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also cost-effective is a challenging enterprise. Large population-based studies often using administra-
tive data sets offer relatively inexpensive and reliable estimates of severe conditions includingmoderate
to advanced dementia that are useful for public health planning, but they canmiss less severe cognitive
impairment which may be the most effective point for intervention. Clinical and epidemiological co-
horts, intensively assessed, provide more sensitive detection of less severe cognitive impairment but
are often costly. In this article, several approaches to ascertainment are evaluated for validity, reliability,
and cost. In particular, the methods of ascertainment from the Health and Retirement Study are de-
scribed briefly, alongwith those of theAging,Demographics, andMemoryStudy (ADAMS).ADAMS,
a resource-intense sub-study of the Health and Retirement Study, was designed to provide diagnostic
accuracy among persons with more advanced dementia. A proposal to streamline future ADAMS as-
sessments is offered. Also considered are algorithmic and Web-based approaches to diagnosis that
can reduce the expense of clinical expertise and, in some contexts, can reduce the extent of data collec-
tion. These approaches are intended for intensively assessed epidemiological cohorts where goal is
valid and reliable case detection with efficient and cost-effective tools.
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1. Introduction

Alzheimer’s disease (AD) is an enormous public health
problem that is expected to markedly increase in the coming
decades with the aging of the post-World War II generation
in the United States and many other countries. Developing
strategies to delay the onset of the signs and symptoms of
AD is critical for disease prevention [1,2]. Although
longitudinal cohort studies and other population surveys
have contributed much to the current knowledge, very
large clinical trials will likely be needed in the future. In
fact, there will be upward cost pressures on the budgets of
the longitudinal cohort studies, the population surveys, and
the clinical trials, particularly those emphasizing
preclinical and mild impairment, as more biomarker
technology is used to assist in the diagnosis of AD and
other age-related causes of cognitive impairment, and as
sample sizes increase to accommodate the need to study sub-
jects aged ,65 years in addition to those aged �65 years.
Another major contributor to the costs of cohort studies
and clinical trials is the costs related to clinical diagnoses.
Several groups across the country have investigated a variety
of approaches to rein in such costs without compromising re-
liability or validity.

This article and also another [see Ref 3] pertain to reduc-
ing case ascertainment costs for large cohort studies, and are
applicable to primary and secondary prevention trials. Sec-
tions 2 and 3 pertain to the Health and Retirement Study
(HRS), a nationally representative cohort study of health, re-
tirement, and aging. In section 2, Weir draws on his experi-
ence with the HRS to emphasize the need for cost-effective
methods of case ascertainment in population-based studies
of prevalence and burden of disease. In section 3, Wallace,
Langa, and Plassman present a possible alternative approach
to the current methods of dementia assessment within the
HRS, by emphasizing more complete data collection by tele-
phone and other electronic means, and more intensive acqui-
sition of available clinical records. Sections 4, 5, and 6 are
more general and focus on aspects of the diagnostic process
itself. In section 4, Wilson and Bennett illustrate utility of
a cost-efficient algorithmic approach that combines
computer-based summaries of neuropsychological perfor-
mance tests with expert clinical judgment to generate diag-
noses of cognitive impairment, dementia, and AD, using
data from the Rush Religious Orders Study (ROS) and the
RushMemory and Aging Project (MAP). In section 5, Duara
and Loewenstein demonstrate the method by which a valid
consensus diagnosis (ConsDx) of dementia and predementia
states can be achieved with greater reliability and consider-
ably reduced effort and cost by avoiding the traditional con-
sensus deliberation and using instead a simple algorithm that
combines an independent neuropsychological diagnosis
(NPDx) and a functional assessment by a clinician. In sec-
tion 6, Ganguli offers a novel, Web-based approach to diag-
nosis and diagnostic consensus. This approach avoids the
logistic costs of, and saves time over, the typical live “con-
sensus conference” of experts; it adds standardization,
allows reliability to be monitored, and provides opportuni-
ties for finer-grained analyses of the components of expert
diagnosis. Finally, in section 7, the discussion, Sano pro-
vides a synthesis of the material laid out in the earlier sec-
tions, and offers some perspective of her own.
2. Need for cost-effective, case-ascertainment methods
in surveys of dementia: Experience of the HRS

Population surveys play an important role in improving
scientific understanding of the causes, consequences, and
morbidity levels of AD, dementia, and cognitive impair-
ment. These surveys are particularly valuable for under-
standing the context in which the disease occurs and
progresses, including its interaction with other conditions
and its effect on the families of those affected. However, sur-
vey planners must be concerned about the participation of
the cognitively impaired if they aim to represent adequately
that part of the older population. More than any other condi-
tion or characteristic, cognitive decline directly affects the
ability of a potential subject to participate in a survey be-
cause—by their nature—surveys are cognitively demanding
conversations.

An important issue in finding cost-effective, case-ascer-
tainment methods is deciding what should be measured.
AD, dementia, and cognitive impairment have multiple
causes and are complex diagnostic categories involving so-
cial functioning as well as cognitive ability. Identifying per-
sons with outright dementia and sub-categorizing those
attributable to AD would lead to one sort of study design.
A different design is required for potential identification of
milder cognitive impairments and/or all cases of AD (mild
to severe). Because of the much larger number of persons
with milder forms of cognitive impairment, designs to cap-
ture this group are necessarily more expensive unless the as-
sessment itself can be made much less costly.

In many surveys, clinical diagnosis involves a combina-
tion of cognitive testing, informant reporting, and clinical
judgment. Survey planners must decide the amount of
weight to place on each of those. Clinical judgment is the
most difficult and costly element to incorporate into surveys.
Informant reports raise concerns about inter-rater reliability
(i.e., some informants may report differently or have differ-
ent knowledge of the subject). Cognitive testing at a single
point in time also faces issues of reliability, especially if var-
iability in cognitive performance increases with cognitive
decline. Moreover, some subjects may not wish to be tested
precisely because they know their abilities have declined, re-
sulting in a biased sample.

The HRS started in 1992 with a cohort of individuals aged
51 to 61 years and was supplemented in 1993 with a cohort
of individuals aged �70 years, then referred to as the Asset
and Health Dynamics among the Oldest Old Study. Both
studies included a cognitive battery [4]. New cohorts were
added in 1998 to make the combined study representative
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of the U.S. population born before 1948, and in 2004 another
new cohort made it representative of the U.S. population
born before 1954. In this section, the HRS will be used to
comment on three critical case-ascertainment issues faced
in surveys of AD, dementia, and cognitive impairment in
the United States. The issues include nursing home cover-
age, selective nonparticipation because of cognitive difficul-
ties, and determination of diagnostic status. Each issue
relates to potential bias of survey results. For the third issue,
cost implications are also briefly considered.

In some community-based studies, especially cross-
sectional studies, the exclusion of nursing home residents
is done for practical reasons, but at the risk of bias, because
that group may include a substantial part of the cognitively
impaired population. The HRS at baseline did exclude nurs-
ing home residents. However, currently the HRS is a longitu-
dinal study, following all participants through the end of life.
Sample members are followed even if they subsequently en-
ter nursing homes. As a result, the HRS now fully represents
nursing home residents.

A second major contributor to bias is selective nonpartic-
ipation by cognitively impaired elderly people. The HRS in-
terview is cognitively demanding both for its length (�75
minutes) and the complexity of its multi-disciplinary con-
tent. To maintain coverage of the cognitively impaired, the
HRS makes use of proxy interviews. If a sample member
is unable or unwilling to participate in the HRS interview,
a proxy is sought who can answer on his or her behalf.
Most often this is a spouse or, in the absence of a spouse, an-
other family member. The importance of this can be seen in
Fig. 1 which maps response rate in the first follow-up wave
against cognitive score in the starting (baseline) wave. The
cognitive score is a measure of total recall (sum of words re-
called at immediate plus delayed recall from a list of 10). In-
cluding the proxy interviews in HRS, there is little
relationship between cognitive score and continued partici-
pation. The English Longitudinal Study of Aging (ELSA)
is, by design, quite similar to the HRS in its content and
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Fig. 1. The role of proxy interviewing in maintaining participation of the

cognitively impaired. The Health and Retirement Study versus the English

Longitudinal Study of Aging. “Total Recall at Starting Wave” refers to the

sum of words recalled at immediate plus delayed recall from a list of 10.

“Self-IWs” means only interviews taken with the respondents are included

(i.e., no proxy respondents). For interpretation of the references to color in

this figure legend, the reader is referred to the Web version of this article.
age coverage. However, proxies are generally not used. In
ELSA, the rates of nonresponse are verymuch related to pre-
vious cognitive measures. Finally, if the proxy interviews
from HRS were excluded (as if there had been no response),
the HRS and ELSA curves look quite similar.

The third case-ascertainment issue is the difficulty of de-
termining diagnostic status. Many chronic conditions are
commonly diagnosed in the healthcare system, and survey
participants can and do report them accurately. However,
cognitive impairment is not systematically diagnosed, and
many people with diagnosable impairment either do not
know or do not report it. The advantage of proxy interviews
is that persons with cognitive impairment do not disappear
from the study. Many aspects of their lives, including their
other health conditions, use of medical services and informal
care, and economic circumstances, can be reported by prox-
ies. What is lost however, is the direct measurement of their
cognitive abilities. The HRS uses several proxy-reported
measures, including the Jorm Informant Questionnaire on
Cognitive Decline in the Elderly, to assess the cognitive sta-
tus of a sample member through a proxy interview [5].

Both the HRS cognitive score for self-respondents and
the Informant Questionnaire on Cognitive Decline in the El-
derly for proxied cases provide a useful ranking of partici-
pants by cognitive status that can be used for important
questions like the costs to the family of formal and informal
care for persons with cognitive impairment [6,7]. The survey
measures are, however, far short of a medical diagnosis of
AD or dementia. To bridge that gap, an HRS supplemental
study known as the Aging, Demographics, and Memory
Study (ADAMS) was undertaken. In ADAMS, the HRS
cognitive and proxy measures were used to stratify the
sample of subjects aged .70 years by cognitive status and
then participants were selected within each stratum to
receive a comprehensive in-home evaluation leading to a re-
search diagnosis of dementia, cognitive impairment not de-
mentia (CIND), or no cognitive impairment (NCI) [8].
ADAMS found a prevalence of 13.7% demented and
22.2% CIND in the population age �71 years [9,10]. AD
was identified as a subtype of dementia at a prevalence of
9.7%.

The ADAMS diagnostic categories correspond to distinct
levels of morbidity and this can be noted in outcomes follow-
ing the ADAMS assessment. At the next HRS wave in 2004,
daily care hours were 0.7 for normal cognition, 2.8 for
CIND, and 7.3 for the demented. Mortality risk was 2.6
times higher for CIND and 5.7 times higher for demented
versus the normals. The CIND group, which is roughly twice
as large as the demented group, is thus very different from
both the normal cognition group and those with diagnosed
dementia.

ADAMS provides useful insight into the strengths and
limitations of self-report in the HRS. Of those diagnosed
with dementia in ADAMS, only 40% had previously re-
ported in HRS that they had been diagnosed with a mem-
ory-related disease (and only 4% of those with CIND).
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During the ADAMS assessment, only 47% of individuals
with dementia and 7% of individuals with CIND reported
(through proxy respondents) that they had seen a doctor
for memory problems. This may reflect reporting bias at
least as much as it does under-diagnosis or under-
treatment. Another study found 85% of ADAMS cases diag-
nosed as demented had a Medicare claim with a dementia-
related diagnosis [11]. The percentage was much lower for
individuals with CIND.

At the present time, with limited medical treatment op-
tions available for cognitive impairment, the use of self-
report survey measures is clearly inadequate. By contrast,
survey-based cognitive measurements can be valuable. The
HRS-based cognitive status strata used to draw the ADAMS
sample had a strong correlation with the eventual ADAMS
diagnosis (ADAMS assessments were blinded to the sample
strata), accounting for half of the variance in diagnosis.
There is an enormous difference in cost between adding
a few cognitive measures to a survey like HRS, and conduct-
ing a rigorous diagnostic protocol like ADAMS. The chal-
lenge ahead is to find more cost-effective designs (see
section 3).

It seems likely that the way forward for case ascertain-
ment in surveys will involve a multi-stage screening process,
or what might also be termed an adaptive testing process.
Many persons can be determined to be unimpaired with rel-
atively minimal testing. Many definite dementia cases may
be identifiable through Medicare records or relatively inex-
pensive follow-up interviews with informants. The difficult
cases are those at the borderlines between normal and mild
impairment and between mild impairment and dementia.
Those are the cases for which the most extensive testing
will be needed for definitive ascertainment.
Fig. 2. Subject progress through the alternative protocol for theAging,Demo-

graphics, and Memory Study. For interpretation of the references to color in

this figure legend, the reader is referred to the Web version of this article.
3. An alternative protocol to study dementia occurrence
in the HRS

Over the past decade, the HRS has included a population
sub-study of AD, dementia, and cognitive impairment
among persons aged �71 years [12]. The sub-study,
ADAMS (see section 2), has produced important findings
on the prevalence and incidence of AD, vascular dementia,
dementia, and cognitive impairment in the U.S. population
[9,10]. In addition, data are emerging from ADAMS on
the antecedents and outcomes of the dementia syndrome
[13–16]. ADAMS, with its national coverage and
comprehensive case-finding approach, is unique in the
United States. Other U.S. population-based studies with
comparable aims and credible case-finding strategies are
confined to local communities.

The ADAMS approach to case-finding includes home
visits by a nurse and neuropsychological technician, who
perform, among other things, a clinical and cognitive history
from both participants and proxy respondents, and extensive
neuropsychological and neurological testing. The methods
have been previously described [8], and the data from
ADAMS are available on the HRS Web site (www.
hrsonline.isr.umich.edu). The data collected at the home
visits allow an in-depth assessment of cognitive function
and illnesses, although without neuro imaging or a standard
battery of laboratory tests.

Because ADAMS is a subsample of the HRS, it has the
great advantage of having a nationally-referent study popu-
lation, as well as possessing a great deal of earlier participant
information, including dementia screening instrument find-
ings. However, despite these important strengths, the meth-
odology of ADAMS is resource-intensive, requiring
a substantial amount of time to arrange the home visits in ad-
vance. There are usually incumbent airfares and hotel and
staff costs to conduct the home-based study evaluations. In
addition, perhaps not unexpected because of advanced age
and frequent cognitive impairment of participants, the
ADAMS home visit participation rate of 56% [9] was less
than hoped. Thus, despite the detailed information collected
in ADAMS, more efficient methods for widely distributed
populations would allow a lower cost alternative when re-
sources are scarce.

http://www.hrsonline.isr.umich.edu
http://www.hrsonline.isr.umich.edu
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In this section, one such possibility is described—a plan
to do more assessment by telephone. The plan, which in-
volves six steps, would require future validation of the pro-
posed methods. The steps are given later in the text and are
also depicted in Fig. 2. They attempt to address special is-
sues that begin with the HRS source population. Essentially,
designated ADAMS participants would be treated as others
in the general HRS protocol. That is, except for possible val-
idation visits, no additional home visits would be conducted.

3.1. Step 1

Sample participants would be reached first by telephone.
Consents would be obtained from the primary participant
and one proxy respondent. A preliminary interview would
then be conducted with both the primary and proxy respon-
dents so as to assist in gathering ancillary information and
available community medical records. These records might
include primary and referral physician records, and insur-
ance claims data, including from Medicare if available.

3.2. Step 2

The current physical and cognitive health of the primary
respondent would be ascertained using screening items that
cover such items as being in bed more than half of each day,
use of analgesics and other psychotropic medications, and
general adequacy of food intake.

3.3. Step 3

Further evaluation of the primary respondent for delir-
ium, mental illness, and other impediments to interviewabil-
ity would be performed using standardized instruments. Two
of the most important conditions that may mimic dementia
are depression and delirium. Both conditions can be reliably
screened using proxy respondents and established instru-
ments [17,18], particularly emphasizing levels of alertness
and consciousness. Determination of, or at least screening
for, major concurrent psychological and psychiatric
conditions is paramount, because they may be the causes
of “pseudo-dementia” as well as a result of the dementing
processes [19,20].

If for any reason the primary respondent is deemed un-
suitable for cognitive testing or more standardized data col-
lection, the remainder of the information would be collected
from the proxy respondent(s), as is done in the full ADAMS
protocol. Assembled preliminary information would then be
evaluated to decide the remaining steps.

3.4. Step 4

If needed, the proxy respondent would be fully inter-
viewed to obtain a clinical and cognitive history of the pri-
mary participant, and all additional relevant clinical
records would be sought. A proxy cognition evaluation
would be conducted if indicated, and possible additional
proxy respondents would be identified for interview if fur-
ther observations would be informative. Data from previous
HRS waves could be particularly important here to provide
context to the new data collection. For example, the trajec-
tory of decline in instrumental activities of daily living
(IADLs) could help validate new information collected on
the emergence of dementia [21].
3.5. Step 5

If feasible, the primary respondent would be interviewed,
maximizing the content of the full ADAMS protocol that
was adapted by telephone. Additionally, if the respondent
has a computer available, cognitive testing via the Internet
could be explored and could facilitate testing to those that re-
quire visualization. Even without visual testing, many cogni-
tive tests have been adapted for telephone use, including
assessment of executive function. It may be possible to
hone the testing protocol by evaluating various versions or
possibly seeking local professional psychological testing
services. In addition, a personal history of neurological as
well as cognitive symptoms and impairment would be
sought, including conditions and exposures relevant to the
onset or progression of dementia, such as hypertension,
stroke, alcoholism, head trauma, Parkinson’s disease, cogni-
tive impairment acquired early in life, and certain hazardous
occupational or other environmental exposures.
3.6. Step 6

In the final phase of the evaluation, an adjudication panel
would review collected information, at first blind to medical
records and reports of community diagnoses, and then using
all available information, as in the parent ADAMS protocol,
yielding the research cognitive diagnosis for analytical pur-
poses.

It is likely that this six-step alternative approach to data
collection in ADAMS will yield substantial data collection
cost savings for each target respondent studied. Although
a formal cost evaluation was not conducted, the savings in
travel-related staff and logistical expenses would likely de-
crease the overall cost by about 20%. It is possible that staff
time related to conducting telephone interviews would in-
crease, so the actual cost savings would have to be evaluated
through a pilot study.

Despite the efficiencies that are likely to be realized by
the aforementioned proposal, there are potential important
limitations that should be considered which are as follows:
(1) In most instances there will be no direct professional ob-
servation of the participant’s level of illness or responsive-
ness to test items or clinical condition. (e.g., there would
be no direct observation of participant use of external cues
during testing—such as writing down items.); (2) no new
biomarker specimen could be directly obtained, although
clinical specimens of participants could be obtained by other
means; (3) testing may be more difficult than in person if the
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respondent has auditory disability or has other difficulty us-
ing the telephone; (4) there may be a few desirable cognitive
tests that are impractical to administer, such as those requir-
ing direct and visual participation (writing or drawing), and
for which computer-aided or proxy-administered testing is
not feasible. (How much diagnostic information would be
lost must be evaluated in validation studies.); (5) no neuro-
logical observation or examination could be performed.
This will possibly make diagnosis of some dementia sub-
types more difficult.

Clearly, there are some potentially important limitations
associated with these proposed survey methods, but how dif-
ferent population prevalence estimates would be vis-�a-vis
the full ADAMS methodology is unclear, and a well-
designed validation and/or pilot study is indicated. A hybrid
protocol is also possible, that is when dementia status is un-
certain, a home visit with an elaborated protocol could be
conducted. Alternatively, in this circumstance, participants
could be referred to the nearest appropriate medical center
for a fuller evaluation, given that early diagnosis of previ-
ously undiagnosed dementia may be of value to the partici-
pant and to the family. In the future, new biomarkers related
to dementing illnesses may aid in the remote diagnosis of
this important, disabling, and fatal disorder. In that regard,
the availability in the HRS cohort of genome-wide single nu-
cleotide polymorphism determinations may allow additional
diagnostic power.
4. Cost-efficient approach to dementia diagnosis in
epidemiological cohort studies

Longitudinal studies of AD are expensive partly because
of the costs associated with clinical classification of AD, de-
mentia, and mild cognitive impairment (MCI). The standard
model adopted in most studies is comparable with evalua-
tions performed in tertiary care clinical settings. The core el-
ements of the clinical evaluation—history, neurological
examination, and cognitive testing—are supplemented
with other procedures including blood work, brain scan, in-
formant interview, and diagnostic case conference. How-
ever, the needs of longitudinal research differ from those
of clinical practice. In particular, it is imperative to maintain
uniformity in procedures across clinicians and time to min-
imize random variability in clinical classification and to al-
low for examination of possible change in disease
occurrence over time [22]. This is essential to ensure that
the relation between an exposure and outcomes, in either ob-
servational studies or intervention trials, is not the result of
variability in the diagnostic process. Further, procedures
should be transparent to facilitate investigation of the effect
of specific criteria on diagnostic classification and compari-
son of findings across studies performed in different cohorts.
Clinical decision making systems with these properties have
been developed to diagnose psychiatric conditions [23,24].
In the early 1990s at the Rush Alzheimer’s Disease Center
(Chicago, IL), a clinical classification system was
developed to enhance uniformity, transparency, and
efficiency in the diagnosis of AD, dementia, and MCI.
Over more than 15 years, this clinical classification system
has been implemented in several ongoing longitudinal
cohort studies involving thousands of participants and tens
of thousands of clinical evaluations.

The standard clinical evaluation used in most longitudinal
studies at Rush consists of a structured medical history, neu-
rological examination, and cognitive performance testing.
Data are collected on laptop computers with forms pro-
grammed in Blaise, a Pascal-based data entry system. The
medical history focuses on conditions with the potential to
impair cognitive function such as depression, cardiovascular
disease, and head injury. A complete neurological examina-
tion is administered by specially trained nurses [25]. A bat-
tery of cognitive tests is administered in an approximately
45-minute session by a research assistant. The evaluation
does not include an informant interview, blood work, or
brain scan, procedures often included in dementia evalua-
tions conducted at tertiary care centers, nor are routine
case conferences used.

A key issue in clinical classification of dementia by the
National Institute of Neurological and Communicative Dis-
orders and Stroke and Alzheimer’s Disease and Related Dis-
orders Association criteria [26] is determining whether
functioning in different cognitive domains is impaired. To
enhance uniformity in these determinations across clinical
decision makers and time, an algorithm was developed for
rating impairment in the following five cognitive domains:
orientation, attention, memory, language, and visuospatial
ability [27,28]. The algorithm was designed to mimic the
expert clinical judgments of an experienced neurologist
(D.A.B.) and neuropsychologist (R.S.W.). Cutoff scores
were selected to identify impairment on 11 widely used
cognitive measures at four educational levels (0–7 years,
8–11 years, 12–15 years, 161 years), and rules were
developed for converting the test impairment data to
ratings of impairment in the five cognitive domains. The
algorithm was then pilot tested against expert judgment.
Because the agreement was far from perfect, the cutoff
scores and algorithm rules were adjusted, its agreement
with clinical judgment was retested, and the process was
repeated until there was adequate agreement between the
algorithm and clinicians.

After a clinical evaluation is completed, the neuropsy-
chologist reviews the cognitive test data plus information
on years of education and sensory or motor impairment
and then either agrees or disagrees with the impairment rat-
ings of algorithm for each of the five cognitive domains. In
the event of disagreement, the neuropsychologist provides
a new rating and the reasons for disagreement (e.g., visually
impaired). On completion of this process, the cognitive test
results are considered consistent with dementia if aminimum
of three of the five domains were impaired (and with AD if
one of the domains was memory) and inconsistent if zero or
one domain was impaired. If two domains were impaired,
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the neuropsychologist rates dementia and AD as present
(probable or highly probable) or absent (possible or not pres-
ent). Subsequently, an experienced physician or nurse clini-
cian reviews all clinical data and briefly examines the
participant before determining whether the person has expe-
rienced a meaningful decline from a previously higher level
of cognitive functioning. This clinical determination is
based on several factors, particularly self report of memory
impairment, previously shown to be related to AD pathology
in the ROS [29], and performance on cognitive testing that is
lower than expected for a given educational level, as summa-
rized by the educationally adjusted impairment ratings for
cognitive tests and domains. If necessary, the system can
be implemented in the absence of the brief clinical evalua-
tion.

A second algorithm classified subjects with respect to de-
mentia (history of cognitive decline, at least two impaired
cognitive domains on testing), AD (dementia includes mem-
ory impairment), and MCI (no dementia, at least one im-
paired cognitive domain). The clinician agrees or disagrees
and in the latter case provides a new rating and reasons for
disagreement.

Although diagnoses in this system are guided by algo-
rithms, clinicians make the final diagnostic decisions. Be-
cause the neuropsychologist and physician and/or nurse
practitioner make their decisions sequentially, case confer-
ences are not routinely required. Further, because the al-
gorithms are based on expert judgment, disagreement is
relatively uncommon and clinical effort focuses more on
cases with missing data or other specific problems. As
a result, substantially less clinician time is expended per
case.

In the remainder of the section, data are presented from
the ROS [30] and MAP [31] on the agreement of clinical di-
agnosis of AD from this system with pathological diagnosis
[28]. Additional data are then presented on the relation of ge-
netic and experiential risk factors to AD to illustrate the sim-
ilarity of findings using this system with studies using other
more labor-intensive diagnostic systems.

As reported in more detail elsewhere [28], of the 452
completed autopsies in ROS and MAP, 141 were clinically
diagnosed with probable AD proximate to death and 128
(91%)met the National Institute on Aging-Reagan patholog-
ical criteria for a high or intermediate likelihood of AD. By
way of comparison, data were examined from the Rush Alz-
heimer’s Disease Center’s memory clinic, where the stan-
dard dementia evaluation includes an informant interview,
blood work, brain scan, and case conference. Of 428 com-
pleted autopsies from the memory clinic, 306 met clinical
criteria for probable AD and 286 (93%) had a high or inter-
mediate likelihood of AD on autopsy.

There were 37 completed autopsies from the two epide-
miological studies of individuals with a clinical diagnosis
of possible AD (i.e., meet criteria for AD and had another
condition contributing to cognitive impairment). On au-
topsy, 23 (62%) had a high or intermediate likelihood of
AD. Of 54 completed autopsies from the memory clinic of
persons diagnosed with possible AD, 48 (89%) meet AD
pathological criteria.

Overall, the algorithmic clinical diagnosis of AD showed
good agreement with the pathological diagnosis. The level
of clinical-pathological agreement in the epidemiological
cases was roughly comparable with the level observed in
persons from a memory clinic whose AD was diagnosed af-
ter a more extensive clinical evaluation.

Inheritance of at least one copy of the apolipoprotein E 34
(ApoE-34) allele has been associated with incidence of AD
in studies using a comprehensive dementia evaluation
[32,33]. In ROS, the association of 34 with incident MCI
[34] and AD [35] was consistent with previous AD research
and with its association with accelerated cognitive decline in
the same cohort.

Research based on comprehensive dementia evaluations
has found that persons with higher levels of depressive symp-
toms are more likely to develop AD [36,37]. The same
relationship has been observed in ROS using the
algorithmically guided diagnostic system, further supported
by the association of depressive symptoms with cognitive
decline [38].

Type 2 diabetes mellitus has been linked to an increased
risk of dementia in studies using intensive diagnostic sys-
tems [39,40]. In ROS, persons with diabetes were more
likely to develop AD than persons without diabetes and
they experienced more rapid cognitive decline [41].

The relation of engagement in cognitively stimulating ac-
tivities has been linked to risk of AD in several studies
[42,43]. In ROS [44] and MAP [45], persons with higher
levels of engagement in cognitively stimulating activities
were less likely to develop incident AD or MCI, and they ex-
perienced a slower rate of cognitive decline.

These examples support the validity of the algorithmi-
cally guided diagnoses of AD and dementia. That is, the as-
sociation of risk factors with these diagnoses is consistent
with external data using more labor-intensive diagnostic sys-
tems and with internal data using cognitive decline as a com-
plementary outcome.

Diagnostic classification is a complex decision-making
process. The use of algorithms to guide diagnostic classifi-
cation has several advantages. The most important one is
that structuring the decision-making process reduces ran-
dom variability, drift, and bias across time and clinicians.
Further, an algorithm takes advantage of more information.
Without such structure, individual clinicians often use heu-
ristics, thereby making consensus diagnostic conferences
essential. Thus, a practical advantage is that the system re-
quires far less clinician time, markedly reducing the direct
and opportunity costs of the most expensive data collectors
in longitudinal cohort studies of aging and AD. The algo-
rithmically guided classification system presented here
has been used in several epidemiological studies of aging
and AD. Thus far, research suggests that it has adequate
performance properties.
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5. Assessing the reliability and validity of an algorithm
for the diagnosis of dementia and MCI

AD has a prodromal phase that involves progressive im-
pairments in cognitive and functional abilities, from a cogni-
tively normal stage to MCI, and eventually, dementia [46–
50]. This has led to proposals for making an accurate
diagnosis of AD well before criteria for dementia are
fulfilled [47–49]. The diagnosis of AD during the
predementia stage, including the amnestic MCI (aMCI)
stage [51], has considerable potential for enabling pharma-
cological and nonpharmacological interventions to be intro-
duced when they are likely to be more effective. However,
because of the introduction of new criteria [52] for diagnos-
ing these predementia states, it is becoming evident that
there is considerable variability among clinicians and re-
search teams for determining thresholds for making these di-
agnoses [53–58]. These differences in thresholds are likely
to translate into considerable variability in predictive
potential for a given diagnosis, such as aMCI.

Traditionally, the diagnosis of normal cognition, MCI,
and dementia is based on a combination of a physician’s di-
agnosis, which itself is based on informant’s reports of cog-
nitive and functional impairment and a clinical evaluation,
reconciled with a NPDx rendered by a psychologist. The
typical ConsDx is labor intensive and influenced by the phi-
losophy, personality, discipline, and inherent biases of the
individual clinicians involved [59,60]. Methods that may
ensure high inter-individual and inter-site reliability in diag-
nosing predementia states and mild dementia should require
fewer subjects with greater power to obtain reliable results
for clinical, epidemiological, and especially longitudinal
studies. Algorithmic approaches to making consensus diag-
noses have been used successfully, showing high concor-
dance rates to physician reviews, even in population-based
studies [61].

Duara et al developed a diagnostic algorithm to identify
individuals as cognitively normal, with MCI, or with demen-
tia [62]. This algorithmic approach may be expanded to pro-
vide reliable diagnoses of cognitive states that precede MCI.
The remainder of this section is devoted to a description of
the testing to validate the algorithm.

A total of 532 English- and Spanish-speaking, elderly,
community-dwelling subjects, aged 52 to 92 years, were
recruited by advertisement for a memory-screening study
and from a memory disorders clinic. All subjects were as-
signed a Physician’s Cognitive Diagnosis (PhysDx)—NCI,
MCI, or dementia—by the examining physician (who was
skilled in diagnosing dementia and MCI) on the basis of
the entire clinical history of the subject (obtained in En-
glish or Spanish), including his/her functional status,
Mini-Mental State Examination (MMSE) score [63], and
sub-scores. Factors that could influence the physician’s im-
pression about the cognitive and functional abilities of the
subject, such as educational and cultural background, vi-
sual and hearing deficits, language and speech disorders,
general medical, neurological and psychiatric conditions,
and the perceived reliability of the informant were taken
into consideration.

Each subject in the study was administered a neuropsy-
chological test battery in his/her native language (English
or Spanish). To assess memory, the three-trial Fuld Object
Memory Evaluation [64] and Delay Recall of the Wechsler
Memory Scale-R [65] were used. Tests of nonmemory func-
tion included category fluency (language function) [66], let-
ter fluency (executive and language function) [67], Block
Design-WAIS-III (visuospatial skills) [68], Trails B (execu-
tive function) [69], and Similarities-WAIS-R (executive
function) [68]. Neuropsychological classification (NPDx)
was achieved using methods developed by Loewenstein et
al [70]. The nomenclature used for NPDx was as follows:
NCI, nonamnestic MCI (naMCI, single or multi-domain),
aMCI (single or multi-domain), and dementia.

The threshold for MCI was a test score of �1.5 standard
deviation (SD) below expected normative values, accounting
for age, educational level, and language of administration,
and was based on a large co-normed normative database
used in previous studies [70–72]. The 1.5 SD cut-score is
typically the cutoff used for MCI [51]. The threshold for de-
mentia was a score that was�2.0 SD below expected norma-
tive values in at least one memory and at least one
nonmemory test. This corresponds to a confirmation of a de-
mentia syndrome at or below the fifth percentile specified by
National Institute of Neurological and Communicative Dis-
orders and Stroke and Alzheimer’s Disease and Related Dis-
orders Association criteria [26,51,73].

The National Alzheimer’s Coordinating Center/Uniform
Data Set (NACC/UDS) D1 diagnosis nomenclature [52]
was used for making the final cognitive diagnosis, using,
(a) the traditional ConsDx, and (b), the algorithmic diagnosis
(AlgDx).

(a) The ConsDx was derived by discussions between the
physician and neuropsychologist in a consensusmeet-
ing. These two individuals reviewed the clinical his-
tory of the subject, Cinical Dementia Rating (CDR)
scores [73,74], and results of neuropsychological
evaluation, taking into account any factors that may
have influenced the testing.

(b) The AlgDx was derived by combining the PhyDx
with the NPDx, using a computational algorithm
that provided the final cognitive diagnosis, as defined
by NACC/UDS nomenclature (Table 1). The validity
of the AlgDx was assessed by its concordance with
the ConsDx, and by its correspondence to two bio-
markers closely associated with the presence of
AD, namely, medial temporal atrophy (MTA) [75–
78] scores from brain magnetic resonance imaging
scans, and APOE 34 genotype [79] (biomarkers of
AD were used because AD, alone or in combination
with other causes, is by far the most common cause of
progressive aMCI or dementia [80]).



Table 1

Algorithm for combining the physician’s diagnosis with the

neuropsychological diagnosis to derive the algorithmic diagnosis

Physician’s

diagnosis

Neuropsychological diagnosis

Normal Nonamnestic MCI Amnestic MCI Dementia

Normal Normal Normal Normal MCI

MCI Normal MCI MCI MCI

Dementia MCI MCI Dementia Dementia

MCI, mild cognitive impairment.

D.R. Weir et al. / Alzheimer’s & Dementia 7 (2011) 94–109102
The inter-rater reliability of PhysDx and NPDx was as-
sessed for two separate physician/neuropsychologist teams,
who independently assessed the same 30 subjects (10 with
NCI, 10 with MCI, and 10 with dementia). The inter-rater re-
liability for PhysDx, measured by Cohen’s weighted kappa
[81], was 0.69 (standard error [SE] 5 0.11) (agreement was
70% for NCI, 70% for MCI, and 80% for dementia) and for
the NPDx was 0.88 (SE 5 0.07) (agreement was 89% for
NCI, 91% for MCI, and 88% for dementia). Finally, the
inter-rater reliability for ConsDxwas 0.78 (SE5 0.07) (agree-
ment was 90% for NCI, 70% forMCI, and 80% for dementia).

The concordance of the AlgDx to the same ConsDx cat-
egories ranged from 85% to 92%. AlgDx and ConsDx were
the same for 88.2% of NCI, 85.1% of aMCI, and 90.9% of
dementia cases. Cohen’s weighted kappa for agreement
was 0.84 (SE 5 0.02), which was a high concordance be-
tween the two approaches.

Most of this subject sample had MTA data (427 cases) and
ApoE-34 genotyping (314 subjects). Using the AlgDx classi-
fication, post hoc Sidak tests of means indicated that subjects
diagnosed with aMCI had higher mean MTA scores (0.944;
SD, 0.76) in comparison with NCI subjects (0.632; SD,
0.69), and dementia subjects had higher MTA scores (1.78;
SD, 1.10) in comparison with subjects in the other two diag-
nostic groups (F(3,423) 5 41.02; P , .001). With regard to
34 frequencies, there were statistically significant differences
between groups (c2 [df5 3]5 31.33; P, .001). Subjects di-
agnosed with dementia had the highest 34 frequency (34.9%),
followed by aMCI (28.3%) and NCI (12.9%) subjects.

The AlgDX was developed with the goal of having a uni-
fied method of incorporating elements from the medical and
neuropsychological examinations, with clear decision-
making rules used across varying diagnostic teams. The
data suggest that the AlgDx provides a simple, reliable,
and valid alternative to the classical ConsDx of cognitive im-
pairment. As such, AlgDx may have particular utility for
longitudinal, multi-site clinical trials, and population-based
studies ofMCI and dementia. It is apparent that increased re-
liability, brevity, convenience, and equivalent validity of the
AlgDx makes it an appropriate and a potentially cost-
effective approach for diagnosing MCI and other predemen-
tia states, as well as early dementia.

The AlgDx of normal cognition, MCI, and dementia is
a valid alternative that reduces time, effort, and biases asso-
ciated with the ConsDx. Given the inherent reliability of
a fixed algorithm, its user friendly nature and coupled with
demonstrated efficiency and avoidance of individual bias,
the application of the AlgDx in clinical and epidemiological
research is worthy of further study.
6. AWeb-based approach to diagnostic consensus:
Experience of the Monongahela-Youghiogheny Healthy
Aging Team Project

For research diagnosis in conditions such as AD, in which
there is no single definitive diagnostic test, many clinical re-
search centers rely on a process of data review, adjudication,
and consensus by a multi-disciplinary panel of expert clini-
cians [82–84]. The panel meets in real time to review
detailed information on various aspects of the clinical and
laboratory assessment of a given patient, discuss the
findings, and, render a consensus diagnosis using
standardized criteria. This process allows data of each
study participant to be individually considered in detail,
bringing to bear a wealth of collective clinical expertise
and judgment. However, it involves the cost of the time
spent by experts in the meeting, the inefficiency of
scheduling meetings at a time and location that all experts
can attend, and the near impossibility of including experts
at different sites.

Research diagnosis poses different challenges in popula-
tion studies. Participants are often interviewed and examined
in their homes or other locations remote from the academic
center; assessments are often conducted by raters who are
well-trained research personnel but not expert clinicians.
When these assessments followhighly standardizedprotocols,
the resulting data canbe reviewedbyexpertswhohavenot per-
sonally examined the participants [85,86]. Nevertheless, for
multiple experts to review the same data and come to
consensus, it is still the norm for a live consensus
conference or a teleconference to be implemented, with the
same constraints of cost and scheduling.

In this section, an initiative to establish a process of Web-
based diagnostic consensus within a population study is
reported. The objective was to involve clinical experts in re-
viewing and rating standardized assessment data in a manner
that would eliminate scheduling constraints, minimize cost
once the infrastructure was established, and also yield data
for analysis beyond the diagnosis itself.
6.1. Study site, sample, assessment

The Monongahela-Youghiogheny Healthy Aging Team
(MYHAT) Project is a population-based study of the epide-
miology of MCI, conducted in a group of small-town com-
munities near Pittsburgh, in southwestern Pennsylvania.
All study procedures including the Web-based process are
approved annually by the University of Pittsburgh Institu-
tional ReviewBoard. Sampling, recruitment, and assessment
of the study cohort have been described previously [87,88].
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6.1.1. Selection of variables for online consensus Web site
The assessment protocol was reviewed to select variables

that were judged to contribute to the desired ratings and di-
agnostic impressions. These data points were categorized in
the following four groups: (1) demographic and background
characteristics: age, gender, education, primary occupation,
reading level and estimated intelligence quotient, hearing,
and vision; (2) variables relevant to the CDR [73]: subjective
complaints, ADLs, instrumental activities of daily living, de-
pressive symptoms, medication management, social engage-
ment, and judgment; (3) variables relevant to cognitive
classification: participant’s scores on all tests in the neuro-
psychological battery; (4) variables relevant to etiological
diagnosis: health history, medications, physical and neuro-
logical examination, and neuroimaging reports if any.

6.1.2. Structure and sequence of Web pages
Designated raters log into a secure Web site and select,

from a drop-down menu, one subject at a time for rating.
The subject is identified by an identification (ID) number
(Study ID) and the annual cycle during which the posted
data were collected. Clicking on the Study ID leads the rater
Fig. 3. Schematic diagram of online diagnostic consensus process used in the Mo
to a series of pages containing data from that participant. A
schematic diagram of the sequence is shown in Fig. 3.

The first page viewed displays variables from the first two
categories mentioned earlier. The MMSE [63] total score is
visible on this page; clicking on the legend “MMSE” opens
a table where item-by-item MMSE scores are provided. The
same option is available for ADL and other impairment
scales. At the bottom of this page, a link is provided to
“make your Clinical Dementia Rating.” Clicking on this
link opens a page where a link is provided to theWashington
University CDR scoring algorithm [89] to calculate the CDR
summary score on the basis of individual “box scores.” Be-
low this is a menu to choose a selection for a required CDR
rating of 0, 0.5, 1, 2, or 3; an optional free text field for com-
ments, if any; and a menu to choose a required certainty rat-
ing ranging from 1 (not at all certain) to 5 (absolutely
certain). Clicking on an icon to save these ratings leads the
rater to the next page.

The following page is devoted to cognitive classification,
containing the neuropsychological information. Note that
the rater has already completed the CDR, based on everyday
functioning, before viewing the neuropsychological data. On
nongahela-Youghiogheny Healthy Aging Team Project.
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the cognitive page, tests are categorized by the correspond-
ing principal cognitive domain, i.e. attention/processing
speed, executive function, memory, language, and visuospa-
tial function. For each test, the table provides the partici-
pant’s score alongside the mean, standard deviation, and
seventh percentile score (equivalent to 1.5 SD below the
mean) for the participant’s age-gender-education group. If
desired, the rater can click on the name of the test to view
a table showing MYHAT cohort norms on that test. Clicking
on “Clock Drawing” displays a scanned image of that partic-
ipant’s clock drawing. At the bottom of this page is a link to
click to “Make your Cognitive Classification.” The choices
provided include normal, focal aMCI, multi-domain aMCI,
focal naMCI, multi-domain naMCI, and moderate to severe
cognitive impairment (aka dementia). Again, the rater se-
lects the cognitive classification and certainty level; com-
ments are optional.

The final page is devoted to etiologically relevant infor-
mation and includes the fourth category of variables listed
earlier; by this time the rater has already viewed the CDR
and cognitive data and is able to take all information into ac-
count when rendering the etiological diagnosis. The rater
clicks on “Make your Etiological Diagnosis.” Again, the eti-
ological choice and the certainty ratings are required; addi-
tional comments, including etiological options not listed in
the menu, are optional (Fig. 4).

When the rater has completed all three ratings, clicking on
a link to return to the home page saves all these ratings to the
database. An asterisk now appears next to the Study ID, indi-
cating that this rater has already dated that case. Now, click-
ing on the ID allows the rater to view ratings that other raters
Fig. 4. Screenshot of Web page for etiological diagnosis. The Monongahela-Yough

color in this figure legend, the reader is referred to the Web version of this article
have completed on the same case, and to revise his ratings if
so desired. The original ratings are also saved.

6.1.3. Web development details
The Web site was developed using Microsoft SharePoint

with Web parts developed in Visual Studio.Net. (Microsoft,
Inc., Seattle, WA, 2008). It is estimated that building the
Web site required 320 hours (8 weeks) of programmer
time, and, subsequently, 1 hour per week of systems admin-
istrator time for server upkeep, security, and Web site modi-
fications. The Web site requires 128-bit secure socket layer
encryption as well as full authentication using domain ac-
counts and passwords. Raters are identified automatically
within the database and all ratings, including any changes
in ratings, confidence or comments are logged. Research sub-
jects are only identified by Study ID. No caching or cookies
are stored on the rater’s workstation.

6.2. Conclusions

The familiar, widely established, live expert consensus
process is not usually well-described or highly standardized,
with rare published exceptions [85,86]. Previous studies
have reported inter-rater agreement on diagnoses by individ-
ual clinicians [84] and stability or validity of diagnosis after
examination of neuroimaging and neuropathological data
[85,86]. Few, if any, reports describe the consensus
diagnosis process itself or the relative contribution of its
various components. The authors are aware of two
previous efforts at Web-based diagnosis. One was designed
to examine inter-rater agreement in pathology diagnosis,
and was accomplished by adding annotations to an existing
iogheny Healthy Aging Team Project. For interpretation of the references to

.
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Web site where the pathology images were stored [90]. An-
other described a clinical Web environment for the diagnosis
of Alzheimer’s and other dementias [91].

As this section is a description of a Web-based process,
there are no empirical results to report. Raters include neu-
rologists, psychiatrists, neuropsychologists, and geriatri-
cians. They have uniformly described the process as
interesting and user-friendly, and, after an initial learning
curve, reported that cases take an average of 10 minutes to
complete. Because raters can log into the secure Web site
from any location at their convenience, scheduling con-
straints are eliminated and time is efficiently used. Apart
from identifying the diagnoses on which all raters agree,
and to select the modal rating or diagnosis where there is
less than perfect agreement, data can be used in multiple
ways. For example, it is possible to calculate inter-rater
agreement across raters and within/across specialties, and
to identify rating/diagnostic categories where there is greater
and lesser agreement. Researchers can also examine change
in etiological diagnosis after additional (e.g., brain magnetic
resonance imaging) data are presented. They can attempt to
develop diagnostic algorithms on the basis of ratings pro-
vided by experts. By empirically identifying the components
that predict these ratings, they can even attempt to “decon-
struct” to some extent the process of expert clinical judg-
ment.

The Web-based process described here combines the ad-
vantages of assessment by nonexperts, judgment and diag-
nosis by experts, and the convenience of online rating. It
offers some alternatives which have potential advantages
of standardization, empirical analysis, and efficiency in the
use of expert clinician’s time, which likely enhances cost-ef-
fectiveness.
7. Discussion

The public health burden of AD is well documented for
the most advanced stages of disease and the importance of
identifying cases is critical to establish both prevalence
and incidence of disease and to one day conducting clinical
trials in disease prevention. In the various sections of this ar-
ticle, different methods of case ascertainment are high-
lighted through examples of several studies. In each study,
the focus is on aspects of the diagnostic process in which
cost savings might be realized by means of some methodo-
logical modification. However, before savings can be real-
ized there must be a transparent model of cost which
acknowledges the resources required for each element of as-
certainment. These elements include among others, sample
identification and retention, proxy input, clinical, demo-
graphic and social data collection, cognitive assessment,
functional assessment, and the cost of diagnostic expertise.
As we move to earlier stages of detection there may even
be an expectation of specific laboratory data for detection
which will also incur an as yet unknown cost.
One of the challenges of ascertainment of dementia, ac-
knowledged by many, is that the disease of interest impedes
the ability to participate in study activities. The ability to
complete assessments and to assess one’s own performance
is impaired. This leads to the need to use proxies to remove
the “self-as-observer” bias for measuring current level of
function and to provide comparison to historical perfor-
mance. Proxies, often family or friends, are a major focus
for assessment in surveys such as HRS, but they can have
a varying ability to make historical comparisons. This ability
to describe a change from previous function can mitigate the
lack of previous assessments, which reflects cost saving, but
the frequency of contact and the intimacy of knowledge will
affect the ability to contribute information of value. The
identification of a second individual as well as an evaluation
of the quality of information he or she can provide must be
factored into the cost of ascertainment. The ADAMS cohort,
a resource-intensive sub-study of HRS, demonstrates the
under-detection of survey methods, but provides an opportu-
nity to select and validate survey items that might provide
greater specificity. A proposal to reduce the cost of the
ADAMS evaluation focuses on the use of telephone assess-
ment rather than in-person evaluations. This multi-step pro-
cess, proposed byWallace, Langa, and Plassman (section 3),
is as yet unvalidated; it begins with intensive clinical data
collection and includes screening for depression and delir-
ium. The efficiency of this approach includes selective use
of informants in the early steps, telephone-based assessment
of cognition, and intensive medical record review. These
distance-based assessments limit the ability to collect bio-
logical samples but cost reduction is realized through mini-
mizing staff travel, though the assessment time and effort for
record review must be considered. Of note, Wilson and Ben-
nett (section 4) describe longitudinal assessment, with algo-
rithmic diagnosis, that does not depend on an informant.
Such an approach may be most efficient when the population
has high retention and follow-up, as in ROS or MAP.

Several studies focus on detailed data collected by non-
professionals, but reviewed by professionals to achieve the
diagnosis (sections 4–6). This requires one or more profes-
sionals to give input to some or all aspects of the clinical pic-
ture but saves the cost of professional assessment of
individual cases. The consensus diagnosis typically de-
scribes an interdisciplinary team of experts conducting ascer-
tainment by agreement. A feature of the consensus diagnosis
is that judgment is used to weigh variables that may have
a nonspecific contribution or be part of a complex interaction.
For example, a consensus diagnosis may weigh poor cogni-
tive performance in the presence of other medical, physical,
or social factors. Technologies are available to permit this ac-
tivity to be performed without the cost or burden of joint
meetings, but through review of iterative opinions as de-
scribed in the MYHAT Project (section 6). Web-based ap-
proaches to data review and decision collection provides
a practical approach to examining each step of the diagnostic
process. Further cost savings may be achieved by the use of
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an algorithm that weighs the input from different assessment
domains. Weightings would ideally be built on the actual ex-
perience of clinical expertise. For example, examination of
how specific medical, physical, or social factors were used
to arrive at a consensus diagnosis can inform a diagnostic al-
gorithm. The inclusion of demographic and clinical data can
provide additional refinements, and laboratory results may
suggest etiology and levels of certainty. ROS and MAP in-
clude longitudinal follow-upwith autopsy confirmed diagno-
sis which provides unique validation of the diagnostic
algorithm (section 4). Transparency requires acknowledging
the initial cost of clinical expertise and neuropathological
validation in formulating the algorithm with savings
achieved by eliminating clinical expertise for case review.

The work of Duara and Loewenstein (section 5) and
Ganguli (section 6) describe categorization within mild
forms of impairment, describing amnestic and nonamnestic
forms of MCI, conditions defined primarily by normative
data. These categories illustrate the ability to detect subtle
deficits but will remain in diagnostic infancy until sufficient
longitudinal data to understand the predictive value and the
full effect of such entities within the healthcare system are
available. Nevertheless, the systematic collection of exten-
sive data can provide a diagnostic algorithm for the most im-
portant conditions, and may identify the minimum dataset
required to make the diagnosis. The simultaneous collection
of simple survey tools within these elaborate assessments
may provide validation for methods to be used in larger pop-
ulations.

Although diagnosis by consensus or algorithm may save
the cost of the professional assessment of each individual,
the cost of collecting assessments remains high. Cognitive
testing requires training and takes time and resources. Func-
tional assessment and other clinical and demographic data
are rarely available in a systematic way. Of note, neither ad-
ministrative datasets nor general medical records are likely
to contain information about subtle cognitive deficits or
mild functional impairment (unless cognitive impairment
is a presenting complaint). Thus, specific assessment above
and beyond medical record is required for ascertainment of
cognitive loss or dementia. The work of Wilson and Bennett
(section 4), Duara and Loewenstein (section 5), and Ganguli
(section 6) describe collection of extensive assessments with
highly trained staff. Maintaining a staff that can provide re-
liable standardized assessment is a very large part of the as-
certainment expense. Weir (section 2) and Wallace, Langa,
and Plassman (section 3) describe ways to reduce this ex-
pense, including the use of survey methods and telephone-
based assessments. The sensitivity of these approaches for
ascertainment of dementia is well established, although
not without limitations. However, the effectiveness in detect-
ing MCI is not well established. Among the challenges of
these methods is the capture of information from an aging
population, often with sensory deficit. About 40% of people
aged .65 years suffer hearing loss, impeding telephone in-
teractions; visual impairment can interfere with completion
of written materials; and general caution about interacting
with unknown surveyors can reduce the possibility of partic-
ipation among the elderly. Estimates of participation of tar-
geted populations can be as low as 50% to 65% and although
increased sample size can address this for establishing prev-
alence, true incidence and randomized trials are particularly
challenged. Thus, the cost savings of these approaches needs
to be weighed against any need to increase sample size.

True incidence requires longitudinal surveillance and re-
assessment over time. Even among those with measurable
cognitive impairment, incidence is as low 5% to 15% annu-
ally. Prevention studies of nonimpaired individuals required
a doubling of observation time to achieve the needed conver-
sion rates. The cost of maintaining the cohort can be consid-
erable, particularly when it may be a transient population.
Although impairment may reduce mobility, relocation for
proximity to family or for higher level care is likely. Of
note, little has been described of the cost of recruitment or re-
tention. The resources and cost of obtaining consent, and of
re-evaluation to ensure continued capacity to consent, in
a population at risk for cognitive change are also unrecog-
nized. Yet, these are necessary costs when methodologies in-
clude performance-based evaluation, acquiring medical
records, and using a proxy informant. Many cost-effective
approaches to ascertainment focus on reducing manpower
for data collection. These include removing the expert clini-
cian from the assessment and using technologies to collect
data, all of which reduce the human contact between partic-
ipant and researcher. Although these may be cost saving and
even reduce the burden on the participant theymay also inad-
vertently reduce the visibility of the project and undermine
the importance of the effort contributed by participants. Of
particular importance is building the partnership with partic-
ipants to create shared commitment for the outcomes of these
studies. When the motivation for follow-up is shared by the
participant and project staff, the effort to track and follow
cases may be reduced and retention may be higher.

Great progress has been made in the willingness and abil-
ity to detect cognitive impairment and dementia in aging
populations. Factors such as the aging of the baby boomer
generation, proposed increases in retirement age, and im-
proved longevity highlight the healthcare imperative to un-
derstand and address these diseases. Our growing
experience with evaluation of cognition and function in di-
verse and real world populations is leading to efficient
methods for characterizing cognitive impairment and diag-
nosing dementia. Efficient and effective measures of perfor-
mance have been developed and are widely used. Moving
forward, a transparent and informed approach is needed to
evaluate both the savings and potential unintended costs of
ascertainment methods. Efforts to maximize these efficien-
cies can reduce the cost of diagnosis but must be balanced
against the cost of underestimates of disease. These methods
will be critical to conduct disease prevention trials and in
fact have already proven effective in such studies. Although
the most novel approaches to prevention postulate
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a presymptomatic stage of disease which would be defined
by a biomarker it is not clear what economy this will provide.
Thus far, no biomarker predicts progression or incident de-
mentia better than memory impairment in the otherwise
asymptomatic individual. Although the development of pre-
cise diagnostic laboratory tests may reduce uncertainty of di-
agnosis, it is unclear that it will reduce the cost of
ascertainment.
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