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INTRODUCTION

The global population with Alzheimer’s Disease and related dementias (AD/ADRD) is
expected to nearly triple by 2050. Predictions such as this have important implications for
society in general, implying the need for concomitant increases in funding for therapeutic
improvements, changes to public policy, and greater focus on the impact of disease on people
living with dementia and their caregivers. Accurate, up-to-date information on the societal
prevalence of AD/ADRD, and the tracking of potential changes in this prevalence over time have
high value for public health and public policy, so close attention to how we obtain these
estimates, and potential strategies for improving them in the future, must be a core activity of the
scientific community.

In this chapter, we will build toward understanding how to improve measurement of
dementia prevalence in the future by making a case for clarity about how we intend to use these
data and how well the current data sources fit those intended uses. To do so, we will lay out how
the definition of AD/ADRD disease status has evolved, the strengths and limitations of the
epidemiological and health care data available for identifying the population that meets these
definitions, and the accuracy of current methods of estimating population prevalence. Based on
this evaluation, we will describe principles to guide future investments in population assessment

strategies for monitoring the population burden of AD/ADRD.

PURPOSE OF POPULATION PREVALENCE MEASURES
“Prevalence” is defined as the proportion of individuals in a defined population with a

condition or disease. The use of prevalence measures for any acute or chronic disease falls into



different domains in which health and population needs intersect. In the case of AD/ADRD, the
direct use of prevalence data falls into the major domain headings of public health, medical care
and public policy. The data collected for these different purposes can be used to quantify disease
burden and trends in a population. More specifically, these data are used to study disease
etiology, disparities, financial implications, planning strategy and investments, and effectiveness
of interventions across each of these domains. But the application dictates the degree of
sensitivity, specificity, and other aspects of measurement performance needed, and the added
value of obtaining better data given potential additional costs. In other words, different purposes
can require different measures across data sources, necessitating nuanced understanding of the

constructs being measured.

Population surveillance of disease in the field of epidemiology is a key function of public
health. The purpose of public health surveillance is to “assess public health status, track
conditions of public health importance, define public health priorities, evaluate public health
programs, [and] develop public health research,” such as identifying risk factors for disease (Lee
et al, 2010). One of the central methods for population surveillance is to use a sampling approach
that leads to accurate population estimates by identifying a representative sample; individuals
within the sample are then classified as “cases” or “non-cases” using standard and reproducible
diagnostic methods. For some diseases, this classification can be done using biological measures,
such as blood pressure for the condition of hypertension. In the case of AD/ADRD, which has
typically been defined as a syndrome of clinical features (described in more detail below), the
approach requires collection of standardized measures of cognition, physical function, and in

some approaches a clinical adjudication by experts. Given the purposes for which these data are



to be used, it is essential that classification strategies are consistent over time and accurately

reflect disease across geographies and diverse populations.

Health care, like public health, requires information about the burden of disease and
studies of risk factors for disease, but additionally is concerned with how people with the disease
access services, which requires knowing the prevalence within their local environment. In
addition, medical research often uses epidemiological studies to inform more biologically
detailed and etiologic studies regarding the nature of the disease. Observations about prevalence
can be used secondarily to focus clinical studies on populations at high risk or alternatively can
use comparisons to the general population to identify disparities in treatment or outcomes. For
medical care purposes, the key feature of prevalence data is to reflect the local community

without bias induced by differences in care seeking.

In the public policy domain, interest is focused on anticipating the disease burden and
needs of the population looking forward that inform financing of public programs and regulatory
actions. Policy makers are concerned with health but are also concerned with issues related to
long-term care, labor markets, justice and law enforcement, science and technology, housing and
community services and, importantly, how to finance all of those activities. In the case of
AD/ADRD there are wide-ranging effects on families and on governments due the prevalence of
the disease and the level of services required as the disease progresses; this use of population
measures of disease can alter long-term strategy and investments with broad impact. In this
context, whatever data approach is taken requires consensus among the scientific community that

it reflects the aspects of disease that are most important for policy makers to consider as they



forecast and plan for the future. The specific etiology that leads to the syndrome of dementia
may be less critical for the majority of governmental activities that address caring for people

living with dementia.

DEFINITION OF DISEASE AND EVOLUTION OVER TIME
Over the past few decades, there have been sequential changes in clinical guidelines and
diagnostic criteria for defining the presence of AD/ADRD. Figure 1 shows the timing of those

important changes, focusing on consensus activities involving the National Institute on Aging.

Figure 1: Timeline for Revisions of Diagnostic Guidelines for AD/ADRD
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The diagnostic criteria used to define and identify a disease or condition, as well as the
interpretation and operationalization of those criteria in clinical and research settings, necessarily
have an important effect on the measured incidence and prevalence of that disease or condition.
This is especially true for a geriatric condition such as dementia, given that the onset and
progression of cognitive decline is typically gradual and variable in trajectory. In addition,
determining when cognitive decline has become severe enough to cause limitations in activities

of daily living (ADLSs) (a key element of most clinical diagnostic criteria) is challenging, and this



uncertainty regarding when the “dementia threshold” is crossed will likely lead to variation in
case definition and prevalence estimates across clinicians and researchers. For instance, an often-
cited study of the influence of differing diagnostic criteria on dementia prevalence found a nearly
tenfold difference in prevalence in the Canadian Study of Health and Aging when using the ICD-
10 criteria (3.1% of those aged 65+) compared to the DSM-I11I criteria (29.1%) (Erkinjuntti et al,

1997).

In the early 1980s, the National Institute of Neurological and Communicative Disorders
and Stroke (NINCDS) and the Alzheimer’s Disease and Related Disorders Association
(ADRDA) convened an expert panel to establish criteria for the clinical diagnosis of Alzheimer’s
disease. The NINCDS-ADRDA criteria (Mckhann et al, 1984) have been widely used in both
clinical and research settings. These criteria established the classifications of: Probable
Alzheimer’s disease; Possible Alzheimer’s disease; and Definite Alzheimer’s disease, based on
evidence from cognitive testing of a decline in two or more cognitive domains that is progressive
and has an onset of between age 40 and 90. “Probable AD” requires that there are no other co-
occurring conditions that could explain the cognitive decline, while “Possible AD” is diagnosed
when there are co-occurring conditions that could explain the cognitive decline, or the clinical
course of the decline is atypical. The diagnosis of Probable AD is updated to “Definite AD”
when there is biopsy or autopsy evidence of typical AD pathology in the brain. An important
distinction to note about the NINCDS-ADRDA criteria is that while limitations in ADLs
“support” the diagnosis of “Probable AD,” the limitations are not required for diagnosis. As
noted below, most later diagnostic criteria for dementia due to AD, for example the Diagnostic

and Statistical Manual of Mental Disorders Third Edition Revised (DSM-I111-R) published in



1987, as well as subsequent DSM updates, require limitations in ADLs for the diagnosis to be
made (the dementia “disability criterion’). Whether or not ADL limitations are required for
diagnosis will obviously have implications for the measured prevalence of dementia in clinical
and research settings.

In 2007, an international working group proposed an update to the 1984 NINCDS-
ADRDA criteria that incorporated new imaging and biomarker technologies (e.g., amyloid PET,
structural MRI, and cerebrospinal fluid (CSF) markers) as supportive evidence for the diagnosis
of AD. Importantly, these criteria identified two early stages of AD, Preclinical AD and
Prodromal AD. “Preclinical AD” was defined as an asymptomatic stage in which biomarkers of
AD are present, while “Prodromal AD” was defined in a similar way to “Mild Cognitive
Impairment,” namely the presence of objective declines in cognition that are not yet severe
enough to cause significant limitations in ADLSs.

In 2011, the National Institute on Aging and the Alzheimer’s Association (NIA-AA)
proposed further updates to the 1984 NINCDS-ADRDA diagnostic criteria to incorporate more
recent clinical and basic science research regarding the natural history and causes of cognitive
decline in adults (Mckhann et al, 2011). The NIA-AA 2011 criteria for dementia are:

1) Impairment in at least two of: memory, reasoning, visuospatial abilities, language; or

changes in personality / behavior; and

2) The impairments “interfere with the ability to function at work or at usual activities,”

and represent a decline from previous levels of functioning; and

3) The impairments are not explained by delirium or psychiatric disorder.



As noted above, the inclusion of the “disability criterion” in the NIA-AA 2011 criteria is likely
to lead to a lower prevalence of dementia due to Alzheimer’s disease compared to the NINCDS-
ADRDA criteria, which did not specifically include the criterion of limitations in work or usual
activities.

Like the 2007 international working group criteria, the NIA-AA 2011 criteria designated
and defined two additional “pre-dementia” states on the continuum of cognitive and functional
decline: 1) Mild Cognitive Impairment (MCI) (Albert et al, 2011); and 2) Preclinical
Alzheimer’s disease (Sperling et al, 2011) (Figure 2). Like the prodromal AD defined by the
2007 working group, MCl is characterized by subjective and objective declines in cognitive
function that are not severe enough to cause disability in daily function (Albert et al, 2011;
Langa and Levine, 2014); preclinical AD is characterized by the presence of biomarker and
neuroimaging findings of AD pathology in the brain, in the absence of any symptoms of
cognitive decline. The identification of MCI and potential shifts over time in the diagnostic
“border” between MCI and dementia have important implications for identifying and measuring
trends in dementia incidence and prevalence (Matthews et al, 2008), since changes in diagnostic
thresholds may lead to differences in measured incidence and prevalence rates over time,

separate from any “true” change in the presence of dementia in the population under study.



Figure 2: 2011 Conceptualization of Definitions in NIA-AA 2011 Criteria
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The recently-published NIA-AA Research Framework that proposes a “biological
definition” of AD updates the NIA-AA 2011 concept of preclinical AD, and will likely have an
important impact on how the AD continuum is conceptualized, and, by extension, on estimates
of incidence and prevalence of AD (Jack et al, 2018). The key change proposed by the 2018
NIA-AA Research Framework is to define AD with three biological measures: Amyloid, Tau,
and Neurodegeneration, the AT(N) classification (see Table 1). This AD diagnostic
classification using biomarkers is distinct from the clinical symptoms (i.e., measurable cognitive
decline that leads to disability in daily life), so under this definition “Alzheimer’s disease” now
refers to a pathological process, rather than a clinical syndrome (Jack et al, 2018).

The explicit separation of Alzheimer’s disease defined biologically from dementia
defined clinically has raised a number of concerns regarding the implications for estimating the
prevalence of AD in populations (Glymour et al, 2018). One key concern is the difficulty and
expense of obtaining the AT(N) biomarkers outside of academic clinical settings. Since the
diagnosis of AD using the new NIA-AA research framework is dependent on collection of

biomarkers in a clinical setting, it likely will be especially difficult to recruit and retain



individuals from rural communities and from minority populations that are already under-
represented in most clinical and epidemiological studies of aging and cognitive decline (Glymour
et al, 2018), which will worsen generalizability to rural and minority populations. Conversely,
people who have the clinical syndrome of dementia, with progressive impairment of cognition
and resultant disability, but none of the currently measured biomarkers for disease may not be

counted in estimates of prevalence if one requires biomarker evidence in the disease definition.

Table 1: NIA-AA Research Framework AT(N) Classification System
AT(N) biomarker grouping

A: Aggregated AP or associated pathologic state
CSF APy, or AB4/APy ratio
Amyloid PET
T: Aggregated tau (neurofibrillary tangles) or associated pathologic state
CSF phosphorylated tau
Tau PET
(N): Neurodegeneration or neuronal injury
Anatomic MRI
FDG PET
CSF total tau

Abbreviations: AP,  amyloid; CSF, cerebrospinal fluid.

The interest in defining preclinical AD as a stage in which there is biomarker evidence of
AD pathology, but no current symptoms of cognitive decline was encouraged by the multiple
failures of AD medications for MCI and dementia due to AD, and the belief that treating earlier
in the pathological progression (prior to symptom onset) would increase the chances of success.
There are now multiple trials of drugs for dementia prevention being tested in individuals with
preclinical AD (Karlawish and Langa, 2016).

While there is hope that preclinical AD treatments will lead to prevention or delay of

dementia, a number of concerns have been raised regarding the risk of “overdiagnosis” of AD
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that may result from the switch to a biomarker-based classification scheme (Langa and Burke,
2019). In this context, overdiagnosis is the identification of AD pathology that doesn’t lead to
symptomatic dementia, even without treatment. Overdiagnosis exposes individuals to the costs
and potential negative side-effects of treatments (as well as potential anxiety and “stigma”
associated with the diagnosis), without the benefit of the prevention of clinically significant
disease (Langa and Burke, 2019).

One reason that overdiagnosis of preclinical AD could have important consequences is
simply the likely large number of individuals who would be diagnosed. Using estimates of AD
biomarker prevalence and transition rates from preclinical AD to dementia, Brookmeyer and
colleagues (2018) estimated that about 46 million adults had preclinical AD in the US in 2017,
compared to a prevalence of dementia due to AD of 3.6 million (Table 2). The shifting
conceptualization of AD as a “biological,” rather than a “clinical” entity will likely have an

important impact on which type of “prevalence” is the focus of future research and policy.

Table 2 : Prevalence (in millions) of preclinical and clinical disease stages of Alzheimer’s
disease in the United States in 2017 and 2060 based on multistate model [ranges generated
by high and low series of transition rates] (Brookmeyer et al, 2018)

Calendar year

Disease state 2017 2060

Amyloidosis only [state 2] 22.14[18.70-26.70] 31.90 [28.04-36.75]

Neurodegeneration 8.33 [5.68-9.16] 13.60 [8.47-16.11]
only [state 3]
Amyloidosis and 16.23[11.85-21.93] 30.18 [23.49-37.78]
neurodegeneration [state 4]
MCI due to Alzheimer’s 243[1.41-4.02] 5.70 [3.61-8.34]
disease [states 5 + 6]
With neurodegeneration 0.66 [0.28-1.51] 1.23 [0.56-2.49]
With amyloidosis and 1.77 [1.13-2.51] 4.47 [3.05-5.85]
neurodegeneration
Clinical Alzheimer’s 3.65[1.70-7.62] 9.30 [4.58-17.82]
disease [states 7 + 8]
Early stage 2.11 [1.034.12] 5.29 [2.73-9.40]
Late stage 1.54 [0.67-3.50] 4.01 [1.85-8.42]
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CURRENT DATA SOURCES--STRENGTHS AND CHALLENGES

The types of data that can inform prevalence estimates can come from multiple sources,
including epidemiological studies and data generated in the course of health care delivery, each
with its own strengths and challenges. Epidemiologic studies rely on recruiting a sample of the
population and determining their cognitive status using a variety of potential methods. The study
prevalence is then used to create a population estimate. More recently, data obtained through the
provision of medical care have become more routinely available. The cost-effectiveness of using
data that are already being collected is attractive. The first of these sources, administrative claims
data, contains information about diagnosis as documented on the bill submitted for payment by
clinicians and health care facilities. The second source is the electronic health record. It can
contain billing information, but also contains structured medical documentation (such as problem
lists and past medical history lists) as well as text of clinical notes. The newest source of
information regarding prevalence of disease, or risk for the disease, is biomarker data collected
as part of epidemiological research or more recently for other clinical studies. Additionally, with
the pace of scientific developments, there is the potential to acquire other types of non-invasive

or behavioral data that can inform population surveillance.

Epidemiologic data current state
A growing number of population-based surveys of adults in the U.S. and around the world
now include measures of cognition that allow determination of level of cognitive function, and,

in turn, estimation of dementia incidence and prevalence in the population covered.

12



The Health and Retirement Study (HRS) and the associated network of international aging
surveys patterned on the HRS have been collecting longitudinal cognitive data on middle-aged
and older adults since 1992 (Sonnega et al, 2014). The HRS has also embedded more extensive
data collections focused on cognitive and physical function in HRS sub-samples with the goal of
providing more accurate estimates of dementia incidence and prevalence in its nationally
representative sample. The Aging, Demographics, and Memory Study (ADAMS) was fielded in
2001, with follow-up through 2006, and included a 2 to 3-hour in-home assessment of cognition
and function in a sub-sample of 856 HRS respondents (Langa et al, 2005). An expert consensus
panel used the ADAMS assessment data to assign a dementia diagnosis and its cause. The
ADAMS showed that embedding a valid dementia diagnosis in an ongoing nationally
representative longitudinal study of older adults creates unique opportunities for identifying the
current prevalence and societal impact of MCI (Plassman et al, 2008) and dementia (Plassman et
al, 2007), as well as major risk (Iwashyna et al, 2010; Llewellyn et al, 2010) and protective
factors (Langa et al, 2008; Langa et al, 2017), and important health (Okura et al, 2010) and
economic (Hurd et al, 2013) outcomes. A key limitation of the ADAMS, however, was its high
cost per assessment and the resulting small sample size (n=856) that could be assessed due to
budgetary limitations. A new HRS dementia sub-study, the Harmonized Cognitive Assessment
Protocol (HCAP) project was fielded in 2016 in a more cost-effective manner, using computer-
assisted personal interviews administered by specially trained survey interviewers (Langa et al,
2019). The large increase in sample size (n~3,500) will significantly increase the statistical
power for analyses using these new data compared to the ADAMS sample, opening up greater
opportunities for sub-analyses, such as the relationship of race/ethnicity, education,

comorbidities, and geographic location to dementia risk.
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In addition to the HRS data collection in the United States, more than 30 other countries
around the world have fielded population-based longitudinal studies of aging patterned on the
HRS since 2001. The goal of this collaborative network of studies is to obtain comparable data
relevant for aging research in order to support international comparative studies that will allow a
better understanding of the predictors and outcomes of physical and cognitive decline in aging
populations around the globe. Twelve of the HRS international studies have also fielded an
HCAP sub-study of dementia in order to facilitate international comparative research on
dementia prevalence and outcomes. More information on the HRS and HCAP international

studies is available at the HRS website.1?

Administrative data current state
Over the last decades, data created through the process of health care delivery have
become more available for use in research. The cost-effectiveness of using data that are already
being collected is attractive, especially in the case of diseases that predominantly affect people
who are old enough to qualify for Medicare. In addition, the widespread expansion of electronic
health records in tandem with developments in the field of data science has made clinical

information beyond billing information available.

The strengths of these data come from several features over and above the reduced cost

of primary data collection necessary for epidemiologic studies, most clearly demonstrated when

1 HRS International Sister Studies. Retrieved from https://hrs.isr.umich.edu/about/international-
sister-studies

2 HRS Harmonized Cognitive Assessment Protocol (2016). Retrieved from
http://hrsonline.isr.umich.edu/index.php?p=shoavail &iyear=2U
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considering Medicare. The power stems from the nearly complete capture of the population of
adults aged 65 and older in the United States through the Medicare system. For this age segment
of the U.S. population, the Part A entitlement of Medicare, like Social Security, is for anyone
with a 10 year work history or their spouses, which translates to 97% of people age 65 older
residing in the U.S.® Key subgroups missed could include those who immigrate late in life and
partners who do not meet federal spouse eligibility. Another strength of the data is that Medicare
requires a diagnosis to pay a claim, so missing diagnosis is infrequent. Finally, Medicare data are

centralized with an established process for obtaining access for research purposes.

While the population coverage is an obvious strength of these administrative data, there
are myriad limitations. The data only include people who are covered by the payer from whom
the data is obtained. For people 65 and over and in different payment models (like Medicare
Advantage (MA) plans), the rules requiring a diagnosis on a bill for payment differ. For people
under 65, data will be housed with insurance payers and with no population-based denominator
on which to calculate prevalence. In both MA and commercial insurance for those under age 65,
information about why people disenroll (such as changing plan versus dying) is not collected or

reported in a standardized way.

The most significant challenge of billing data, however, is the dependence on the clinical

3 Estimated based in similar eligibility criteria with Social Security Administration and the
estimate of SSA coverage for older adult residents of the U.S. (Policy Basics: Top Ten
Facts about Social Security. Retrieved from https://www.cbpp.org/research/social-
security/policy-basics-top-ten-facts-about-social-security) (Who is Eligible for Medicare?
Retrieved from https://www.hhs.gov/answers/medicare-and-medicaid/who-is-elibible-
for-medicare/index.html)
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process for identifying affected people — a process that can have inherent flaws and biases. The
process by which a person receives a diagnosis involves many factors, including those to do with
the patient (the person’s symptoms, beliefs about those symptoms, and their access to
healthcare), the doctors (their general diagnostic skills, their experience with the disease, and the
availability of and connections to consultative expertise), the system (the availability of
diagnostic technologies and payment for those services), and finally societal influences (the
benefits and costs of having the disease label). The National Academy of Medicine (NAM)
recently created a conceptualization of the diagnostic process shown in Figure 3 that includes a
feedback loop in which later effects (such as treatment effectiveness and outcomes) reinforce the
diagnostic process, which is an important point in the context of small or uncertain benefits of

current therapies for ADRD.

Figure 2: Process of Diagnosis and Origin of Diagnosis Data in Medicare Claims (Figure adapted from
National Academies of Sciences, Engineering, and Medicine, 2015)
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This complex process is boiled down to a Medicare bill or a diagnosis placed into a
medical record. Clinical data sources, such as administrative billing data, consistently

underestimate the prevalence of disease compared to epidemiological studies, reflecting either
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under-ascertainment of dementia or under-documentation of the disease. In a study that screened
for cognitive impairment but did not intervene, 5 percent of primary care patients over age 60
had moderate to severe cognitive impairment but less than a quarter of those affected had
dementia documented as a diagnosis (Boustani et al, 2005). A recent meta-analysis estimates 60
percent of ADRD cases go undetected in the community and in primary care 50 percent are

estimated to be undiagnosed across several studies (Lang et al, 2017).

The challenges to making and documenting a diagnosis in AD/ADRD can be summarized
into those that occur before, during, or after a health care interaction. In all diseases, financial
and physical access to health care providers can be a barrier to care. Financial access is mitigated
for many people with concerns about AD/ADRD because the onset of disease is most often after
age 65 when Medicare becomes available. Financial access is still likely a barrier for people
under age 65 and also people who cannot afford Part B coverage. Another access barrier is
availability of providers with expertise in evaluation and treatment of dementia and also
transportation to reach those providers. These barriers are structural in nature, but there are also
issues of public perception that may reduce care-seeking for cognitive decline. Some people may
believe that the changes they are experiencing are normal for their age. In fact, prior studies have
found that beliefs about whether cognitive loss is a normal part of aging may contribute to racial
disparities in diagnosis (Chin, Negash and Hamilton, 2011; Connell, Scott Roberts and
McLaughlin, 2007; Connell et al, 2009). Similarly, disease stigma can dissuade care seeking and
has also been suggested to contribute to racial differences (Chin, Negash and Hamilton, 2011;

Connell, Scott Roberts and McLaughlin, 2007; Connell et al, 2009).
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The process that occurs when a person becomes a patient and interacts with the health
care system is less explored in AD/ADRD. Studies of primary care physicians suggest they feel
they lack the time and confidence necessary to make an AD/ADRD diagnosis (Boustani et al,
2003; Boustani et al, 2005; Boustani, Schubert & Sennour, 2007). Studies about delayed
diagnosis and misdiagnosis exist, but these largely predate the era of electronic health records
(Knopman, Donohue, and Gutterman, 2015; Campbell et al, 2014; Mendez, 2006; Reynolds et
al, 1988; Roca et al, 1984; Rabins, 1983). They do suggest, however, that misdiagnosis is
common, especially in the hospital setting. There is also a large literature about what screening
tools are most accurate and about how the Medicare annual wellness visit (which requires
cognitive decline screening) has been interpreted (Lin et al, 2013; Cordell et al, 2013; Fowler et
al, 2019). The volume of studies, along with U.S. Preventive Services Task Force guidelines that
do not recommend screening and now negative trials of screening, likely reflect the lack of
consensus about what clinicians should actually do (Moyer, 2014; Fowler et al, 2019). The lack
of clarity creates “noise” for practicing doctors who are expected to integrate this information
into their workflow. The bottom line is that there is not standardization of how a diagnosis of
dementia is made, unlike for example the clear guidelines for assessment of blood pressure for

hypertension, and this can lead to misclassification of cases.

Finally, a clinician’s documentation of a diagnosis may be influenced by whether she or
he intends to action on that diagnosis. For example, when AD medications became more
accessible with the introduction of the Part D benefit, treatment rates rose (Fowler et al, 2013);
this will tend to increase AD/ADRD prevalence for algorithms that include medication use in

identifying cases. The type of physician seen and the physician's beliefs about value of
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medications may also affect the likelihood of an AD/ADRD diagnosis detectable in the
administrative data, as suggested when a study showed that specialty of the consulting physician
(neurology versus geriatrics) influenced whether an anti-dementia drug was started (Koller, Hua,
and Bynum, 2016). Another further downstream potential deterrent to care seeking is the
possibility that long-term care insurance will not be granted by insurance underwriters if

cognitive decline is evident in the medical record (Cornell et al, 2016).

Taken together, the prevalence of disease found in health care data may not reflect true
disease prevalence. In many cases, the difference between true disease prevalence and what is
observed in another data source can be estimated if the potential biases and confounding are
known. But importantly, the types of biases present in any given set of health care data may not
be the same across data sources or studies, nor are the potential sources of bias easily observable.
For example, public perceptions that influence care seeking may vary by ethnic groups or across
regions, and the process of screening including whether the Medicare Annual Wellness Visit is
routinely implemented may vary across health systems. In contrast to pre-planned public health
surveillance systems, the absence of standardization creates challenges for interpretation that
require careful application of health care data when trying to inform population prevalence
estimates. In many cases with health care data, the biases can be known and addressed but they

have yet to be fully addressed in calculations of population prevalence.

Accuracy of Claims Diagnoses

Given the challenges of administrative claims data, many investigators have examined

the accuracy of claims-based diagnoses against other gold- or reference-standards. These studies
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have improved our confidence about using claims data to identify people with Alzheimer’s
dementia. In general, the performance of claims is good at identifying people with dementia,
although claims underestimate people with early stage disease as reviewed by St. Germaine
(2012). The major weakness is lack of precision of the diagnosis; that is, we cannot be confident
of the underlying type of dementia, such as AD versus vascular versus Lewy body. The accuracy
of the specific code for AD performs fairly poorly (Taylor et al, 2009). Lewy body, vascular
dementia and frontotemporal dementia billing have been assessed, but their validity is largely
unknown (Goodman et al, 2013; Drabo et al, 2019). While those specific diagnostic codes exist
in both ICD-9 and ICD-10, the vast majority of codes used by clinicians are for non-specific
dementia (Goodman et al, 2013; Drabo et al, 2019). This problem is especially acute in ICD-9,
which included categories that are not used in modern disease classification systems (e.g. senile

dementia, pre-senile dementia).

The second challenge is that often the standard against which the claims data are being
tested reflects a sample not representative of the population, such as being drawn from a clinical
trial, a subset of payers, a convenience sample, or single area (Newcomer et al, 1999; Albrecht et
al, 2018; Taylor et al, 2002; Zhu et al, 2018). For example, Taylor and colleagues (2002) is a
validation against Alzheimer’s Disease Research Center clinic registries which have a strong
volunteer bias and few normal controls (which precludes measurement of specificity). And Zhu
and colleagues (2018) is an epidemiological study that samples a population within a relatively
small geographic area, which may be strongly influenced by local practice norms and billing
habits of the regional clinicians and by the racial and ethnic composition of the population

sampled.

20



Nationally representative epidemiological studies have also been used to validate claims-
based diagnoses (ADAMS, HRS). Ideally one would directly compare the performance of
different algorithms, however no studies have a national population sample and a gold standard
reference, except for ADAMS. ADAMS is sampled to reflect the national population size and
demographics of the U.S. population age 71 and older. But that sample frame does not
necessarily include variation in billing and clinical practices and it is too small to feel confident
that these are captured within the sampled set. ADAMS was used to derive an algorithm based
on standardized assessments of cognition and function that are measured in the entire HRS
sample (Crimmins et al, 2011). Several different algorithms have been developed that have
slightly different performance and target populations (Gianattasio et al, 2019). The original
algorithm was then used as a reference standard to determine the accuracy of claims data to
classify participants as normal; with cognitive impairment not dementia; and with dementia. It is
from this study that the Centers for Medicare and Medicaid Services through its contractor, the
Clinical Conditions Warehouse (CCW), created its flag for indicating the presence of AD or
ADRD. These flags are currently available to any researcher who purchases the file, which
standardizes the way researchers using claims data classify disease.

The CCW algorithm validation was based on ICD-9 coding and was billing practices in
2001. Since that time, we have accessible pharmaceutical data through Part D, we have switched
from ICD-9 to ICD-10 in the U.S., and clinical practice and disease definitions have changed, so
one might be concerned about the accuracy of the CCW algorithm moving forward. Recently,
investigators are generating studies evaluating which diagnoses are being used in Medicare

claims in the more recent paper (Goodman et al, 2017; Thunell, Freido, and Zissimopoulos,
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2019), but a validation of the CCW algorithm using contemporary billing data is not yet
published. Investigators are or will be working across multiple institutions to validate their
algorithms in other data sets, many of which have now or will soon be linked to Medicare
claims. The increased analysis is welcome, yet will require subsequent activities to align and
harmonize these algorithms.

Increasingly, nationally or otherwise sampled studies have linked their study cohorts to
Medicare administrative data. It is from these linkages that we have seen studies validating the
performance of claims. These types of studies are likely to continue to appear as each study
independently tests their identified cases against claims. The challenge that arises from these
studies is that no single study will be able to state the precision of the claims, because each will
represent the clinical practices of the clinical provider practice represented by the sample. Yet if
taken together, we may be able to generate a more comprehensive understanding of the
relationship of disease presence and appearance in claims by studying performance across
studies which sample different populations. Currently multiple epidemiological studies have
either already linked to claims (such as National Health and Aging Trends Study (NHATS),
Washington Heights-Inwood Columbia Aging Project (WHICAP)) or are in the process of doing

so (Appendix Table 2).

Studies that Combine Data Sources
One of the newer developments in population studies is combining multiple of the data
types already discussed within a single study. Objective measures of cognition have been
combined with biomarker studies, so allowing more detailed knowledge of how the syndrome of
dementia relates to the measures observed in imaging, CSF and pathology. Due to the

complexity of recruitment and cost of these studies, they often are limited to regional or
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convenience samples rather than national samples, such as WHICAP and the Religious Orders
Study. Studies such as HRS use population sampling methods and collect survey-based measures
on large samples, which are then supplemented with sub-studies that collect clinical cognitive

status exams (ADAMS) and more recently neuroimaging.

Given the discussion of changing diagnostic criteria for AD that include both clinical and
biological definitions of disease, it is important to note that there is currently no nationally
representative sample that has all of the data types one would need to capture the current
research and clinical diagnostic criteria. Such a data source would require a national sample,
survey-based and/or in-person assessments of cognitive and functional status, as well as
neuroimaging or CSF studies. While HRS is beginning to collect imaging data with a small sub-
set of its participants, doing so on a scale to allow robust national estimates of change over time

would be extremely costly.

NEW DEVELOPMENTS IN POPULATION PREVALENCE MEASUREMENT
Rise of new technologies for cognition and biomarker assessment

The pace of innovation and development in both tools for assessing cognition or risk of
cognitive decline and identification of new biomarkers makes for potential major advances in
resolving the challenge of obtaining large population data with little burden to participants and
lower costs for investigators. For example, use of handwriting analysis collected through a tablet
could increase the precision of categorizing people with very early symptoms. Currently
accepted biomarkers require amyloid imaging of the brain that necessitates infusion and MRI
scanning or lumbar puncture to obtain CSF. Both of these pose some risks to participants and

limit recruitment, particularly in some ethnic and racial populations. If newer studies use
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peripheral blood or retinal scans for amyloid, for example, population studies will be able to
close the gap in our ability to assess underlying risk in the population based on biomarkers. One
of the challenges of these new technologies is that it is difficult to anticipate which of these will
hold up against the test of further scientific discovery and be useful long into the future once

inserted into large, longitudinal population-based studies.

Electronic Health Record Data

Recently, publications are emerging that seek to identify people with AD/ADRD using
electronic health record (EHR) data. These data are complex in that they can include multiple
different types of data contained within a health systems data warehouse, including the billing
data, structure data elements that list diagnosis, and increasingly the text within notes. Like
claims data, EHR data have the same limitation of relying on presenting to the health care system
to be identified, although EHR data may be more sensitive with the added data elements. Among
all these studies few have validated their identified population against a gold or even a reference
standard that includes objective cognitive measurement. Most use the structured diagnosis data
from the billing process in EHRs or use case review to confirm diagnosis rather than compare to
determination of disease status using standardized clinical assessments (Shao et al, 2019; Reuben

et al, 2017; McGuiness et al, 2019).

NON-AD FORMS OF DEMENTIA
An important contribution of population-based studies of dementia over the past 25 years
is the clear evidence that multiple neuropathological changes are typically present in the brains
of older adults, so it is rare for there to be a single pathological cause for dementia. In other

words, nearly all dementia in representative samples of older adults is “mixed dementia,” rather
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than “pure” AD, vascular dementia, or frontotemporal dementia. For instance, Boyle and
colleagues (2018) showed that, in the Religious Orders Study (ROS)/Memory and Aging Project
(MAP) population-based samples, nearly 60% of those who died had three or more
neuropathologies (including AD; Lewy body; hippocampal sclerosis; TDP 43; vascular infarcts;
arteriolar sclerosis; atherosclerosis; cerebral amyloid angiopathy), and there were more than 230
different neuropathologic combinations, each of which occurred in less than 6% of the cohort. In
addition, in the ROS/MAP sample, currently identified neuropathologies accounted for only
about 40 percent of the variation in late-life cognitive decline, suggesting that there are still other
pathologies or causal pathways yet to be identified that have a significant impact on the risk for

dementia in later life (Boyle et al, 2013).

The complexity of the neuropathological causes for typical late-life dementia among
older adults raises the question of whether it is feasible for population-based studies to make
valid estimates of the different sub-types of dementia, and whether the significant cost associated
with neuroimaging (as in the case of vascular dementia), neurological exams (to distinguish
Lewy Body dementia from Parkinson’s with dementia) and collection of neuropathological data
in large population-based studies would be a good scientific investment. In addition to the need
for additional testing, the sampling frames and size may have to be large to reach important sub-
populations. For example, the younger age of onset of frontotemporal dementia may necessitate

larger samples of people aged 45-60.

SUMMARY OF THE CHALLENGES AND RECOMMENDATIONS
Accurate measurement of population prevalence of AD/ADRD is a critical activity for

social and behavioral sciences related to aging. Its importance has been recognized by the
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initiation of the National Alzheimer’s Plan* and significant increase in public funding to address
the burden these diseases place on individuals, families, and society. Over decades of measuring
prevalence, we have gained much knowledge and also identified challenges in our ability to
assess population prevalence with accuracy in a way that can keep pace with evolving scientific
conceptualization of the disease status.

One can consider each of the data sources discussed above in terms of its validity for
estimating the prevalence of true disease, but given the shifting scientific definitions of what it
means to have dementia due to Alzheimer's disease, it is also critical to consider a data source's
suitability for the specific purpose of the measured prevalence, or fitness for use (Weiskopf et al,
2017). The term “fitness for use” comes out of the electronic health record secondary use
literature but has applicability to use of data in other contexts. One of the key principles to guide
investments in future measurement is to acknowledge that there can be no single best source of
data, and that the value of each data source depends on how the information gleaned from the
data will be put to use. We propose that to answer the question of how future data collection to
assess population prevalence of AD/ADRD should proceed requires a nuanced understanding of
the assumptions, biases, and inherent limitations of any given method when no single data source

can be perfect.

Since the impact of cognitive decline on individuals, families, and public programs
becomes most prominent when the disability “threshold” is reached, we believe a key priority for

future dementia prevalence measurement is to continue to track the “dementia syndrome”

4 National Alzheimer's Plan. Retrieved from https://aspe.hhs.gov/national-plan-address-
alzheimers-disease-and-other-napa-documents
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characterized by both cognitive and functional impairment. This definition has the benefit of
consistency over time, even though it remains a challenge to implement consistently across
populations with differing education, race / ethnicity or other social factors. Efforts to harmonize
measures of dementia prevalence across studies are as critically important as they were when
noted by Wilson and colleagues (2011) nearly a decade ago.

While large-scale population-based studies to provide estimates of dementia prevalence
will provide vital information on the current and future trends in the societal burden of the
disability related to cognitive decline, such studies would, due to challenges related to subject
recruitment and high cost, typically lack the “deep phenotyping” of neuroimaging and CSF
biomarkers that are required for the biological AT(N) definition of Alzheimer’s disease proposed
in the recent NIA-AA Research Framework (Jack et al, 2018). Hopefully, there will be
significant advances in biomarker assessments (e.g., blood-based biomarkers) that are less
invasive and less costly that would make collection in large representative samples much more
feasible.

The importance and value of accurate estimates of the prevalence of biologically defined
AD in individuals without symptoms (i.e., preclinical AD) would increase significantly if and
when successful interventions targeted at the preclinical stage of AD are identified; at that time,
investing additional resources in large-scale population-based biomarker assessments to establish
the prevalence of preclinical AD would provide important information on the size of the
population that would benefit from those treatments. Since the prevalence of biologically
defined Alzheimer’s disease will be much larger, perhaps ten times larger (Brookmeyer et al.,

2018), than the prevalence of dementia defined using cognitive and functional criteria, it will be
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extremely important to clearly define the difference between the two disease definitions for

patients, the general public, and policy makers (Karlawish et al., 2017).

Large-scale studies to identify dementia prevalence based on cognitive and functional
impairment will also typically lack the neuroimaging and other clinical data required to
accurately assess the prevalence of different dementia sub-types or etiologies (e.g., AD, vascular
dementia, or frontotemporal dementia). To better understand the population burden of these
different dementia sub-types, as well as better understand potential differences in risk factors or
outcomes of the sub-types, smaller scale studies that collect the required clinical, imaging, and
biomarker data to accurately estimate the prevalence of sub-types would be necessary (Launer
2011).

Diversifying representation across all socioeconomic, racial and ethnic, gender,
geographic and health groups is of high priority. This is particularly true as we see differing
estimates across studies for African-Americans (Barnes and Bennett, 2014) and as changing
educational level is implicated in declining prevalence of AD (Satizabal et al, 2016). The need
for better representation of populations currently under-represented in dementia studies will be
especially challenging if studies require collection of biomarker data that can only be collected in
academic clinical settings. As noted above, development of strategies for more cost-effective
collection of imaging and biomarker data in representative population-based samples will be
important if accurate estimates of current and future prevalence of preclinical AD are to be

available.

Summary
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Fundamentally, across the critical uses of population prevalence measurement of
AD/ADRD in public health, health care, and public policy, the data approach needs to rest on
clear and agreed upon measures and representation that are consistent over time. That being said,
there are specialized uses within each domain that may not be served by a unitary approach to
data collection. The challenge is to use approaches to meet the needs of end-users across
domains that can still be cross-walked and understood in the context of other methods. To the
degree that different approaches give differing estimates, we must be able to understand why
they are different, employ the measures appropriately for their use case, and articulate clearly

what our measures mean when speaking with the broad community of stakeholders.
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