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Abstract

Objectives: This study provides the first comparison of trends in dementia prevalence in the U.S. population using 3 dif-
ferent dementia ascertainments/data sources: neuropsychological assessment, cognitive tests, and diagnosis codes from
Medicare claims.

Methods: We used data from the nationally representative Health and Retirement Study and Aging, Demographics, and
Memory Study, and a 20% random sample of Medicare beneficiaries. We compared dementia prevalence across the 3
sources by race, gender, and age. We estimated trends in dementia prevalence from 2006 to 2013 based on cognitive tests
and diagnosis codes utilizing logistic regression.

Results: Dementia prevalence among older adults aged 70 and older in 2004 was 16.6% (neuropsychological assess-
ment), 15.8% (cognitive tests), and 12.2% (diagnosis codes). The difference between dementia prevalence based on
cognitive tests and diagnosis codes diminished in 2012 (12.4% and 12.9%, respectively), driven by decreasing rates of
cognitive test-based and increasing diagnosis codes-based dementia prevalence. This difference in dementia prevalence
between the 2 sources by sex and for age groups 75-79 and 90 and older vanished over time. However, there remained
substantial differences across measures in dementia prevalence among blacks and Hispanics (10.9 and 9.8 percentage
points, respectively) in 2012.

Discussion: Our results imply that ascertainment of dementia through diagnosis may be improving over time, but gaps
across measures among racial/ethnic minorities highlight the need for improved measurement of dementia prevalence in
these populations.

Keywords: Cognitive tests, Diagnosis codes, Neuropsychological assessment, Racial/ethnic minorities, Trends

Rising life expectancy has led to an increasing prevalence
of diseases more common at old age, such as Alzheimer’s
disease (AD) and related dementias. The number of
Americans aged 65 and older with AD and other dementias
was about 7 million in 2012 and is projected to increase
to almost 12 million by 2040 (Zissimopoulos et al., 2018).

The annual per case cost of AD is estimated to increase
from $71,303 to $140,000 from 2010 to 2050, with

total population annual costs increasing from $307 bil-
lion, including $181 billion in medical costs paid out-of-
pocket and by Medicare and Medicaid, and $126 billion
in the value of unpaid caregiving by family, to $1.5 tril-
lion (Zissimopoulos et al., 2014). Accurate estimates and
forecasts of dementia prevalence in the United States will
aid families, policy makers, and health care providers in
planning for the social, economic, and health burden of
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this costly and formidable disease. However, estimates of
dementia prevalence for the U.S. population vary widely,
driven in large part by differences in dementia ascertain-
ment and study populations (Brookmeyer et al., 2011;
Prince et al., 2016).

Neuropsychological assessment of dementia may pro-
vide high accuracy in ascertaining dementia prevalence, but
is typically performed only in small and nonrepresentative
samples, thus limiting its usefulness for quantifying pop-
ulation levels and changes over time (Brookmeyer et al.,
2011; Demirovic et al., 2003; Gurland et al., 1999; Hebert
et al., 2013; Rocca et al., 2011). One study, the Aging,
Demographics, and Memory Study (ADAMS), identified
dementia using neuropsychological assessment conducted
by experts including neuropsychologists and neurologists
in a sample that, when weighted, is nationally representa-
tive of older adults in the United States. Sample sizes, how-
ever, are small and the study has not been repeated over
time (Crimmins et al., 2011; Plassman et al., 2007).

Cognitive tests of respondents in large-scale surveys
such as the Health and Retirement Study (HRS) are an-
other source for quantifying dementia prevalence and
trends in the population (Chen & Zissimopoulos, 2018;
Crimmins et al., 2011, 2018; Langa et al., 2017). The HRS
is well-suited for studying trends in dementia prevalence
for two reasons. First, the longitudinal, panel data provide
multiple assessments of the same individual’s cognition
over time. Second, HRS allows for estimating population
trends in dementia by observing nationally representative
samples over time (Langa et al., 2017; Rocca et al., 2011).
However, dementia ascertainment from cognitive tests
may overestimate rates for some individuals, such as those
with low education or nonnative English speakers (Crum
et al., 1993; Ganguli et al., 2010; Gianattasio et al., 2019;
Spering et al., 2012).

Medicare claims data are a potentially rich source for
estimating dementia prevalence and trends because of
Medicare’s broad coverage of Americans aged 65 and older.
Beneficiaries” health care claims, from both outpatient serv-
ices and inpatient facilities, are recorded over long periods,
usually from age 65 until the beneficiary’s death. Studies,
however, have found that these records have measurement
errors (Amjad et al., 2018; Bradford et al., 2009; Chodosh
et al., 2004; Taylor et al., 2009).

Taylor et al. (2009) compared dementia diagnosis in
Medicare claims from 1993 to 2005 with neuropsycholog-
ical assessment in the ADAMS 2001-2003 and reported
that 14.5% of individuals classified as having dementia
based on neuropsychological assessment were without a
diagnosis code for dementia in their Medicare claims re-
cords. Amjad et al. (2018) compared cognitive test-based
dementia and dementia diagnosis using the 2011 wave of
the National Health and Aging Trends Study (NHATS)
and Medicare claims and found that 39.5% of those with
dementia based on cognitive testing were undiagnosed in
Medicare. However, this number may overestimate the

measurement error as ascertainment of dementia based
on cognitive test performance at a single interview was
found in other studies to overestimate dementia (Freedman
et al., 2018; Zissimopoulos et al., 2018). Chen et al. (2019)
compared cognitive decline and diagnosis using HRS data
linked with respondents’ Medicare claims and found that
85% of respondents with incident dementia measured
by cognitive decline received a diagnosis or died within
4 years, with lower odds of diagnosis among blacks and
Hispanics compared to whites. In this study, we used data
from three samples, broadly representative of the U.S. pop-
ulation, to estimate the level and trends over time of de-
mentia prevalence. We quantified prevalence differences
from three measurement approaches and data sources: neu-
ropsychological assessment from the ADAMS, cognitive
tests from the HRS, and diagnosis codes from Medicare
claims records. We improved upon prior comparisons of
survey-based and claims-based prevalence measures with
methods that require an individual to have more than one
dementia ascertainment over time to reduce measurement
error in dementia estimates. Additionally, we analyzed
levels in 2004 and time trends in prevalence rates previ-
ously measured, from 2006 to 2013, and separately for
whites, blacks, and Hispanics, men and women, and per-
sons of different ages. Quantifying the differences in esti-
mated prevalence across measures and sources over time
improved our understanding of strengths and weaknesses
in using Medicare claims and survey-based cognitive tests
for tracking dementia trends over time and in different ra-
cial and ethnic populations.

Method

Data and Study Population

We used data from the HRS, the ADAMS, and a 20% random
sample of Medicare beneficiaries and their Medicare Parts
A and B health care claims. We compared the prevalence of
dementia at a point in time that is common across all three
data sources, 2004, and for respondents aged 70 and older.
We then analyzed trends in dementia prevalence for the
subsequent years, 2006-2013 for the two longitudinal data
sources (HRS and Medicare claims) for respondents aged
67 and older. Internal review board approval was granted
by the University of Southern California.

Health and Retirement Study

The HRS is a biennial, nationally representative longi-
tudinal study of adults aged 51 years and older. Since
the first study year, 1992, it has included oversamples of
African Americans and Hispanics. HRS collects data on
a wide range of topics including cognition, health, family,
employment, income, and wealth. We selected respond-
ents from the 2004 wave of the study, aged 70 years and
older (7,768 persons). Also, we selected respondents aged
67 and older from survey waves 2006, 2008, 2010, and
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2012 (13,922 persons and 40,234 person-waves). For
analyses, respondents were both community-dwelling
and in nursing homes. Participants were compensated
about $80 for their participation, and verbal informed
consent was obtained from all respondents. Ethics ap-
proval was from the Health Sciences and Behavioral
Sciences institutional review board at the University of
Michigan. The average participation rate across waves
among nondeceased eligible individuals in the HRS
1992-2014 sample is 86% at the population level and
87%, 87%, and 85% among white, black, and Hispanic
nondeceased eligible persons (unweighted; numbers are
calculated by authors), respectively.

Aging, Demographics, and Memory Study

A random subsample of 1,770 individuals, aged 70 and
older, stratified based on cognitive performance, age, and
sex, were selected from HRS 2000 and 2002 interview
waves for participation in ADAMS. Assessments were
completed for 856 individuals between August 2001 and
December 2003 with follow-up through March 2005
(Heeringa et al., 2009). We used information from the
initial wave and first follow-up wave (approximately
1.5 years later) that included reassessments of the ini-
tial diagnosis that were ambiguous or for persons with
cognitive impairment without dementia (Plassman et al.,
2011). When weighted, the sample is representative of
the aged 70 and older population over the 2-year data
collection window. Consent was obtained from respond-
ents and approved by the University of Michigan insti-
tutional review board. The participation rate in ADAMS
wave A (2001-2003) among nondeceased and eligible
persons at the population level is 56% (Heeringa et al.,
2009). The participation rate among nondeceased and
eligible whites is lower than that among nondeceased
and eligible African Americans and Hispanics (54%,
61%, and 60% among whites, African Americans, and
Hispanics, respectively; unweighted). We selected all re-
spondents with completed neuropsychological assess-
ments (856 persons).

Medicare claims

We used Medicare Parts A (hospital stays) and B (out-
patient) claims data from a 20% random sample of
Medicare beneficiaries enrolled in fee-for-service (FFS)
in the years 2004-2013. Board of the University of
Southern California granted a waiver of participant con-
sent. We selected beneficiaries aged 70 and older in 2004
(3,649,190 persons) and beneficiaries aged 67 and older
in years 2006-2013 (6,603,477 persons and 32,886,153
person-years). All selected Medicare beneficiaries were
continuously enrolled in Medicare FES for at least
3 years. The 3-year continuous enrollment requirement
excludes 15.6% (1,362,927 persons) of all Medicare
beneficiaries enrolled in FFS for at least 12 months from
2004 to 2013 at age 65 and older.

Measurement of Dementia in ADAMS, HRS, and
Medicare Claims Data Sources

Dementia measured using cognitive tests (HRS)

HRS assessed cognitive functions through an adapted
version of the Telephone Interview for Cognitive Status
(TICS). TICS was modeled after the Mini-Mental State
Examination (MMSE) which has been extensively used
in neuropsychological assessment of cognition (Brandt
et al., 1988; Folstein et al., 1975). Spanish versions
were developed for each questionnaire and were admin-
istered by bilingual interviewers to Spanish-speaking
respondents (http://hrsonline.isr.umich.edu/sitedocs/
surveydesign.pdf). Imputation for item nonresponse was
performed and described in the study of Fisher et al.,
2017. We followed prior studies on the classification of
dementia, which is based on the concordance of HRS
cognitive functioning scores and consensus diagnosis
of dementia in a subset of HRS respondents who had
an extensive neuropsychological assessment in ADAMS
(Crimmins et al.,2011; Langa et al., 2017; Zissimopoulos
et al., 2014). Scores on several questions that meas-
ured cognition determined dementia ascertainment.
Specifically, we assigned cognitive state based on scores
from three cognitive assessments for self-respondents—
immediate and delayed word recall (scale 0-10 for each
test), counting down from 100 by 7’s (scale 0-5), and
counting back from 20 (scale 0-2). Those with a total
cognitive score (scale 0-27) were categorized into three
groups based on their cognitive status: dementia (score
0-6), cognitively impaired no dementia (CIND; score
7-11), and cognitively normal (score 12-27). Cognitive
status for respondents who had a proxy respondent was
determined by summing the following: number (0-5) of
limitations with instrumental activities of daily living;
interviewer’s rating of the respondent’s difficulty fin-
ishing the interview due to cognitive limitations (0 = no
cognitive limitations, 1 = some limitations, and 2 = cog-
nitive limitations); and proxy informant’s rating of the
respondent’s memory (from 0 = excellent to 4 = poor).
Individuals with proxy scores were also classified into
three groups: dementia (score 6-11), CIND (score 3-5),
and cognitively normal (score 0-2). Some respondents in
HRS changed dementia status over time, that is, transi-
tioned into or out of dementia. For dementia ascertain-
ment in HRS, we required an individual to be classified
as having dementia in one wave and classified as having
dementia or CIND in the subsequent wave. Those with
dementia at one wave who died before the next wave
were assumed to have dementia. Once an individual was
classified as having dementia, we assumed they had de-
mentia thereafter. Zissimopoulos et al. (2018) reported
that the difference between dementia prevalence based
on a single assessment is 5 percentage points higher than
based on this two-wave assessment (21% compared to
16%) at age 835. A similar two-wave assessment was used
and validated in another recent study using NHATS data
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(Freedman et al., 2018). Although the measurement of
dementia status in HRS is based on the concordance with
neuropsychological assessment in ADAMS, dementia
prevalence may differ across samples due to differences
in sample characteristics and ascertainment of dementia
in the two studies.

Dementia measured using neuropsychological

assessment (ADAMS)

Diagnosis of dementia in ADAMS was based on neu-
ropsychological assessments structured in a 3- to 4-h
in-home interview, which was conducted by a neuro-
psychology technician and a nurse. The final diagnosis
was established by consensus conferences consisting of
neuropsychologists, a cognitive neuroscientist, neurolo-
gists, neuropsychiatrists, and internists. Several cogni-
tive tests were conducted including the MMSE, Boston
naming test, digit span, Symbol Digit Modality Test, an-
imal fluency, word list three trial learning, construction
praxis copying, Trail Making Test, Wechsler Memory
Scale, Fuld Object Memory Test, Shipley vocabulary
test, and the WRAT 3 blue reading test. Proxy reports
were based on the Blessed Dementia Ratings, including,
for example, questions about the ability to accomplish
household tasks, manage small amounts of money, and
remembering a short list (Blessed et al., 1968; Crimmins
et al., 2011; Langa et al., 20035).

Dementia measured using diagnosis codes

(Medicare Claims)

Providers that bill Medicare use codes for patient diag-
noses, and more than one diagnosis code is allowed. In
Medicare claims, we ascertained dementia based on the
Chronic Conditions Data Warehouse (CCW) algorithm for
AD or related disorders or senile dementia using the fol-
lowing International Classification of Disease, ninth revi-
sion diagnosis codes: 331.0, 331.11, 331.19, 331.2, 331.7,
290.0, 290.10, 290.11, 290.12, 290.13, 290.20, 290.21,
290.3, 290.40, 290.41, 290.42, 290.43, 294.0, 294.10,
294.11, 294.20, 294.21, 294.8, and 797. We added ad-
ditional diagnostic codes for dementia with Lewy bodies,
cerebral degeneration, senile psychosis, and dementia clas-
sified elsewhere: 331.82, 331.89, 331.9, 290.8, 290.9, and
294.9. The CCW algorithm requires at least one inpa-
tient, facility, home health, or outpatient billed claim with
one of the dementia diagnosis codes during 3 years. For
example, a dementia diagnosis code in 2004 uses claims
data from 2002, 2003, and 2004. We additionally required
a second diagnosis claim over the study period to reduce
measurement error from false positives (verified dementia).
Beneficiaries who died within 2 years after the first diag-
nosis were assumed to have dementia. We compared de-
mentia prevalence based on this verification to a different
method requiring no second claim for dementia diagnosis
(unverified dementia). Dementia prevalence was 14.1%

based on verified ascertainment and 15.3% based on un-
verified in 2013.

Demographic Variables

We grouped respondents into six age groups (67-69,
70-74, 75-79, 80-84, 85-89, and 90 and older) and four
racial/ethnic groups (non-Hispanic white, non-Hispanic
black, Hispanic, and other races). We included the distri-
bution of education in HRS/ADAMS, and we divided the
sample into three education levels (less than high school,
high school, and some college and above). Race was self-
reported in HRS/ADAMS and claims data. Race/ethnicity
was determined with the beneficiary race code in the Center
for Medicare & Medicaid Services (CMS) enrollment data
using the application of a name-based identification algo-
rithm from the Research Triangle Institute to improve ac-
curacy (Eicheldinger & Bonito, 2008).

Analysis

We compared dementia prevalence based on neuropsy-
chological assessment, cognitive tests, and diagnosis codes
from Medicare claims records by race, gender, and age in
2004—a point in time that was comparable across all three
data sources. We estimated trends over time in dementia
prevalence using logistic regression adjusting for age, sex,
and race and separately for HRS and Medicare claims data
(Equation 1). We chose the years 2006 to 2013 to study
trends in dementia prevalence.

Equation 1:

Dementia;
n————
1 — Dementia;

I

=Ro + PB1black; + B, hispanic; + Bzother;
+ B4age7074; + Bsage7579;

+ PBsage8084; + B7age8589; + Pgage90above;
+ Bofemale; + 3192007;

+ 112008, + 122009; + $132010; + B142011;
4+ B152012; + f162013; (1)

The same model is estimated using data from the HRS
with the exception that year indicators are 2008, 2010,
and 2012, reflecting the biennial nature of the HRS. We
computed the predicted values of dementia prevalence by
age, sex, race, and year. For example, we estimated pre-
dicted values of dementia prevalence rates among whites
in 2012 with age and sex measured at their mean values
among whites in 2012. We additionally used direct
standardization to standardize the 2012 sample based on
the age-, sex-, and race distribution of the 2006 sample.
We compared standardized and nonstandardized prev-
alence rates in 2012. We tested for differences in time
trends across data sources and measures by pooling the
HRS and Medicare claims data, re-estimating the model
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Table 1. Sample Characteristics From ADAMS, HRS, and Medicare Claims Data Sources, Aged 70 and Older, 2004

ADAMS (2001-2005) HRS 2004 Claims 2004
Race
White 87.1% (746) 84.8% (6,589) 86.3% (31,499,03)
Black 7.6% (65) 8.0% (618) 7.0% (256,446)
Hispanic 5.3% (45) 5.4% (421) 4.3% (158,082)
Other race N/A 1.8% (139) 2.3% (84,759)
Gender
Male 39.3% (336) 40.2% (3,125) 39.1% (1,427,157)
Female 60.7% (520) 59.8% (4,643) 60.9% (2,222,033)
Age group (years)
70-74 26.9% (230) 33.6% (2,608) 32.6% (1,188,062)
75-79 31.5% (269) 28.6% (2,220) 29.4% (1,072,628)
80-84 22.5% (193) 21.1% (1,635) 21.3% (776,827)
85-89 12.4% (106) 11.5% (896) 11.3% (413,713)
90 and older 6.7% (58) 5.3% (408) 5.4% (197,960)
Education
Less than high school 34.8% (299) 32.3% (2,491) N/A
High school 28.1% (240) 33.1% (2,574) N/A
College 37.1% (317) 34.7% (2,704) N/A
Total 856 7,768 3,649,190

Notes: ADAMS = the Aging, Demographics, and Memory Study; HRS = Health and Retirement Study; Claims = Medicare claims. Values in ADAMS are weighted
by the ADAMS sampling weights. Values in HRS are weighted by the HRS sampling weights.

including an indicator variable for HRS as the data
source and interacting this indicator with the race, sex,
age, and year covariates.

Results

Dementia Prevalence in 2004 Based on
Neuropsychological Assessment, Cognitive
Tests, and Diagnosis Codes

Table 1 displays the demographic characteristics (race, sex,
age group, and education) of persons aged 70 and older
in the three data sources: ADAMS, HRS, and Medicare
claims in 2004. The racial/ethnic population distribution
in ADAMS was blacks 7.6 %, Hispanics 5.3%, and whites
87.1%; in HRS: blacks 8.0%, Hispanics 5.4%, whites
84.8%, and other race 1.8%; and in Medicare claims:
blacks 7.0%, Hispanics 4.3%, whites 86.3%, and other
race 2.3%. Individuals in the youngest age group, 70 to 74,
and in the oldest, 90 and older, respectively, were 26.9%
and 6.7% of ADAMS respondents, 33.6% and 5.3% of
HRS respondents, and 32.6% and 5.4% of the sample of
Medicare beneficiaries.

Figure 1 (and Supplementary Table 1) shows dementia
prevalence based on neuropsychological assessment, cog-
nitive tests, and diagnostic codes on claims by sex, age,
and race. Dementia prevalence in 2004 was 16.6% (neu-
ropsychological assessment), 15.8% (cognitive tests), and
12.2% (diagnosis codes). Dementia prevalence for both
men and women was higher based on neuropsychological
assessment (men, 12.3%; women, 19.4%) and cognitive

- A
300% o, %
M%¢.A¢.A¢.A¢.A¢.A%.A + :

Total Male  Female  70-74 75-79 80-84  85-89 90+ White Black  Hispanic

10.0%

9 Neuropsychological @ Cognitive tests (HRS) A Diagnosis codes (claims)

assessment (ADAMS)

Figure 1. Dementia prevalence for the U.S. population and by race,
gender, and age in neuropsychological assessment (ADAMS), cog-
nitive tests (HRS), and diagnosis codes (Medicare claims), aged 70
and older, 2004 with 95% confidence intervals. ADAMS = the Aging,
Demographics, and Memory Study; HRS = Health and Retirement
Study; Claims = Medicare claims. Values in ADAMS are weighted by
the ADAMS sampling weights. Values in HRS are weighted by the HRS
sampling weights.

tests (men, 14.0%; women,17.0%) than based on diag-
nosis codes (men, 9.4%; women, 14.0%). Percentage point
differences between neuropsychological assessment and di-
agnosis codes were higher among women (5.4 percentage
point difference) than among men (2.9 percentage point
difference).

Differences across ascertainment methods and data
sources were particularly pronounced for the oldest age
group, 90 and older, with rates of 44.0% based on neu-
ropsychological assessment, 47.9% based on cognitive
tests, and 34.1% based on diagnosis codes (Figure 1;
Supplementary Table 1). There were substantial differ-
ences across measures in dementia prevalence among
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ethnic minorities. Dementia prevalence for blacks based
on neuropsychological assessment, cognitive test, and di-
agnosis codes was 23.5% (95% confidence interval [CI],
16.8%-30.1%), 39.3% (95% CI, 36.1%-42.5%), and
16.7% (95% CI, 16.6%-16.8%), respectively. Dementia
prevalence among Hispanics was 24.7% (95% CI, 15.3%—
34.1%), 29.3% (95% CI, 25.5%-33.1%), and 11.5%
(95% CI, 11.4%-11.7%), respectively.

Dementia Prevalence Based on Cognitive Tests
and Diagnosis Codes Over Time

Figure 2 shows the predicted values of dementia prev-
alence at the population level in 2006 and 2012 from
cognitive tests and diagnosis codes. We used estimates
obtained from logistic regressions adjusting for age, race,
and sex to compute predicted values of dementia preva-
lence (Table 2 reports the odds ratio estimates). In 2006,
the prevalence was higher based on cognitive tests than
that based on diagnosis codes. In 2012, however, there
was no such difference in prevalence rates. Prevalence
based on cognitive tests was 13.8% (95% CI, 12.3%—
15.5%) in 2006 and, statistically significantly lower,
12.4% (95% CI, 11.0%-14.0%) in 2012 (Table 2).
Dementia prevalence in 2008 and 2010 was not statis-
tically significantly different from that in 2006 (Table 2).
Dementia prevalence based on diagnosis codes increased
from 2006 to 2012 (diagnosis codes in 2006, 11.9%;
95% CI, 11.9%-12.0% and in 2012, 12.9%; 95% CI,
12.9%-13.0%). Time trends across data sources were
statistically different (Supplementary Table 5, Model 3).
Standardizing the composition of the population in 2012
based on the age, sex, and race/ethnicity of the popula-
tion in 2006 did not result in substantively different rates
of dementia prevalence in 2012 (12.3% and 12.7% based
on cognitive test and diagnosis codes in claims, respec-
tively; Supplementary Table 4).

Figure 3 shows estimates of dementia prevalence based
on cognitive tests and diagnosis codes separately by sex
(Figure 3A), age (Figure 3B), and race/ethnicity (Figure 3C)

18%
16%
14% I

12% l l
10%
8%
6%
4%
2%
0%

2006 2012

O Cognitive tests (HRS) [ Diagnosis codes (Claims)

Figure 2. Predicted values of dementia prevalence based on cognitive
tests (HRS) and diagnosis codes (claims) from logistic models adjusting
for race, sex, age group, and wave in HRS and claims, aged 67 and older,
2006 and 2012. HRS = Health and Retirement Study; Claims = Medicare
claims; predicted values of dementia prevalence in HRS are weighted
by the HRS sampling weights; 95% confidence intervals (Cls) are in-
cluded in the figure and 95% Cl adjusted by Bonferroni correction.
Full color version is available within the online issue.

in 2006 and 2012 from logistic regressions (estimates for
all years in Supplementary Table 2). There was a 3.1 per-
centage point difference in dementia prevalence based on
cognitive tests and diagnosis codes among men in 2006 that
reduced to 1.2 percentage points by 2012 (cognitive tests,
10.9%; 95% CIL, 9.6%-12.2% and diagnosis codes, 9.7 %;
95% CIL, 9.7%-9.7%). Among women, the difference
across measures in 2006 was 1 percentage point and 0.6 in
2012 (cognitive tests, 13.6%; 95% CI, 12.1%-15.2% and
diagnosis codes,14.2%; 95 % CI, 14.1%-14.2%; Figure 3A
and Supplementary Table 2 report predicted values of de-
mentia prevalence by sex).

The percentage difference in dementia prevalence across
measures was most pronounced at age 67-74 compared
to age 75 and older in 2006 and 2012. In 2012, dementia
prevalence based on cognitive tests was statistically signif-
icantly higher than that based on diagnosis codes among
persons aged 67-69 (cognitive tests, 4.8%; 95% CI, 4.0 %—
5.6% and diagnosis codes, 3.0%; 95% CIL, 3.0%-3.0%)
and aged 70-74 (cognitive tests, 6.7%; 95% CI, 5.9%—
7.5% and diagnosis codes, 5.5%; 95% CI, 5.5%-5.5%).
At the oldest age, persons 90 and older, the 4.1 percentage
point difference between these two measures in 2006
(cognitive tests, 43.4%; 95% CI, 39.7%-47.1% and di-
agnosis codes, 39.3%; 95% CI, 39.2%-39.4%) reduced
to 0.7 percentage points in 2012 (cognitive tests, 40.2%;
95% CI, 36.7%-43.7% and diagnosis codes, 40.9%;
95% ClI,40.8%—41.0%) and was not statistically different
(Figure 3B; Supplementary Table 2).

There was a large difference in dementia prevalence
from the two sources based on cognitive tests and based
on diagnosis codes among blacks and Hispanics, which
decreased over time. In 2006 the difference between the
two measures was 15.1 percentage points among blacks
(cognitive tests, 31.2%; 95% CI, 28.3%-34.1% and diag-
nosis codes, 16.1%; 95% CI, 16.0%-16.1%) and 14.0 per-
centage points among Hispanics (cognitive tests, 27.2%;
95% Cl, 24.3%-30.5% and diagnosis codes, 13.2%; 95%
CI, 13.1%-13.3%). The gap across measures was smaller
in 2012: 10.9 percentage points among blacks (cognitive
tests, 28.1%; 95% CI, 25.4%-31.1% and diagnosis codes,
17.2%395% CI,17.1%-17.3%) and 9.8 percentage points
among Hispanics (cognitive tests, 24.8%; 95% CI, 22%—
27.6% and diagnosis codes, 15.0%; 95% CI, 14.9%-15%;
Figure 3C and Supplementary Table 2).

Discussion

We analyzed the prevalence of dementia in samples
broadly representative of the U.S. population and by sex,
age, and race/ethnicity for years from 2004 through 2013
using three different measurement approaches and data
sources: neuropsychological assessment (ADAMS), cog-
nitive tests (HRS), and diagnosis codes (Medicare claims).
We found dementia prevalence for age 70 and older in
2004 was highest based on neuropsychological assess-
ment and lowest based on diagnosis codes from claims
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Table 2. Odds Ratios for Presence of Dementia Based on Cognitive Tests (HRS) and Diagnosis Codes (Medicare Claims), Aged

67 and Older, 2006-2013

(1)

Cognitive tests (HRS)

)

Diagnosis codes (Claims)

Presence of dementia Odds ratio 95% CI Odds ratio 95% CI
Male 1 1-1 1 1-1
Female 1.05 0.95-1.13 1.28*% 1.28-1.28
White 1 1-1 1 1-1
Black 4.91% 4.41-5.42 1.68* 1.67-1.69
Hispanic 4.22% 3.69-4.79 1.46* 1.45-1.47
Other races 1.89% 1.52-2.33 0.98* 0.97-0.99
67-69 1 1-1 1 1-1
70-74 1.44* 1.22-1.71 1.88* 1.87-1.9
75-79 2.43% 2.04-2.85 3.91% 3.89-3.94
80-84 4.36% 3.66-5.14 7.51% 7.46-7.57
85-89 8.86% 7.42-10.51 13.09* 12.99-13.19
90 and older 17.22% 14.19-20.71 21.91% 21.74-22.08
2006 1 1-1 1 1-1
2007 1.05* 1.04-1.05
2008 0.95 0.84-1.06 1.08* 1.08-1.09
2009 1.11* 1.11-1.12
2010 0.97 0.86-1.1 1.12* 1.12-1.12
2011 1.10* 1.1-1.11
2012 0.85% 0.75-0.96 1.083* 1.08-1.09
2013 1.02% 1.01-1.02
Constant 0.04* 0.03-0.04 0.0232* 0.02-0.02
Observations 40,224 32,855,743

Pseudo R? 0.146 0.1194

Notes: CI = confidence interval; HRS = Health and Retirement Study; Claims = Medicare claims; samples restricted to age 67 and older. 95% CI adjusted by

Bonferroni correction.

*p < .001.

(16.6% [neuropsychological assessment], 15.8% [cog-
nitive tests], and 12.2% [diagnosis codes]). Dementia
prevalence based on cognitive tests was lower in 2012
(12.4%) compared to 2006 (13.8%), reflecting a decline
from 2010 to 2012 and no difference in prevalence in
years 2006, 2008, and 2010. This decline was also con-
sistent with that reported in the studies of Langa et al.
(2017) and Freedman et al. (2018). In contrast, dementia
prevalence based on diagnosis codes rose over time
(2006, 11.9%; 2012, 12.9%). Changes in the age, sex,
and racial/ethnic composition of the population did not
explain the time trends.

Subgroup analysis of the three measures in 2004 and for
cognitive tests and diagnosis codes in 2006-2012 revealed
several consistencies across all measures: dementia preva-
lence was higher for women than men, increased with age,
and was higher for blacks and Hispanics than whites.

Over time, dementia prevalence for all age groups, for
men and women, and for whites, blacks, and Hispanics de-
clined based on cognitive tests and increased based on di-
agnosis codes from claims, thereby reducing the difference
across measures for these subpopulations over time. The

notable difference in dementia prevalence based on cogni-
tive tests and diagnosis codes for both men and women
in 2006 was not statistically different for either sex by
2012. Similarly, the differences between these measures of
prevalence among those aged 90 and older vanished over
time. Notably, dementia prevalence based on both cogni-
tive tests and diagnosis codes among people aged 90 and
older in 2012 was 40.2% and 40.9%, respectively. This
estimate combined with an increase in the proportion of
older Americans aged 90 and older from 5.2% of those
aged 65 and older to 9.9% by 2050 (Vincent & Velkoff,
2010) will drive the growth in number of Americans with
dementia and in burden of dementia in the future. Across
racial/ethnic populations, there were substantial differences
in dementia prevalence across measures and data sources
and these differences reduced, but did not vanish over time.
Cognitive test-based prevalence was the highest and diag-
nosis code-based prevalence was the lowest among ethnic
minorities. Our results highlight the strengths and weak-
nesses of the different data sources and different measures
for quantifying dementia prevalence for the U.S. population
and for different subpopulations. Medicare claims data are
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Figure 3. Dementia prevalence by sex (A), age (B), and race (C) based on
cognitive tests (HRS) and diagnosis codes (claims) from logistic models
adjusting for race, sex, age group, and wave in HRS and claims, aged
67 and older, 2006 and 2012. (A) Dementia prevalence by sex, 2006 and
2012; (B) dementia prevalence by age, 2006 and 2012; and (C) dementia
prevalence by race, 2006 and 2012. HRS = Health and Retirement Study;
Claims = Medicare claims; predicted values of dementia prevalence in
HRS are weighted by the HRS sampling weights; 95% confidence inter-
vals (Cls) are included in the figure and 95% CI adjusted by Bonferroni
correction. Full color version is available within the online issue.

available for a large population of older Americans and as
such have large samples of ethnic minorities. There are no
other data sources with such significant numbers of minor-
ities from across the regions of the United States. Doctors
may take into account many factors such as cardiovascular
health, education level, and including but not limited to cog-
nition in determining a dementia diagnosis. Diagnosing de-
mentia in racial and ethnic populations may be improving
over time. Although we do not analyze what is driving these
changes, factors may include changing social and cultural
norms about the stigma associated with dementia and/or

improvement in awareness of dementia by both physicians
and patients (Amjad et al., 2018; Chodosh et al., 2004).
However, there are two primary limitations. The sample
only includes older Americans enrolled in Medicare FFS
and not those enrolled in Medicare Advantage (MA). The
portion of beneficiaries enrolled in MA has been increasing
over time and these populations may have different rates
of dementia. Second, despite potential improvements in
identifying dementia in racial/ethnic minority popula-
tions, dementia may still be underdiagnosed (Chen et al.,
2019; Gianattasio et al., 2019). Increases in diagnosis code
measures of dementia prevalence over time among racial/
ethnic minorities that are explained by changing norms
and awareness may obscure information about changes in
dementia risk.

The HRS sample includes older Americans enrolled in
either FFS or MA and when weighted, is nationally rep-
resentative. The cognitive test-based measures of dementia
in HRS were validated by neuropsychological exams and
are correlated with well-known risk factors of dementia
including low education and cardiovascular risk factors
(Chen & Zissimopoulos, 2018; Langa et al., 2017). Thus,
the declining trend in dementia over time may provide the
signal of declines in dementia risk in the U.S. population.
However, these data and measures also have limitations
for measuring the prevalence of dementia in the popu-
lation and among racial/ethnic subpopulations. Several
studies have found that a cognitive test-based measurement
approach had lower specificity among low-educated per-
sons and nonnative English speakers (Crum et al., 1993;
Ganguli et al., 2010; Gianattasio et al., 2019; Spering et al.,
2012) and algorithmic approaches that do not adjust for
educational attainment will overestimate dementia rates
among racial/ethnic minorities (Gianattasio et al., 2019).
Indeed, dementia prevalence among blacks in 2012 from
NHATS, and based on criteria that included but were not
limited to cognitive tests, founds rates (15%) more similar
to those based on diagnosis in Medicare claims than cog-
nitive tests from HRS data (Freedman et al., 2018; Kasper
et al., 2013).

Our study has limitations. We require 3 years of con-
tinuous enrollment in FFS, standard practice for meas-
uring disease conditions based on the Chronic Conditions
Warehouse algorithm. This may underestimate diagnosis
codes-based prevalence by excluding individuals who die
within 3 years. This requirement will affect older bene-
ficiaries more than younger ones and, in particular, may
narrow differences in prevalence rates across measures
among persons aged 80-84 (Supplementary Table 2).
Medicare claims data exclude beneficiaries enrolled in
MA plans. Consistent with other studies (St. Clair et al.,
2017), respondents enrolled in MA plans are younger, more
likely to be ethnic minorities, male, and less educated than
those in FFS plans (Supplementary Table 3). We used data
from the HRS that included both MA and FFS enrollees
and found only small differences in dementia prevalence in
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2012 among MA beneficiaries (9.7%) and FFS beneficiaries
(10.5%).

Attributing differences (or concordance) in dementia
prevalence to how dementia is measured in analyses
of cognitive tests and neuropsychological assessment
in 2004 was complicated by potential differences in
sample composition and also by small sample sizes in
subpopulations that led to imprecise estimates. ADAMS is
a stratified (by age, sex, and cognition) random sample of
HRS self- and proxy respondents aged 70 and older who
contributed data to wave 2000 or 2002. Thus, cohorts
are not totally independent, yet there were compositional
differences in sample characteristics (Table 1). In supple-
mentary analyses (results not shown), we used linked
HRS and ADAMS data to exclude variation in sample
composition and found gaps in dementia prevalence in
racial/ethnic subpopulations and among persons aged
70-89 were due to dementia measurement. In analyses of
concordance between cognitive tests and diagnosis code
measures, we distinguished between sample composition
and dementia measurement as drivers of differences in
prevalence rates from 2006 to 2012. We found that dif-
ferential changes in the age, sex, and race composition
of the HRS and Medicare sample populations did not
explain the reduction in differences in dementia preva-
lence rates between the two measures (Supplementary
Table 4). The improvement in diagnostic practices and/
or awareness is a likely driver of the increase in preva-
lence based on diagnosis codes and the convergence in
dementia prevalence across data sources. Although this
convergence across measures is a positive sign for meas-
uring population dementia prevalence, limitations re-
main for measuring dementia prevalence among racial/
ethnic populations. In these subpopulations, dementia
is likely underestimated based on diagnosis codes and
likely overestimated based on cognitive tests. The level of
under- and overestimation is unknown.

More recent longitudinal data sources, such as NHATS,
with broadly population-representative samples and sev-
eral different measures for ascertaining dementia may add
to our understanding of levels and time trends in dementia
prevalence (Freedman et al., 2018; Kasper et al., 2013).
New data collection efforts may improve the measurement
of dementia in the U.S. population and in subpopulations
at a point in time and over time. The HRS Harmonized
Cognitive Assessment Protocol collected data on a sample
of HRS respondents in 2016 and is proposed for follow-up
in 2020 (Weir et al., 2016). The study included an in-home
1-h battery of cognitive tests and an informant interview.
There are new opportunities for clinicians to better de-
tect and diagnose dementia. The Annual Wellness Visit,
introduced in 2011, requires cognitive screening among
Medicare FFS beneficiaries and may improve the detection
of dementia among all Medicare beneficiaries (Chodosh
et al., 2018; Ganguli et al., 2017). Another opportunity is
the collaboration of community health workers, consisting

of paraprofessionals who work in communities, share
health care information and resources among the minor-
ities, and advocate dementia detection (Chodosh et al.,
2018). Considering this potential increasing detection of
dementia among blacks and Hispanics, continued tracking
of these trends in diverse populations, and using different
methods of ascertainment will aid in understanding how
risk may be changing over time as well as the extent to
which high-risk populations are receiving diagnoses. Studies
analyzing individual-level agreement in dementia ascer-
tainment based on cognitive tests and diagnosis codes will
provide additional insight into changes in risk of dementia
over time for different racial/ethnic groups, aid in targeting
resources to populations who are underdiagnosed, and as-
sist health care providers and policy makers prepare for
future dementia burden in the United States.
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Supplementary data are available at The Journals of
Gerontology, Series B: Psychological Sciences and Social
Sciences online.
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