2013 Feb;20(2):243-50.

50.  Yoshita M, Fletcher E, Harvey D, et al. Extent and distribution of white 
matter hyperintensities in normal aging, MCI, and AD. Neurology. 2006 
Dec 26;67(12):2192-8.

51.  Prins ND, van Dijk EJ, den Heijer T, et al. Cerebral white matter lesions 
and the risk of dementia. Archives of neurology. 2004 Oct;61(10):1531-4.

52.  Vermeer SE, Prins ND, den Heijer T, Hofman A, Koudstaal PJ, Breteler 
MM. Silent brain infarcts and the risk of dementia and cognitive decline. 
The New England journal of medicine. 2003 Mar 27;348(13):1215-22.

53.  Wolf H, Ecke GM, Bettin S, Dietrich J, Gertz HJ. Do white matter chang-
es contribute to the subsequent development of dementia in patients with 
mild cognitive impairment? A longitudinal study. International journal of 
geriatric psychiatry. 2000 Sep;15(9):803-12.

54.  Smith EE, Egorova S, Blacker D, et al. Magnetic resonance imag-
ing white matter hyperintensities and brain volume in the prediction of 
mild cognitive impairment and dementia. Archives of neurology. 2008 
Jan;65(1):94-100.

55.  Maillard P, Carmichael O, Fletcher E, Reed B, Mungas D, DeCarli C. 
Coevolution of white matter hyperintensities and cognition in the elderly. 
Neurology. 2012 Jul 31;79(5):442-8.

56.  Silbert LC, Dodge HH, Perkins LG, et al. Trajectory of white matter hy-
perintensity burden preceding mild cognitive impairment. Neurology. 2012 
August 21, 2012;79(8):741-7.



22     |     Bulletin vol. 28 no. 2

References, continued
57.  Carmichael O, Schwarz C, Drucker D, et al. LOngitudinal changes in 
white matter disease and cognition in the first year of the alzheimer dis-
ease neuroimaging initiative. Archives of neurology. 2010;67(11):1370-8.

58.  Lo RY, Jagust WJ. Vascular burden and Alzheimer disease pathologic 
progression. Neurology. 2012 September 25, 2012;79(13):1349-55.

59.  Luchsinger JA, Brickman AM, Reitz C, et al. Subclinical cerebrovascular 
disease in mild cognitive impairment. Neurology. 2009 Aug 11;73(6):450-6.

60.  Brickman AM, Provenzano FA, Muraskin J, et al. Distribution of MRI-de-
fined white matter hyperintensities in mild cognitive impairment [abstract]. 
Journal of the International Neuropsychological Society. 2011 February, 
2011;17(S1).

61.  Leys D, Pruvo JP, Parent M, et al. Could Wallerian degeneration contrib-
ute to “leuko-araiosis” in subjects free of any vascular disorder? Journal of 
Neurology, Neurosurgery & Psychiatry. 1991 Jan;54(1):46-50.

62.  Brickman AM, Provenzano FA, Muraskin J, et al. Regional white 
matter hyperintensity volume, not hippocampal atrophy, predicts inci-
dent Alzheimer disease in the community. Archives of neurology. 2012 
Dec;69(12):1621-7.

63.  Brickman AM, Zahodne LB, Guzman VA, et al. Reconsidering harbin-
gers of dementia: Progression of white matter hyperintensities predicts 
Alzheimer’s disease incidence. Neurobiology of aging. in press.

64.  Wiegman AF, Meier IB, Provenzano FA, et al. Regional white matter 
hyperintensity volume and cognition predict death in a multiethnic com-
munity cohort of older adults. Journal of the American Geriatrics Society. 
2013 Dec;61(12):2246-8.

65.  Braak H, Braak E. Neuropathological stageing of Alzheimer-related 
changes. Acta Neuropathol. 1991;82(4):239-59.

66.  Schupf N, Tang MX, Fukuyama H, et al. Peripheral Abeta subspe-
cies as risk biomarkers of Alzheimer’s disease. Proceedings of the 
National Academy of Sciences of the United States of America. 2008 Sep 
16;105(37):14052-7.

67.  Miwa K, Tanaka M, Okazaki S, et al. Multiple or mixed cerebral micro-
bleeds and dementia in patients with vascular risk factors. Neurology. 2014 
August 12, 2014;83(7):646-53.

68.  Roher AE, Kuo YM, Esh C, et al. Cortical and leptomeningeal cere-
brovascular amyloid and white matter pathology in Alzheimer’s disease. 
Molecular medicine (Cambridge, Mass. 2003 Mar-Apr;9(3-4):112-22.

69.  Weller RO, Cohen NR, Nicoll JA. Cerebrovascular disease and the 
pathophysiology of Alzheimer’s disease. Implications for therapy. Panmi-
nerva medica. 2004 Dec;46(4):239-51.

70.  Niwa K, Carlson GA, Iadecola C. Exogenous A beta1-40 reproduces 
cerebrovascular alterations resulting from amyloid precursor protein over-
expression in mice. J Cereb Blood Flow Metab. 2000 Dec;20(12):1659-68.

71.  Preston SD, Steart PV, Wilkinson A, Nicoll JA, Weller RO. Capillary and 
arterial cerebral amyloid angiopathy in Alzheimer’s disease: defining the 
perivascular route for the elimination of amyloid beta from the human 
brain. Neuropathology and applied neurobiology. 2003 Apr;29(2):106-17.

72.  Thomas T, Thomas G, McLendon C, Sutton T, Mullan M. beta-Amyloid-
mediated vasoactivity and vascular endothelial damage. Nature. 1996 Mar 
14;380(6570):168-71.

73.  Greenberg SM, Vernooij MW, Cordonnier C, et al. Cerebral micro-
bleeds: a guide to detection and interpretation. Lancet neurology. 2009 
Feb;8(2):165-74.

74.  van Rooden S, van der Grond J, van den Boom R, et al. Descriptive 
analysis of the Boston criteria applied to a Dutch-type cerebral amyloid 
angiopathy population. Stroke; a journal of cerebral circulation. 2009 
Sep;40(9):3022-7.

75.  Holland CM, Smith EE, Csapo I, et al. Spatial Distribution of White-Mat-
ter Hyperintensities in Alzheimer Disease, Cerebral Amyloid Angiopathy, 
and Healthy Aging. Stroke; a journal of cerebral circulation. 2008 Feb 21.

76.  Maia LF, Vasconcelos C, Seixas S, Magalhaes R, Correia M. Lobar brain 
hemorrhages and white matter changes: Clinical, radiological and labo-
ratorial profiles. Cerebrovascular diseases (Basel, Switzerland). 2006;22(2-
3):155-61.

77.  Chen YW, Gurol ME, Rosand J, et al. Progression of white matter le-
sions and hemorrhages in cerebral amyloid angiopathy. Neurology. 2006 
Jul 11;67(1):83-7.

78.  Pettersen JA, Sathiyamoorthy G, Gao FQ, et al. Microbleed topography, 
leukoaraiosis, and cognition in probable Alzheimer disease from the Sun-
nybrook dementia study. Archives of neurology. 2008 Jun;65(6):790-5.

79.  Thanprasertsuk S, Martinez-Ramirez S, Pontes-Neto OM, et al. Poste-
rior white matter disease distribution as a predictor of amyloid angiopathy. 
Neurology. 2014 July 25, 2014.

80.  Kester MI, Goos JD, Teunissen CE, et al. Associations between cerebral 
small-vessel disease and Alzheimer disease pathology as measured by 
cerebrospinal fluid biomarkers. JAMA Neurol. 2014 Jul 1;71(7):855-62.

81.  Jagust WJ, Eberling JL, Wu CC, et al. Brain function and cognition in a 
community sample of elderly Latinos. Neurology. 2002 Aug 13;59(3):378-
83.

82.  Imabayashi E, Matsuda H, Asada T, et al. Superiority of 3-dimensional 
stereotactic surface projection analysis over visual inspection in discrimi-
nation of patients with very early Alzheimer’s disease from controls using 
brain perfusion SPECT. J Nucl Med. 2004 Sep;45(9):1450-7.

83.  Ishii K, Sasaki H, Kono AK, Miyamoto N, Fukuda T, Mori E. Comparison 
of gray matter and metabolic reduction in mild Alzheimer’s disease using 
FDG-PET and voxel-based morphometric MR studies. Eur J Nucl Med Mol 
Imaging. 2005 Aug;32(8):959-63.

84.  Braak H, Braak E. Evolution of the neuropathology of Alzheimer’s 
disease. Acta Neurol Scand Suppl. 1996;165:3-12.

85.  Brickman AM, Muraskin J, Zimmerman ME. Structural neuroimaging in 
Altheimer’s disease: do white matter hyperintensities matter? Dialogues in 
clinical neuroscience. 2009;11(2):181-90.

86.  Small SA, Schobel SA, Buxton RB, Witter MP, Barnes CA. A pathophysi-
ological framework of hippocampal dysfunction in ageing and disease. 
Nature reviews. 2011;12(10):585-601.

87.  Hertze J, Palmqvist S, Minthon L, Hansson O. Tau pathology and pari-
etal white matter lesions have independent but synergistic effects on early 
development of Alzheimer’s disease. Dement Geriatr Cogn Dis Extra. 2013 
Jan;3(1):113-22.

88.  Paulson OB, Strandgaard S, Edvinsson L. Cerebral autoregulation. Cere-
brovascular and brain metabolism reviews. 1990 Summer;2(2):161-92.

89.  van Beek AH, Claassen JA, Rikkert MG, Jansen RW. Cerebral autoregu-
lation: an overview of current concepts and methodology with special 
focus on the elderly. J Cereb Blood Flow Metab. 2008 Jun;28(6):1071-85.

90.  Kuo HK, Lipsitz LA. Cerebral white matter changes and geriatric syn-
dromes: is there a link? The journals of gerontology. 2004 Aug;59(8):818-
26.

91.  Claassen JA, Zhang R. Cerebral autoregulation in Alzheimer’s disease. J 
Cereb Blood Flow Metab. 2011 Jul;31(7):1572-7.

92.  Kalaria RN. Linking cerebrovascular defense mechanisms in brain age-
ing and Alzheimer’s disease. Neurobiology of aging. 2009 Sep;30(9):1512-
4.

93.  Austin SA, Santhanam AV, Katusic ZS. Endothelial nitric oxide modu-
lates expression and processing of amyloid precursor protein. Circ Res. 
2010 Dec 10;107(12):1498-502.

94.  Iadecola C, Zhang F, Niwa K, et al. SOD1 rescues cerebral endothelial 
dysfunction in mice overexpressing amyloid precursor protein. Nat Neuro-
sci. 1999 Feb;2(2):157-61.



Bulletin vol. 28 no. 2     |     23

References, continued
95.  Birns J, Jarosz J, Markus HS, Kalra L. Cerebrovascular reactivity and dy-
namic autoregulation in ischaemic subcortical white matter disease. Jour-
nal of neurology, neurosurgery, and psychiatry. 2009 Oct;80(10):1093-8.

96.  Mok V, Ding D, Fu J, et al. Transcranial Doppler ultrasound for screen-
ing cerebral small vessel disease: a community study. Stroke; a journal of 
cerebral circulation. 2012 Oct;43(10):2791-3.

97.  Poels MM, Zaccai K, Verwoert GC, et al. Arterial stiffness and cerebral 
small vessel disease: the Rotterdam Scan Study. Stroke; a journal of cere-
bral circulation. 2012 Oct;43(10):2637-42.

98.  Purkayastha S, Fadar O, Mehregan A, et al. Impaired cerebrovascular 
hemodynamics are associated with cerebral white matter damage. J Cereb 
Blood Flow Metab. 2014 Feb;34(2):228-34.

99.  Eisele YS, Fritschi SK, Hamaguchi T, et al. Multiple Factors Contribute to 
the Peripheral Induction of Cerebral β-Amyloidosis. The Journal of Neuro-
science. 2014 July 30, 2014;34(31):10264-73.

100.  van Beek AH, Sijbesma JC, Jansen RW, Rikkert MG, Claassen JA. 
Cortical oxygen supply during postural hypotension is further decreased 
in Alzheimer's disease, but unrelated to cholinesterase-inhibitor use. J 
Alzheimers Dis. 2010;21(2):519-26.

101.  Chow N, Bell RD, Deane R, et al. Serum response factor and myocar-
din mediate arterial hypercontractility and cerebral blood flow dysregula-
tion in Alzheimer's phenotype. Proceedings of the National Academy of 
Sciences of the United States of America. 2007 Jan 16;104(3):823-8.

102.  Niwa K, Kazama K, Younkin SG, Carlson GA, Iadecola C. Alterations 
in cerebral blood flow and glucose utilization in mice overexpressing the 
amyloid precursor protein. Neurobiology of disease. 2002 Feb;9(1):61-8.

103.  Mueggler T, Sturchler-Pierrat C, Baumann D, Rausch M, Staufenbiel 
M, Rudin M. Compromised hemodynamic response in amyloid precursor 
protein transgenic mice. J Neurosci. 2002 Aug 15;22(16):7218-24.

CONFERENCE
35th annual

Nov. 4 - 7, 2015
JW Marriot

Austin, Texas



24     |     Bulletin vol. 28 no. 2

Serial Assessment in Cases of Dementia

Kevin Duff, Ph.D.
University of Utah, Salt Lake City, UT

While	thumbing	through	next	week’s	referrals,	you	notice	John	
Smith,	a	74	year	old	Caucasian	retired	electrician	who	you	
diagnosed	with	Alzheimer’s	disease	last	year.	His	doctor	is	referring	
him	for	a	repeat	evaluation	to	look	for	changes	since	starting	
anticholinergic	medication.	Immediately,	a	number	of	questions	run	
through	your	head.	Should	you	expect	change	in	this	patient?	Could	
the	intervention	lead	to	stabilization	or	even	improvement?	Is	a	one	
year	follow-up	defensible?	Are	the	tests	in	your	usual	“dementia	
battery”	good	at	detecting	change?	How	will	you	determine	if	any	
changes	you	see	are	clinically	meaningful?	

These are all reasonable questions. However, they are also 
complex questions that would require volumes to adequately 
address. This brief review will focus on the last question. Currently, 
there are several statistical methods used to assist the clinician 
in determining if a reliable/meaningful/significant change has 
occurred across time. Two popular such methods are the Reliable 
Change Index (RCI) and the Standardized Regression Based (SRB) 
model. 

RCI. Originally developed to examine change in psychotherapy 
(Jacobson & Truax, 1991), the RCI is a sophisticated method for 
examining change. It starts by calculating a simple discrepancy 
score (i.e., Time 2 – Time 1). This discrepancy is compared to 
“normal change” by dividing it by the standard error of the 
difference (SED), which estimates the standard deviation of these 
discrepancy scores in some sample. The RCI results in a z-score, 
which can be compared to a normal distribution table. RCI studies 
also typically present cutoff scores that indicate decline, stability, 
or improvement. Chelune and colleagues (1993) adjusted the 
RCI to control for practice effects, which is particularly important 
with cognitive data. Iverson (2001) further modified the RCI to 
account for variability in the Time 2 scores. Advantages of the 
RCI include a precise estimate of relative change and control for 
the test’s reliability and practice effects. Conversely, the RCI takes 
a one-size-fits-all approach that does not account for individual 
difference variables. Therefore, the RCI might be more appropriate 
when the individual patient closely matches the demographics of 
the patient sample on which the RCI was generated.

SRB. This advanced method utilizes multiple regression to predict 
a Time 2 score using a Time 1 score and other potentially relevant 
information. The “predicted Time 2” score is subtracted from 
the “observed Time 2” score, and then divided by the standard 
error of the estimate (SEE) of the regression model. This yields a 
z-score, which can be compared to a normal distribution table. In 
the original SRB paper by McSweeny et al. (1993), only the Time 1 
score was a significant predictor of the Time 2 score (i.e., no other 
variables entered the equation), and we refer to this as a “simple” 
SRB. However, the SRB method can incorporate other clinically 
relevant variables (e.g., age, education, retest interval) into the 
prediction model, and we refer to this as a “complex” SRB. In serial 
evaluations of patients with dementia, SRBs have some distinct

advantages. For example, these models consider low baseline 
scores, whereas RCI methods do not. Regression to the mean may 
also be better controlled with SRBs. Disadvantages of the SRBs 
are their complex calculations and the necessary access to the 
data to generate them. However, Crawford and Garthwaite (2007) 
have demonstrated that SRBs can be accurately estimated from 
psychometric properties that are typically available in test manuals 
and published reports, such as means and standard deviations 
at Time 1 and 2 and test-retest coefficients. Dr. Crawford has also 
made programs freely available that calculate SRBs on individual 
patients (see http://homepages.abdn.ac.uk/j.crawford/pages/dept/
psychom.htm).

Both RCIs and SRBs yield z-scores, as their metric of change. 
A z-score of -1.0 would indicate that a patient’s change was at 
the 16th percentile of the comparison group (or that 84% of 
the comparison group showed greater change). Although these 
z-scores can be viewed continuously, they have typically been 
trichotomized, with ≤-1.645 indicating “decline,” -1.644 – +1.644 
indicating “stable,” and ≥+1.645 indicating “improvement.”

The	following	year,	Mr.	Smith	returns	for	his	repeat	evaluation.	
Both	the	patient	and	his	wife	report	that	he	is	doing	“much	better”	
since	starting	the	medication.	However,	looking	at	his	scores	in	the	
Table,	you	wonder	if,	to	the	contrary,	Mr.	Smith	might	have	declined.	
You	would	like	something	more	objective	on	which	to	base	that	
determination.	You	hunt	through	back	issues	of	neuropsychology	
journals	for	any	relevant	articles.	[Before	reading	further,	please	
note	your	determination	of	change	in	the	Table.]

Measure Time 1 Time 2 Change?
DRS Total 124 117
RAVLT Total 33 20
RAVLT Delay 1 0
TMT-B 157” 225”

Note. Raw scores are presented. DRS = Dementia Rating Scale, 
RAVLT = Rey Auditory Verbal Learning Test, TMT-B = Trail Making 
Test Part B.

Mr. Smith’s Time 1 DRS Total score was in the impaired range, and 
he declined by 7 points after one year. Is that enough change to 
be clinically meaningful? Using cognitively normal subjects from 
the Mayo Older Americans Normative Studies and Mayo Older 
African American Normative Studies, Pedraza et al. (2007) reported 
the longitudinal change on the DRS Total score. In Table 2 from 
that paper, the RCI cutoff for European Americans evaluated after 
9 – 15 months was -6 – +9. Mr. Smith’s decline was -7, which falls 
below the lower cutoff. Using the practice effects and SED data in 
their Table 2, you can also calculate an RCI z-score for Mr. Smith 
of -1.91. Both results allow you to determine that he has reliably 
declined across time.
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On the RAVLT, Mr. Smith’s Total Recall declined from 32 words to 
20 words, and his Delayed Recall declined from 1 word to 0 words. 
Knight et al. (2007) reported longitudinal change on the RAVLT in 
healthy older adults across one year. In their Table 2, for individuals 
<75 years old, a practice-corrected RCI had a lower cutoff of -11.71 
for Total and -5.18 for Delay. Since Mr. Smith’s Total discrepancy 
was -13, it can be concluded that he declined on this variable. 
However, his Delay discrepancy was only -1, which falls above the 
lower cutoff and would indicate stability since his last evaluation. 
Z-scores can also be calculated with the practice effects and SED 
data in their Table 2 to get -1.84 and -0.10 for Total and Delay, 
respectively. 

Finally, Mr. Smith initially took 157” to complete TMT-B, and it took 
him 68” longer to do so after one year. Is this change meaningful? 
Duff et al. (2010) presented SRBs for a battery of frequently used 
tests in older adults across one year. Table 2 of this paper provides 
the formula to calculate Mr. Smith’s predicted Time 2 TMT-B score 
based on his Time 1 score (i.e., “Baseline only” or simple SRB). 
With a Time 1 score of 157”, his predicted Time 2 score would be 
149.21”. The discrepancy between his observed and predicted 
Time 2 scores is 75.79. When this discrepancy is divided by the SEE 
in Table 2, it results in a z-score of 1.51, indicating that Mr. Smith 
declined 1½ standard deviations more than those in Duff’s study 
(note that we reverse this z-score to -1.51 because higher TMT-B 
scores indicate worse performance). However, since this z-score 
falls between ±1.645, it is typically viewed as “no change.”

The calculation of change on these tests highlights some 
complexities in this process. For example, the RAVLT Delay did 

not change. However, floor effects almost certainly prevented a 
true assessment of change on this variable. That is, when baseline 
scores are near the floor, there is little room to show decline. 
Conversely, with baseline scores near the ceiling, there is little 
room to improve. Choosing tests with wide ranges is necessary to 
accurately calculate change. In this instance, the decline on RAVLT 
Total probably becomes more informative than the absence of 
decline on Delay. Second, despite performing 68” slower on TMT-B 
at follow-up, the SRB indicated stability. More work is clearly 
needed to determine the validity of the somewhat arbitrary cutoff 
of ±1.645. These cutoffs need to be couched against more real-
world outcomes (e.g., stopping driving, transitioning to a nursing 
home).

Although the calculation of change across time can appear 
daunting, there is a need for this in dementia evaluations. Serial 
assessments can inform patients, families, and other providers 
about trajectories (e.g., rate of future decline), benefits of 
interventions, and status changes (e.g., conversion from Mild 
Cognitive Impairment to dementia). Repeat evaluations can also 
clarify diagnoses and better inform treatment recommendations. 
Unfortunately, there is a dearth of existing literature on cognitive 
change in older adults, so more research is needed. Despite the 
additional complexities of interpreting change data (e.g., different 
retest intervals, different tests, different demographics in the group 
you are comparing to the individual patient, see Duff, 2012), the 
benefits are tangible.
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Behavioral Interventions in Mild Cognitive 
Impairment to Delay or Prevent Dementia

Julie A. Fields, Ph.D. & Glenn E. Smith, Ph.D.

Longer life expectancy combined with baby boom phenomena 
makes Alzheimer’s disease (AD) a growing concern.  More than 
five million Americans are currently diagnosed with AD. Unless 
dementia risk can be reduced, by mid-century this number 
could exceed 13.8 million (Hebert, Weuve, Scherr, & Evans, 
2013).  Between 1990 and 2010, AD demonstrated a greater 
increase in disability-adjusted life-years than any other disease 
(U.S. Burden of Disease Collaborators, 2013). The majority of 
people with dementia live at home, where 85% receive care from 
informal unpaid caregivers, i.e., family, friends, and neighbors 
(Alzheimer’s Association, 2014) at great economic, health, and 
psychological cost.  Costs of caring for people with dementia  in 
2013 were over $220.2 billion (Alzheimer’s Association, 2014).  
Dementia is a significant predictor of nursing home placement 
(Gallagher et al., 2011; Rozzini et al., 2006; Zekry et al., 2009).  
Almost 90% of patients with dementia become institutionalized 
before death (Smith, Kokmen, & O’Brien, 2000), and nearly 40% 
of cognitively impaired patients are placed in nursing homes 
within five years of diagnosis as compared to only 4% of those 
without cognitive impairment (Smith, O’Brien, Ivnik, Kokmen, & 
Tangalos, 2001). Delaying the progression of cognitive decline 
can result in improved quality of life, reduced caregiver burden 
and institutionalization, and significant savings in terms of costs 
of healthcare services, for example, hospital stays, physician and 
other medical provider services, nursing homes, skilled nursing 
facilities, hospice, home healthcare, and medications. 

A decades-long prodrome including reliably identifiable epochs 
precedes the manifestation of the full syndrome in most 
neurodegenerative dementias (Petersen et al., 1999; Smith et al., 
1996).  One epoch has been labeled Mild Cognitive Impairment 
(MCI). It represents a transitional stage of cognitive change that 
occurs between normal aging and early dementia (Petersen, 2007). 
The National Institute on Aging-Alzheimer’s Association recently 
commissioned a work group with the task of revising criteria for 
the predementia phase of AD.  The new consensus diagnostic 
criteria for AD, incorporating consensus criteria established at 
the 2003 MCI Key Symposium (Winblad et al., 2004), recognize 
this prodromal period as “mild cognitive impairment due to 
Alzheimer’s disease” (Albert et al., 2011).  These criteria have 
subsequently been incorporated into the redefinition of cognitive 
disorders in the Diagnostic and Statistical Manual of Mental 
Disorders, 5th edition (DSM-5) (American Psychiatric Association, 
2013).  MCI represents a well-documented and significant 
risk factor for progression to dementia (Levey, Lah, Goldstein, 
Steenland, & Bliwise, 2006; Morris & Cummings, 2005; Petersen, 
2004).  Approximately 15% of people with MCI progress to 
dementia each year (Petersen, et al., 1999). 

Pharmacologic treatments in the early stages of AD( i.e., MCI) have 
been largely disappointing (Petersen et al., 2005), resulting in a 
surge of research seeking more effective behavioral interventions 
aimed at preventing or delaying AD and its associated symptoms.  
Nearly all primary prevention models for dementia involve

behavioral interventions, that is, nonpharmacologic strategies 
promoting changes in behavior that improve overall health.  For 
example, it was recently noted that a combined 25% reduction in 
midlife diabetes, obesity, hypertension, and physical and cognitive 
inactivity could potentially alleviate 500,000 cases of dementia 
(Barnes & Yaffe, 2011). Importantly, the emergence of the concept 
and diagnosis of MCI as a risk state for dementia creates the 
opportunity for secondary prevention models. The same primary 
prevention strategies designed to protect against disease show 
promise as secondary prevention interventions that mitigate the 
progression of a disease already in process (Smith & Bondi, 2013).

Multiple kinds of behavioral interventions have shown 
promising outcomes. 
1)	Physical	activity.  Exercise interventions are being explored as 
a means to minimize cognitive decline in MCI.  Lautenschlager et 
al. (2008) observed significant improvement in memory in older 
adults engaged in a 24-week physical exercise regimen, though 
these participants did not necessarily meet contemporary criteria 
for MCI.  Literature reviews (Ahlskog, Geda, Graff-Radford, & 
Petersen, 2011; Hindin and Zelinski, 2012) consistently conclude 
that aerobic exercise is associated with a reduced risk of cognitive 
impairment and dementia. Even non-aerobic exercise (e.g. Tai-
chi, mindful yoga) seems to be of cognitive benefit (Holzel et al., 
2011; Lam et al., 2012; Wells et al., 2013), and has been shown 
to enhance the growth of new brain cells in the hippocampus, 
essential for learning and remembering (Holzel et al., 2011; Wells 
et al., 2013). Ahlskog et al. (2011) recommend ongoing, moderate-
intensity physical exercise be considered as a prescription for 
lowering cognitive risks and slowing cognitive decline across the 
age spectrum.

2)	Computer-based	cognitive	exercise	(“brain	fitness”). 
Computerized brain fitness training can improve cognitive 
functioning in normal older adults (Smith et al., 2009; Wolinsky, 
Vander Weg, Howren, Jones, & Dotson, 2013; Zelinski et al., 
2011).  Barnes et al. (2009) reported no significant benefit from 
brain fitness training in MCI.  However, the memory effect size 
they observed was nearly the same as that reported as significant 
in the larger normal older adult studies. This suggests that the 
Barnes (and other studies) may be underpowered to see the 
modest beneficial effect of computer training in MCI. Other trials 
of a computer training program have suggested modest benefit 
on cognition (i.e., memory and abstract reasoning) and mood in 
patients with MCI (Rozzini et al., 2007; Talassi et al., 2007).  Though 
studies are few, the effects of computerized brain training appear 
equal to those of aerobic exercise (Hindin & Zelinski, 2012).

3)	Education.  There is evidence that psychoeducation can 
bring about positive change in care partners of those with MCI. 
Although most research focuses on dementia education for 
caregivers, a recent study in patients with MCI found that care 
partners were more depressed when they had less knowledge of 
MCI at the time of diagnosis (Blieszner & Roberto, 2010).  
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Studies further show that greater knowledge increases feelings of 
competence, confidence, and less overall distress in care partners 
(Hepburn, Lewis, Tornatore, Sherman, & Bremer, 2007).

4)	Support	groups. Social support is another important aspect of 
behavioral interventions. Meta-analysis (Williams, et al., 2010) 
reveals that loneliness and lower levels of social networking 
were associated with physical inactivity and a higher risk of AD. 
Conversely, a high level of social engagement can reduce the 
mortality risk in individuals with MCI (Sampson, Bulpitt, & Fletcher, 
2009).  Research shows that patients with MCI who participate 
in group therapy learn acceptance of their diagnoses and what 
lies ahead of them, and care partners become more aware and 
accepting of cognitive and behavioral problems (Joosten-Weyn 
Banningh, Vernooij-Dassen, Rikkert, & Teunisse, 2008;  Joosten-
Weyn Banningh et al., 2013; Williams, Plassman, Burke, Holsinger, 
& Benjamin, 2010). 

5)	Memory	compensation	training. The MCI state may be ideal for 
compensation training as people demonstrating MCI typically 
have “cognitive reserve” in the form of preserved procedural 
memory even in the face of clinically significant declarative 
memory impairments (Smith et al., 2013). The Memory Support 
System (MSS) is one approach to compensation, involving use of 
a portable calendar and note-taking system.  Persons with MCI 
and a care partner are trained following a structured curriculum of 
orientation, modeling, practice, and homework assignments. We 
have specifically studied this strategy and found significant effect 
sizes on memory-based everyday functions at training end (d = 
1.0), 2-month (d = .88) and 6-month follow-up (d = .56) compared 
to MCI participants who received no training (Greenaway, Duncan, 
& Smith, 2013). 

It is not clear that behavioral interventions impact the biology of 
the dementia, but they appear to at least mitigate the functional 
symptoms it produces.  AD is a disorder where multicomponent 
therapies may be essential to treatment (Wang, Das, Switzer, 
Golde, & Jankowsky, 2011), and at least as good as medication 
with regard to effects on mood, cognition, behavior, activities 
of daily living (ADLs), and time to institutionalization (Olazaran 
et al., 2010). Results from earlier single studies (Belleville, et al., 
2006; Kinsella et al., 2009) have subsequently been confirmed by 
a recent meta-analysis (Brodaty & Arasaratnam, 2012) showing 
that the most successful nonpharmacologic interventions were 
those that were multicomponent and tailored to the needs 
of the person with dementia and their caregiver, but these 
interventions must be employed in a timely fashion. For example, 
a multicomponent, group-format cognitive rehabilitation program 
benefitted ADLs, mood, and memory in those with MCI, but not 
those with AD (Kurz, Pohl, Ramsenthaler, & Sorg, 2009).  Belleville 
et al. (2006) also reported positive outcomes for a program 
combining education, computer-based attention training, and 
internal memory compensatory training. They reported improved 
list-recall memory and face-name association performance, as 
well as improvements in subjective memory report and sense of 
subjective well-being.

In 2008 the Mayo Clinic launched a 10-day program for people 
with MCI called HABIT Healthy Action to Benefit Independence 
and Thinking™.  The program builds on existing strengths and 
recognizes that procedural memory, i.e., “habit,” can be exercised 
to promote the highest level of function and independence.  The 
program is delivered by a multidisciplinary HABIT team involving 
neuropsychologists, education specialists, cognitive 

interventionists and exercise specialists. A support partner, most 
often a spouse, but may also be an unmarried partner, adult child 
or good friend, is required to complete the program with the 
participant. The HABIT program includes five hourly components 
delivered on each of the ten days, resulting in a 50-hour program.

HABIT program components include:
• Individual memory compensation training
• Group supportive therapy
• Yoga
• Brain fitness
• Wellness education

Outcomes routinely assessed in the program:
• Improved cognitive function
• Enhanced quality of life 
• Improved independence in function, 
• Increased self-efficacy (i.e., confidence)
• Increased resilience, coping, and self-care
• Enhanced psychological well-being for MCI patients and their 

partners 
• Improving physical conditioning, balance, and/or flexibility

This program now operates at all three Mayo Clinic sites 
(Jacksonville, FL, Rochester, MN, and Scottsdale AZ). Nearly 300 
couples facing MCI have completed this program. Preliminary 
program evaluation data show that these couples have a variety 
of positive outcomes, but especially better overall quality of life 
compared to untreated controls, that is, MCI HABIT participants 
and their support partners show improved quality of life, but 
neither MCI patients nor their caregivers who did not go through 
the program showed significant change.

A current limitation of behavioral interventions is that they often 
come with out-of-pocket expenses that make these programs 
cost-prohibitive for many individuals. To gain widespread use, 
such interventions must not only be practical for people with 
MCI and relevant to their activities of daily living and quality of 
life, but they must have a strong evidence base supporting them.  
To this end, the Patient Centered Outcomes Research Institute 
(PCORI.org) has funded a new study of the HABIT program. The 
Comparative	Effectiveness	of	Behavioral	Interventions	to	Prevent	
or	Delay	Dementia:	Study	of	the	HABIT	program will compare the 
five HABIT  intervention components using a novel “subtraction” 
design.  Instead of starting with a no-treatment arm and adding 
interventions, the study design  randomly deletes one of five 
components and assesses how that affects outcomes, meaning 
participants will be randomly assigned to engage daily in four 
of the five standard components of HABIT. This design permits 
all participants to receive “80%” of the overall intervention. 
Research participants must have a recent diagnosis of MCI (due 
to Alzheimer’s disease, Lewy Body disease, vascular disease, 
frontotemporal dementia or other causes) from their local treating 
neurologist or neuropsychologist and a partner who also agrees 
to join the study.  Candidates can be referred to any of the 3 Mayo 
HABIT sites (FL, AZ or MN) by emailing either of the authors. 

The results of studies such as this could provide important data 
to support the use of and payment for MCI “rehabilitative” 
interventions.  Our hope is that we can provide data to support 
that these kinds of interventions should be the standard of 
care for persons with new diagnoses of MCI, and ultimately, 
reimbursable by insurance.
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With the growing rate of Alzheimer’s disease (AD) world-wide, the 
need for accessible, rapid, and cost-effective diagnostic modalities 
has become increasingly salient. It is estimated that AD currently 
impacts 5.4 million Americans with that number estimated to 
almost triple by 2050 (Alzheimer’s Association, 2012). This places 
a substantial burden on the healthcare system to effectively detect 
and treat individuals at all stages of the disease. In addition, the 
financial burden of treating individuals with AD has become a 
significant problem for healthcare as it is estimated to cost nearly 
$1.1 trillion by 2050 (Alzheimer’s Association, 2012). Blood-based 
biomarker approaches offer an effective means for provision of 
screening methods for cognitive loss and AD that fits into the 
existing medical infrastructure (Henriksen et al., 2014). In fact, it 
has previously been proposed that blood-based biomarkers “will 
most likely be the prerequisite to future sensitive screening of 
large populations at risk of AD and the baseline in a diagnostic 
flow approach to AD” (Schneider, Hampel & Buerger, 2009), 
which can then lead to follow-up evaluation for confirmatory 
diagnosis by advanced imaging, CSF and neuropsychological 
examination. Blood-based biomarker approaches to detect 
AD can also streamline patient identification, selection, and 
stratification for clinical trials and potentially be utilized as 
outcome variables (Henriksen et al., 2014; Soares & Lovestone, 
2014). In fact, several clinical trials (ongoing or completed) have 
included blood-based biomarkers as secondary endpoints (e.g. 
ClinicalTrials.gov NCT00438568, NCT01595646, NCT0102812) or as 
means of patient stratification (NCT00574132 and NCT00575055; 
TOMORROW trial). 

In a seminal study, Ray and colleagues (2007) analyzed 120 
plasma- proteins to develop an algorithm for the detection of AD 
(vs. cognitively healthy controls) that yielded an overall accuracy 
of 89%. The algorithm also identified with 81% accuracy mild 
cognitive impairment (MCI) cases that progressed to AD. This 
study represented the first major support for the notion that 
an AD biomarker profile can yield excellent accuracy. However, 
enthusiasm waned when the findings did not cross-validate on 
an independent assay platform (Soares, et al., 2009). Despite this 
initial setback, others have continued to identify promising signals 
in peripheral blood suggesting that a blood-based AD screen is on 
the horizon (Booiji et al., 2011; Buerger et al., 2009; Doecke et al., 
2012; Laske et al., 2011; Laske et al., 2013; Mapstone et al., 2014; 
Nagele et al., 2011; O’Bryant et al., 2010; 2011a; 2011b; 2013; 
Reddy et al., 2011). 

Our group has generated and cross-validated a blood-based 
proteomic signature of AD. In our initial work, over 180 serum 
proteins from AD (n=203) and control (n=197) subjects in the

Texas Alzheimer’s Research & Care Consortium (TARCC) were 
analyzed. Using Random Forest (RF) analyses, a proteomic 
signature was generated in the training set (50% of the sample) 
that yielded excellent accuracy when applied to the test sample 
(AUC=0.91, sensitivity = 0.80, specificity =0.91)(O’Bryant et al., 
2010). The algorithm was subsequently refined to the top 30 
markers, which continued to yield excellent accuracy (AUC=0.91, 
SN=0.88, SP=0.82). Next, our group was the first to cross-
validate a blood-based approach across independent cohorts 
(spanning plasma and serum) analyzing data from the TARCC 
and the Alzheimer’s Disease Neuroimaging Initiative (ADNI) 
(O’Bryant et al., 2011a). More recently, we analyzed data from 300 
(AD n=150, control n=150) participants of the TARCC to cross-
validate the serum-biomarker algorithm across assay platforms. 
Analyzing 21 serum-based proteins using the Meso Scale 
Discovery (MSD) electrochemiluminescence (ECL)-based imager, 
the derived 21-protein algorithm yielded excellent accuracy 
(AUC=0.96, SN=0.90, SP=0.90) as did an abbreviated 8-protein 
version (AUC=0.95, SN=0.88, SP=0.92). The algorithm was also 
validated among mouse models (Tg2576 and 3XTg) and tissues 
(serum and brain microvessels) (O’Bryant et al., 2014a). Lastly, 
the serum-proteomic profile approach was 100% accurate at 
discriminating AD from Parkinson’s disease.  Kiddle and colleagues 
(2014) recently cross-validated the link between 9 markers from 
previously published studies and AD-related phenotypes across 
independent cohorts using an independent assay platform 
(SOMAscan proteomic technology). 

The identification of blood-based biomarkers that have utility in 
clinical trials for AD is of great importance (Soares & Lovestone, 
2014) and, as pointed out above, blood biomarkers are being 
included as secondary outcome measures in many ongoing trials. 
If methods, such as those outlined above, are demonstrated 
to be effective in primary care settings, these blood-based 
profiles for detecting AD could provide access to clinical trials 
far beyond what is currently available through specialty clinic 
settings (O’Bryant et al., 2014). Recently, Burnham and colleagues 
generated a plasma-protein profile from the Australian Imaging, 
Biomarkers and Lifestyle (AIBL) cohort that yielded an AUC=0.88 
in detecting cortical Aβ presence (Burnham et al., 2014). Such 
a screener would drastically reduce the costs of clinical trials 
requiring Aβ positivity via PET scans (Burnham et al., 2014; 
Henriksen et al., 2013). 

Current work stemming from this has continued to look at plasma 
biomarkers as a means of predicting AD presence as well as 
future incidence. Hye and colleagues (2014, in press) were able to 
identify 10 plasma protein biomarkers, which predicted conversion
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from MCI to AD. Of the proteins identified, inflammatory markers 
were among the most consistent predictors of conversion within 
their sample (Hye et al., 2014). Additional work by Mapstone 
and colleagues (2014) also found utility of plasma metabolites in 
identifying conversion of disease state. The ability for biomarkers 
to serve as a prognostic mechanism is significant for identifying 
those who need additional follow-up and treatment. This line of 
work will be valuable for patient enrichment in prevention trials 
(Henriksen et al., 2014).

Recent work also suggests that the biomarker profile of AD 
varies according to ethnicity. Among non-Hispanic whites, the 
biomarker profile generated and cross-validated by our group was 
predominately inflammatory in nature (O’Bryant et al., 2010; 2011a; 
2011b; 2014). However, in a recent study, we sought to evaluate 
the biomarker profile of AD among Mexican Americans. Serum 
proteomic markers were examined among 49 AD cases and 314 
cognitively healthy controls with the overall algorithm yielding 
an AUC=0.88. Interestingly, the biomarker profile was heavily 
weighted towards metabolic markers among this group (O’Bryant 
et al., 2013b). Therefore, the blood-based work suggests that 
(1) the approach can be utilized to generate screening methods 
across ethnic groups and (2) the biological profile of AD may vary 
according to ethnicity and require different therapeutic options. 

Additional work by our group has sought to address the challenge 
of identifying early and very early AD stages, as this is a particularly 
challenging time point for current diagnostic methods; however, it 
is a critical time for treatment (Edwards et al., 2014a). By combining 
specific inflammatory blood-based serum biomarkers with select 
neurocognitive measures, early stages of AD could be identified 
with excellent accuracy (AUC= 0.91) (Edwards et al., 2014a). 
More recent work sought to extend before very early AD stages 
and reach pre-AD stages (i.e. MCI). Unpublished work from our 
groups looked at combining a serum panel of 21 biomarkers in 
distinguishing AD from MCI (Edwards et al., 2014b). The panel 
alone was found to discriminate disease presence by 69%. When 
examined by APOE4 status, the panel effectively identified 79% 
among non-carriers (Edwards et al., 2014b). When combined 
with a measure of semantic fluency, the overall accuracy of 

detection improved to 89% (Edwards et al., 2014b). This work 
provides further support for the utilization of serum biomarkers 
in combination with cognitive measures for improved diagnostic 
accuracy of AD and MCI.

Use of blood-based biomarkers in the detection of AD, MCI, and 
other neurodegenerative disorders has significantly progressed 
over the past several years due to increased support for cost-
effective, non-invasive, and affordable means of diagnostics. 
Current diagnostic means pose many barriers (financial, access 
to care) that blood-based biomarkers are able to effectively 
address. Our work, along with others, supports the use of blood-
based biomarkers as a first step in a potentially multi-step 
process, which includes current diagnostic modalities, such as a 
neuropsychological evaluation. Arguably one of the fastest growing 
health concerns, AD poses a significant problem for society due to 
the estimated prevalence of the disease as well as limited means of 
effective diagnostics and treatment modalities. 

Significant work is needed in the area of MCI as well as among 
other neurodegenerative diseases. Current research supports the 
use of both serum and plasma biomarkers as a means of detecting 
disease presence; however, the relative consistency across research 
studies and findings are limited, which could be the result of 
unstandardized pre-analytic procedures (Henriksen et al., 2014; 
Snyder et al., 2014); however, the international working group 
recently published the first-ever guidelines for harmonization of 
methods across laboratories and cohorts (O’Bryant et al., 2014b). 
The current state of the literature suggests blood-based biomarker 
approaches hold potential for aiding in predicting risk for MCI and 
AD as well as screening for these cognitive disorders. Additional 
work is ongoing to determine if these approaches will be useful for 
screening procedures targeting cognitive loss associated with other 
conditions. These blood-based methods can also greatly facilitate 
new clinical trials by providing a means for patient identification 
and selection, patient stratification and identification of targeted 
subgroups most likely to benefit from specific interventions 
(Soares & Lovestone 2014; Henriksen et al 2014) as well as help 
identify those who require follow-up clinical diagnostics, including 
neuropsychological evaluations.
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how blood profiles vary across neurodegenerative diseases and he leads the newly generated 
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His work has been funded by the National Institute on Aging (NIA), Environmental Protection 
Agency (EPA), the State of Texas as well as numerous private foundations. He has published over 
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National Academy of Neuropsychology and the 2014 FABBS Early Career Impact Award.



32     |     Bulletin vol. 28 no. 2

References
Alzheimer's Association. (2012). Alzheimer's Disease Facts and Figures. 
Alzheimer’s	&	Dementia,	8, 1-72.

Booiji, B. B., Lindahl, T., Wetterberg, P., Skaane, N. V., Saebo, S., Feten, G., 
Rye, P. D., Kristiansen, L. I., Hagen, N., Jensen, M., Bardsen, K., Winblad, B., 
Sharma, P., Lonneborg, A. (2011). A gene expression pattern in blood for 
the early detection of Alzheimer’s disease. Journal	of	Alzheimer’s	Disease,	
23(1), 109-119.

Buerger, K., Ernst, A., Ewers, M., Uspenskaya, O., Omerovic, M., Morgen-
thaler, N. G., Knauer, K., Bergmann, A., & Hampel, H. (2009). Blood-based 
microcirculation markers in Alzheimer’s disease-diagnostic value of mid-
regional pro-atrial natriuretic peptide/C-terminal endothelin-1 precursor 
fragment ratio. Biological	Psychiatry,	65(11), 979-984.

Burnham, S. C., Faux, N. G., Wilson, W., Laws, S. M., Ames, D., Bedo, J., Bush, 
A. L., Doecke, J. D., Ellis, K. A., Head, R., Jones, G., Kiiveri, H., Martins, R. 
N., Rembach, A., Rowe, C. C., Salvado, O., Macaulay, S. L., Masters, C. L., & 
Villemagne, V. L.; Alzheimer's Disease Neuroimaging Initiative; Australian 
Imaging, Biomarkers and Lifestyle Study Research Group. (2014). A blood-
based predictor for neocortical Aβ burden in Alzheimer's disease: Results 
from the AIBL study. Molecular	Psychiatry,	19(4), 519-526.

Doecke, J. D., Laws, S. M., Faux, N. G., Wilson, W., Burnham, S. C., Lam, C. P., 
Mondal, A., Bedo, J., Bush, A. I., Brown, B., De Ruyck, K., Ellis, K. A., Fowler, 
C., Gupta, V. B., Head, R., Macaulay, S. L., Pertile, K., Rowe, C. C., Rembach, 
A., Rodrigues, M., Rumble, R., Szoeke, C., Taddei, T., Trounson, B., Ames, D., 
Masters, C. L., & Martins, R. N.; Alzheimer’s Disease Neuroimaging Initia-
tive; Australian Imaging, Biomarker and Lifestyle Research Group. (2012). 
Blood-based protein biomarkers for the diagnosis of Alzheimer’s disease. 
Archives	of	Neurology,	69(10), 1318-1325.

Edwards, M., Balldin, V. H., Hall, J., & O’Bryant, S. E. (2014a, in press). Com-
bining select neuropsychological assessment with blood-based biomark-
ers to detect mild Alzheimer's disease: A Molecular Neuropsychology 
approach. Journal	of	Alzheimer’s	Disease.

Edwards, M., Hynan L.S., Suen E., Smith, J.P., Huebinger, R., Cullum, C.M., 
Lacritz, L., Reisch, J.S., Rosenberg, R., & O’Bryant, S. (2014b). Molecular	
Neuropsychology	for	the	Detection	of	Amnestic	and	Non-Amnestic	Mild	
Cognitive	Impairment. Poster to be presented at the 2014 meeting of the 
National Academy of Neuropsychology in Fajardo, Puerto Rico. 

Henriksen, K., O'Bryant, S. E., Hampel, H., Trojanowski, J. Q., Montine, T. J., 
Jeromin, A., Blennow, K., Lonnebrog, A., Wyss-Coray, T., Soares, H., Bazenet, 
C., Sjogren, M., Hu, W., Lovestone, S., Karsdal, M. A., & Weiner, M. W.; 
Blood-Based Biomarker Interest Group. (2014). The future of blood-based 
biomarkers for Alzheimer's disease. Alzheimer's	and	Dementia,	10(1), 115-
131.

Hye, A., Riddoch-Contreras, J., Baird, A. L., Ashton, N.J., Bazenet, C., Leung, 
R., Westman, E., Simmons, A., Dobson, R., Sattlecker, M., Lupton, M., Lun-
non, K., Keohane, A., Ward, M., Pike, I., Dieter Zucht, H., Pepin, D., Zheng, 
W., Tunnicliffe, A., Richardson, J., Gauthier, S., Soininen, H., Kloszewska, I., 
Mecocci, P., Tsolaki, M., Vellas, B., & Lovestone, S. (2014, in press). Plasma 
proteins predict conversion to dementia from prodromal disease. Al-
zheimer’s	&	Dementia, 1-9.

Kiddle, S. J., Sattlecker, M., Proitsi, P., Simmons, A., Westman, E., Bazenet, C., 
Nelson, S. K., Williams, S., Hodges, A., Johnston, C., Soininen, H., Klosze-
wska, I., Mecocci, P., Tsolaki, M., Vellas, B., Newhouse, S., Lovestone, S., & 
Dobson, R. J. B. (2014). Candidate blood proteome markers of Alzheimer's 
disease onset and progression: A systematic review and replication study. 
Journal	of	Alzheimer's	Disease,	38(3), 515-531.

Laske, C., Leyhe, T., Stransky, E., Hoffmann, N., Fallgatter, A. J., & Dietzsch, 
J. (2011). Identification of a blood-based biomarker panel for classification 
of Alzheimer’s disease. International	Journal	of	Neuropsychopharmacology,	
14(9), 1147-1155.

Laske, C., Schmohl, M., Leyhe, T., Stransky, E., Maetzler, W., Berg, D., Fallgat-
ter, A. J., Joos, T., & Dietzsch, J. (2013). Immune profiling in blood identified 
sTNF-R1 performing comparably well as biomarker panels for classifica-
tion of Alzheimer’s disease patients. Journal	of	Alzheimer’s	Disease,	34(2), 
367-375.

Mapstone, M., Cheema, A. K., Fiandaca, M. S., Zhong, X., Mhyre, T. R., Mac 
Arthur, L. H., Hall, W. J., Fisher, S. G., Peterson, D. R., Haley, J. M., Nazar, M. 
D., Rich, S. A., Berlau, D. J., Peltz, C. B., Tan, M. T., Kawas, C. H., & Federoff, H. 
J. (2014). Plasma phospholipids identify antecedent memory impairment in 
older adults. Nature	Medicine,	20(4), 415-418.

Nagele, E., Han, M., DeMarshall, C., Belinka, B., & Nagele, R. (2011). 
Diagnosis of Alzheimer’s disease based on disease-specific autoantibody 
profiles in human sera. PLoS	One,	6, e23112.

O'Bryant, S. E., Xiao, G., Zhang, F., Edwards, M., German, D. C., Yin, X., 
Como, T., Reisch, J., Huebinger, H. M., Graff-Radford, N., Dickson, D., Barber, 
R. C., Hall, J., O'Suilleabhain, P. & Grammas, P. (2014a, in press). Validation 
of a serum screen for Alzheimer's disease across assay platforms, species 
and tissues. Journal	of	Alzheimer’s	Disease. 

O’Bryant, S.E., Gupta, V., Henriksen, K., Edwards, M., Jeromin, A., Lista, S., 
Bazenet, C., Soares, H., Lovestone, S., Hampel, H., Montine, T., Blennow, K., 
Foround, T., Carrillo, M., Graff-Radford, N., Laske, C., Breteler, M., Shaw, L., 
Trojanowski, J.Q., Schupf, N., Rissman, R.A., Fagan, A.M., Oberoi, P., Umek, 
R., Weiner, M.W., Grammas, P., Posner, H., & Martins, R. for the STAR-B and 
BBBIG working groups (2014b, in press) Guidelines for the standardization 
of preanalytic variables for blood-based biomarker studies in Alzheimer’s 
disease research. Alzheimer’s	&	Dementia. 

O'Bryant, S. E., Xiao, G., Barber, R., Huebinger, R., Wilhelmsen, K., Edwards, 
M., Graff-Radford, N., Doody, R., Diaz-Arrastia, R.; Texas Alzheimer's Re-
search & Care Consortium; Alzheimer's Disease Neuroimaging Initiative. 
(2011a). A blood-based screening tool for Alzheimer's disease that spans 
serum and plasma: findings form TARC and ADNI. PLoS	One,	6(12), e28092.

O'Bryant, S. E., Xiao, G., Barber, R., Reisch, J., Doody, R., Fairchild, T., Adams, 
P., Waring, S., Diaz-Arrastia, R.; Texas Alzehimer's Research Consortium. 
(2010). A serum protein-based algorithm for the detection of Alzheimer 
disease. Archives	of	Neurology,	67(9), 1077-1081.

O’Bryant, S., Xiao, G., Barber, R., Reisch, J., Hall, J., Cullum, C.M., Doody, R., 
Fairchild, T., Adams. P., Wilhelmsen, K. & Diaz-Arrastia, R. (2011b). A Blood-
Based Algorithm for the Detection of Alzheimer’s Disease. Dementia	and	
Geriatric	Cognitive	Disorders,	32(1), 55-62.

O'Bryant, S. E., Xiao, G., Edwards, M., Devous, M., Gupta, V. A., Martins, R., 
Zhang, F., & Barber, R.; Texas Alzheimer's Research and Care Consortium 
(TARCC). (2013b). Biomarkers of Alzheimer's disease among Mexican 
Americans. Journal	of	Alzheimer's	Disease,	34(4), 841-849.

Ray, S., Britschqi, M., Herbert, C., Takeda-Uchimura, Y., Boxer, A., Blennow, 
K., Blennow, K., Friedman, L. F., Galasko, D. R., Jutel, M., Karydas, A., Kaye, J. 
A., Leszek, J., Miller, B. L., Minthon, L., Quinn, J. F., Rabinovici, G. D., Robin-
son, W. H., Sabbagh, M. N., So, Y. T., Sparks, D. L., Tabaton, M., Tinklenberg, 
J., Yesavage, J. A., Tibshirani, R., & Wyss-Coray, T. (2007). Classification and 
prediction of clinical Alzheimer's diagnosis based on plasma signaling 
proteins. Nature	Medicine,13(11),1359-1362.

Reddy, M. M., Wilson, R., Wilson, J., Connell, S., Gocke, A., Hynan, L., Ger-
man, D., & Kodadek, T. (2011). Identification of candidate IgG biomarkers 
for Alzheimer's disease via combinatorial library screening. Cell,	144(1), 
132-142.

Schneider, P., Hampel, H., & Buerger, K. (2009). Biological marker candi-
dates of alzheimer's disease in blood, plasma, and serum. CNS	Neurosci-
ence	and	Therapeutics,	15(4), 358-374.

Snyder, H. M., Carrillo, M. C., Grodstein, F., Henriksen, K., Jeromin, A., 
Lovestone, S., Mielke, M. M., O'Bryant, S., Sarasa, M., Sjogren, M., Soares, 
H., Teeling, J., Trushina, E., Ward, M., West, T., Bain, L. J., Shineman, D. W., 
Weiner, M., & Fillit, H. M. (2014). Developing novel blood-based biomark-
ers for Alzheimer's disease. Alzheimer's	&	Dementia,	10(1), 109-114.

Soares, H. D., Chen, Y., Sabbagh, M., Roher, A., Schrijvers, E., & Breteler, M. 
(2009). Identifying early markers of ALzhiemer’s disease using quantita-
tive multiplex proteomic immunoassay panels. Annuals	of	the	New	York	
Academy	of	Science,	1180, 56-76.

Soares, H. D., & Lovestone, S. (2014, in press). Biomarker utility in Alzheim-
er's disease clinical trials. Drug	Discovery	Today:	Therapeutic	Strategies.



Bulletin vol. 28 no. 2     |     33

Spotlight Corner
Silver Alert: A Recovery System for the Lost 
with Dementia
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and Meredeth Rowe, Ph.D.

Did you know that most states have a specific program devoted 
to recover individuals with dementia who become lost?  If so, do 
you share this information with your patients who have dementia 
as well as their families?  Of the 5.2 million people in the United 
States currently with Alzheimer’s disease or a related dementia 
(Thies, Bleiler, & Alzheimer’s, 2013), up to 54% (2.8 million) 
may become lost every year and are unable to return home on 
their own (Algase, 2006; Bowen, McKenzie, Steis, & Rowe, 2011; 
McShane, Keene, Fairburn, Jacoby, & Hope, 1998).  To enlist public 
assistance in locating missing endangered individuals, many 
states have developed programs, sometimes referred to as Silver 
Alerts, to aid local and/or state law enforcement in their efforts to 
safely recover missing persons.  Enacting a Silver Alert provides a 
coordinated response between local and state law enforcement 
and a mechanism to quickly broadcast important information 
to citizens so they may rapidly assist.  In some respects, these 
programs are analogous to the Amber Alert program that solicits 
the public’s assistance in the search and recovery of missing 
children. 

All states have some method for issuing alerts for people who 
are missing, but Silver Alert programs typically focus on older 
adults with cognitive impairment.  The history of the Silver Alert 
Act began in Oklahoma state legislature when Representative 
Fred Perry introduced legislation in 2005 to establish a Silver Alert 
program as an “Amber Alert for seniors.”  Silver Alert became 
official in 2009 in Oklahoma state law.  Over the last several 
years, 23 states have adopted the Silver Alert name into law and 
nine other states have similar programs that provide alerts for a 
range of ages or have a different program title (e.g., Golden Alert, 
Missing Vulnerable Adult Alert, Silver Alert, Endangered Silver 
Advisory, etc.). 

At the national level, there have been four unsuccessful attempts 
to pass a National Silver Alert Act starting with bills proposed in 
2008 (H.R. 6064) and 2009 (H.R. 632) House of Representatives 
and also in 2009 in the Senate (SB 557).  The latest attempt was in 
December of 2013, when U.S. Senators Manchin and Rockefeller 
(West Virginia), Coons (Delaware), Schumer (New York), McCaskill 
(Missouri), and Klobuchar (Minnesota) introduced Senate Bill SB 
1814 to create a nationwide network for locating missing adults 
and senior citizens, currently pending in Council (National Silver 
Alert Act of 2013 S. 1814).  The aim of the bill is “To encourage, 
enhance, and integrate Silver Alert plans throughout the United 
States and for other purposes.”  If passed, it would create a federal 
program modeled after the Amber Alert program and provide 
federal coordination and assistance to local and state law

enforcement agencies to find and recover older adults who 
become lost.  According to their bill, the National Silver Alert Act 
of 2013 would designate an official from the Department of Justice 
(DOJ) to serve as Coordinator, create a national communications 
network, develop alert standards, promote synergy with the 
existing Amber Alert communications network, and provide 
training and education for law enforcement and the community.   
Because each state and local jurisdiction has unique resources 
and needs, programs vary in their structure and utilization 
of technology.  Many states use dynamic message boards or 
electronic highway signs, local media, and communication 
between law enforcement to aid in the recovery of lost individuals. 
While highway signs are used to locate lost drivers, the large 
majority of older adults become lost “on foot” while conducting 
routine activities such as independent walks, trips into the 
community with a caregiver, or during unsupervised time at 
home.  Technology has produced a number of possible solutions 
for these individuals.  The Reverse 911® system, for example, 
aids in locating lost individuals by sending recorded emergency 
notifications via telephone to a specified geographic area or 
community.  There are several GPS tracking devices which can be 
in the form of wristbands, watches, phones, or even shoes.  “Low 
tech” approaches include MedicAlert® + Alzheimer’s Association 
Safe Return® Program in which individuals with dementia wear 
identification jewelry (e.g., bracelets), and Project Lifesaver, where 
individuals wear a small personal transmitter around the wrist or 
ankle that emits an individualized tracking signal.  Use of such 
technology often requires a monthly subscription by the individual 
or by a community. 

Although there is a relatively common misperception that there 
is a waiting period before one can report a missing person, it is 
important to know that there	is	no	waiting	period	before	calling	
911	to	report	a	missing	endangered	person	with	dementia.  If you 
are unfamiliar with your state program a valuable educational 
resource is the International Association of Chiefs of Police (IACP) 
Alzheimer’s Initiative website at http://www.theiacp.org/Missing-
Alzheimers-Disease-Patient which provides a state-by-state guide. 

Disclaimer:  Authors have no significant relationships, financial or 
otherwise, with any of the products discussed in this article.
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