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Objective. To estimate the proportion of seniors with dementia from three indepen-
dent data sources and their agreement.
Data Sources. The longitudinal Asset and Health Dynamics among the Oldest Old
(AHEAD) study (n 5 7,974), Medicare claims, and death certificate data.
Study Design. Estimates of the proportion of individuals with dementia from: (1) self-
or proxy-reported cognitive status measures from surveys, (2) Medicare claims, and
(3) death certificates. Agreement using Cohen’s k; multivariate logistic regression.
Principal Findings. The proportion varied substantially among the data sources.
Agreement was poor (k: 0.14–0.46 depending upon comparison assessed); the individ-
uals identified had relatively modest overlap.
Conclusions. Estimates of dementia occurrence based on cognitive status measures
from three independent data sources were not interchangeable. Further validation of these
sources is needed. Caution should be used if policy is based on only one data source.

Key Words. Dementia, cognitive impairment, longitudinal health surveys, health
surveys, Medicare claims data, death certificates, agreement

BACKGROUND

Accurate dementia prevalence estimates are important from public health,
long-term care planning, and cost perspectives. Numerous estimates have
been made, (Pfeffer, Afifi, and Chance 1987; Evans et al. 1989; O’Connor
et al. 1989; Bachman et al. 1992; Canadian Study of Health and Aging 1994;
Beard et al. 1995; Corrada, Brookmeyer, and Kawas 1995; White et al. 1996;
Ferini-Strambi et al. 1997; U.S. GAO 1997; Hy and Keller 2000; Taylor,
Sloan, and Doraiswamy 2004) but these have been based on findings from
other countries or extrapolated from local U.S. samples. Although the exact
prevalence is unknown, there is general agreement that Alzheimer’s disease
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(AD) is the most common form of dementia (Cummings and Cole 2002) and
that the prevalence of dementia is rising while levels of dementia risk factors,
such as stroke, are declining (Ukraintseva et al. 2006). Several studies have
reported higher age-adjusted rates in women and blacks (Heyman et al. 1991;
Tang et al. 1998; Perkins et al. 2001; Tang et al. 2001; Taylor, Sloan, and
Doraiswamy 2004). With the aging of the population and the increasing
prevalence of dementia, improving national estimates of this disorder
becomes an ever-important public health challenge.

Numerous studies have estimated prevalence from individual
data sources such as regional epidemiological studies (Breitner et al. 1999),
billing records (Newcomer et al. 1999; Taylor, Sloan, and Doraiswamy
2004), and death certificates (Ganguli and Rodriguez 1999). Such studies may
not be representative, and while Medicare claims data have been used for
estimation (Newcomer et al. 1999; Taylor, Sloan, and Doraiswamy 2004),
uncertainty remains regarding their accuracy and completeness for identifi-
cation of AD.

It would be useful if good estimates could be generated from
large population-based databases. However, concerns exist regarding the
accuracy of diagnosis because comprehensive and standardized clinical
examinations of large numbers of elderly individuals are prohibitively
expensive. There is thus a tradeoff between sample representativeness and
diagnostic certainty.

This paper adds to the understanding of this tradeoff. It is, to our
knowledge, the first to compare three independent sources of dementia data:
cognitive measures from a longitudinal health survey, Medicare claims
data, and death certificates. The objectives are to assess how the estimated
proportion of elderly with dementia varies among these data sources, to
determine overlap, and to evaluate potential predictors of agreement.
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MATERIALS AND METHODS

Three Data Sources

Information about subjects in the analysis sample was gathered from: (1) self-
or proxy-reported cognitive status screening measures from surveys
administered in 1993 and 1995, (2) Medicare claims data (ICD-9), and
(3) among the deceased, death certificate data from the National Death Index
(NDI) (ICD-9/10).

Asset and Health Dynamics among the Oldest Old (AHEAD)

Our primary data set was the AHEAD component of the Health and
Retirement Study (HRS) ( Juster and Suzman 1995; Myers, Juster, and Suzman
1997). AHEAD is a nationally representative cohort study of health behaviors,
disease and disability, medical care usage, and other topics. The baseline
survey (1993; n 5 7,974), included community-dwelling respondents aged
� 70 years and their spouses, regardless of age. If participants were unable
to complete interviews, proxy respondents were interviewed. Follow-up
interviews were conducted in 1995, 1998, 2000, and 2002 (average response
rate, 87.6 percent). We used data from the two first surveys (1993 and 1995)
to make the time period of our three data sources comparable. Our analysis
sample was limited to subjects � 65 years of age at baseline, with information
on all covariates and at least one self- or proxy-completed cognitive score in
1993 or 1995 (n 5 7,476).

Cognitive Measures in AHEAD

Dementia status was based on the respondents’ performance in 1995, or if not
completed in 1995 (e.g., due to death between the 1993 and 1995 surveys),
in 1993, on the abbreviated version of the modified Telephone Interview
for Cognitive Status (TICS-m) (Brandt, Spencer, and Folstein 1988; Welsh,
Breitner, and Magruder-Habib 1993) a validated cognitive screening measure
designed for use in telephone surveys (Folstein, Folstein, and McHugh 1975).
A score of 8 or below on this 35-point scale (i.e., at least two standard
deviations below the mean) was set as the level of impairment consistent with
dementia (Herzog and Wallace 1997; Ofstedal, Fisher, and Hertzog 2005).

For proxy respondents, the short form of the Informant Questionnaire
on Cognitive Decline in the Elderly (IQCODE) ( Jorm 1994) was adminis-
tered. Based on previous validation analyses, a score of 3.9 or greater on the
five-point scale was set as the level of impairment consistent with dementia
(Heeringa et al. 2006).
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Medicare Claims Records

AHEAD participants were asked to release their Medicare records from the
Centers for Medicare and Medicaid Services. For respondents who consented
(80 percent), a set of restricted data files containing Medicare payment records
were created. Claims were obtained for (average and maximum number
of possible ICD-diagnoses per claim in parentheses): short-stay inpatient
(4.6; 11), skilled nursing facility (4.6; 11), hospital outpatient (1.5; 10),
physician/supplier (2.6; 4), home health (3.4; 10), and hospice services (1.3;
10). Exact dates of respondent enrollment in Medicare HMOs were available
which is important because claims records are unavailable while a person was
so enrolled. We used Medicare claims from January 1, 1992 to December 31,
1996, and data confidentiality was ensured (HRS Restricted Data 2006). The
presence of at least one encounter with an ICD-9 code in the range outlined
in Table 2 was used as a criterion for the presence of dementia and AD as
identified in Medicare claims. Past work with Medicare claims for identifying
dementia and AD shows that prevalence estimates do not vary greatly by
requiring more than one mention of AD, so long as 2–3 years of claims are
used; we used 5 years in this study (Taylor, Fillenbaum, and Ezell 2002).

NDI

The NDI, which is based on death certificate data, provided date and cause of
death (ICD-9 or ICD-10): if any of the codes listed in Table 2 were present,
the respondent was said to have dementia or AD. To check for these codes,
files were submitted from the Health and Retirement Survey to the National
Center for Health Statistics (NCHS) for participants assumed to have died
before 2000. Using a probabilistic matching procedure, NCHS made avail-
able deceased cases that were considered ‘‘reliable’’ matches (NDI 2000 early
release 2006).

Data Analyses

We identified subjects with AD or any dementia from Medicare claims and
NDI, and those with a TICS or IQCODE score consistent with dementia
from AHEAD (see Table 2 for specific ICD-9/ICD-10 codes). The effect of
changing cut-points for the TICS and IQCODE was also assessed.

Among the deceased subjects, the concordance for dementia in the
three data sets was displayed graphically using a Venn diagram. For those
still alive in 2000, the concordance among survey data and claims data
only was displayed. Agreement on dementia among the three data sources
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was assessed using Cohen’s k (Fleiss 1981). Sensitivity analyses were done
using a narrower ‘‘time window’’: AHEAD 1993 survey; Medicare claims
1992–1994; NDI 1993–1994. For all subjects, agreement between survey and
claims data was modeled using logistic regression (outcome: identification as
having dementia by survey and claims versus not being identified by both),
adjusting for age, gender, race, education, and decedent status. Identification
as having dementia by all three sources (versus not being identified by all
three) was modeled for deceased subjects. Analyses were performed using SAS
version 9.1.3.

RESULTS

Figure 1 shows the time points and periods from which the three data sets were
derived. The majority of the study participants were female, but the higher
mortality rates among men resulted in a greater proportion of males among
those for whom death certificates were available (Table 1). The proportions of
black and white were similar to those in the overall U.S. population, and, as
expected, deceased participants were older and followed for fewer years than
participants still alive at the end of the study period.

Table 2 shows the proportion of individuals with presumed dementia,
and how this proportion changes when data source, ICD-9/10 diagnoses and
cognitive scale cut points were modified. The overall proportion with de-
mentia in the AHEAD survey was 7.5 percent using previously reported cut
points for the TICS scale (7/8 self-report) and IQCODE (3.89/3.90 proxy).
The correlation of being identified in the survey as having cognition consistent
with dementia was 0.42 ( po.001) for those respondents answering both sur-
veys, either in person or via a proxy. Using all sources of Medicare claims for
the entire period, 13.0 percent of the subjects had any dementia-related
diagnosis, and 3.6 percent had a specific diagnosis of AD. From the death
certificates, 6.3 percent were identified as having dementia, and 2.4 percent as
having AD. Figure 2 further illustrates that not only were the estimated pro-
portions with dementia in the three data sources of different magnitudes, to a
large extent the sets identified showed modest overlap.

For the subjects still alive, Cohen’s k of agreement between claims data
and survey data was 0.23 (95 percent CI 0.17–0.30). Among the deceased,
between claims and survey data, k was 0.33 (95 percent CI 0.27–0.39),
between claims and death certificates 0.14 (95 percent CI 0.10–0.19), and
between surveys and death certificates 0.14 (0.09–0.19). We also assessed
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agreement using a shorter time frame. When assessing the earlier period (1993
survey, claims 1992–1994, and died in 1993–1994), k was 0.13 (95 percent CI
0.08–0.18) between claims and survey for those who were alive at study end,
and much higher for those who were dead; 0.33 (95 percent CI 0.10–0.55).
When assessing the later period (1995 survey, claims 1994–1996, deceased in
1995 or 1996) k was 0.36 (95 percent CI 0.30–0.41) for claims and the survey
for those who were alive and study end, and even higher for those who were
deceased, 0.41 (95 percent CI 0.27–0.56). In the multivariable models (Table
3), we found that younger individuals and those with higher education were
more likely to be assessed as having dementia by two or more data sources.
Persons who died were less likely to be found to have dementia in both survey
data and Medicare claims, presumably due to shorter follow-up periods.

( ) Data collected, but not used in current analysis

1992 1993 1994 1995 1996 1997 1998 1999 2000

AHEAD surveys ( ) ( )
Medical Claims 

Death Certificates (NDI) 

Figure 1: Time Frame for Data Collection

Table 1: Characteristics of the Three Study Samples

Variables
AHEAD Baseline Survey

Subjects with
Medicare Claims NDI (Death Certificates)

(n 5 7,974)n (n 5 4,766) (n 5 2,622)

Gender
Female 63.3% 64.0% 54.8%
Male 36.7% 36.0% 45.2%

Race
White 85.6% 86.7% 84.3%
Black/other 14.4% 13.3% 15.7%

Age (mean � SD) 76.6 � 6.1 77.1 � 6.2 79.8 � 6.7
Years of education (mean � SD) 10.9 � 3.6 10.7 � 3.8 10.3 � 3.8
Years followed (mean � SD) 6.7 � 2.7 6.6 � 2.7 3.9 � 1.9

nOnly the 7,476 of these with at least one cognitive score are included in subsequent analyses.

AHEAD, Asset and Health Dynamics among the Oldest Old; NDI, National Death Index.
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DISCUSSION

To our knowledge, this is the first study to compare the occurrence of de-
mentia among three independent data sources relating to the same subjects.
The estimated proportion of AHEAD respondents with dementia varies sub-
stantially depending on which data source is used. The modest overlap of
cases identified shows that the sources not only differ in sensitivity, but they
often identify different cases, leading to levels of statistical agreement in the
‘‘poor’’ range (Fleiss 1981). Recent work comparing dementia assessment in

Table 2: Changing Estimated Proportions of Elderly with Dementia
Depending on Source of Data, Choice of Cutpoint on Cognitive Screening
Instrument, and Selection of Included Diagnoses

AHEAD Survey

Overall (TICS 8/9 and IQCODE 3.89/3.90) 7.5% (561/7,476)
Self-report (TICS)n

Cutpoint 7/8 3.2% (215/6,688)
Cutpoint 8/9 4.4% (293/6,688)
Cutpoint 9/10 6.3% (418/6,688)

Proxy report (IQCODE)n

3.79/3.80 36.6% (288/788)
3.89/3.90 34.0% (268/788)
3.99/4.00 32.9 % (259/788)

Medicare claims
Diagnosis
Any dementia-related diagnoses (ICD-9: 290, 290.0–4,

290.8–9, 294.1, 331, 331.0–2, 331.9, 797)
13.0% (618/4,766)

Alzheimer disease 3.6% (173/4,766)
Source
Any source (outpatient, inpatient, physician, home

health, hospice, skilled nursing facility)
13.0% (618/4,766)

Inpatient1outpatient1physician claims 11.6% (554/4,766)
Outpatient1physician claims 10.2% (488/4,766)
Inpatient claims only 4.1% (196/4,766)
NDI (death certificates)
Any dementia-related diagnosis (ICD-9: 290, 290.0–4,

290.8–9, 294.1, 331, 331.0–2, 331.9, 797;
ICD10: F00–03, G30, G31.0–1, R54)

6.3% (165/2,622)

Alzheimer disease (ICD-9: 331.0; ICD-10: F00, G30) 2.4% (63/2,622)

nPlease note that a higher TICS score means less impaired while a higher IQCODE means more
impaired.

Boldface indicates the most commonly used cutpoint.

TICS, Telephone Interview for Cognitive Status; IQCODE, Informant Questionnaire on
Cognitive Decline in the Elderly; NDI, National Death Index.
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survey and Medicare claims also found agreement to be poor to fair (Pressley
et al. 2003). A study assessing Medicare claims diagnosis of dementia among
a cohort of persons with autopsy-proven dementia found that � 80 percent of
cases could be so identified; given the severity of dementia in that cohort, that
study may represent the high water mark of claims sensitivity, but the spec-
ificity could not be estimated (Taylor, Fillenbaum, and Ezell 2002). Agreement
in our study was higher among younger, white, and more educated respon-
dents, findings similar to a recent study comparing self-report and validated
evidence of several chronic diseases among elderly women (Simpson et al.
2004). The highest levels of agreement found in our study were among de-
ceased subjects when using a shorter period of follow-up. Agreement is most
likely higher in such subjects because of more advanced stage of dementia (as
shown by death) and the fact that survey measures are, on average, closer to
death because of the shorter period of follow-up.

What are the likely reasons that these data sources provide such differ-
ence prevalence estimates for such a serious and salient condition as demen-
tia? Not surprisingly, the self-report survey responses identified relatively few
persons as having cognitive impairment consistent with dementia. The high

Total Sample = 3,111* 
*excludes those with any feature missing 

5.2%
(163)

CLAIMS

2.4%
(74)

1.4%
(44)

SURVEY

SURVEY

NDI

13.6%
(192)

0.4%
(5)

4.3%
(61)

CLAIMS

69.0% [973]

Total Sample = 1,410* 
*excludes those with any feature missing

91.0% [2,830] 

2.1%
(29)2.7%

(38)
1.7%
(24)

6.2%
(88)

(a) (b)

Figure 2: (a) Living Asset and Health Dynamics among the Oldest Old
(AHEAD) Participants with Medicare Claims: Estimated Proportions with
Dementia. (b) Deceased AHEAD Participants with Death Certificates and
Medicare Claims: Estimated Proportions with Dementia
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rate of cognitive impairment among the survey respondents with proxy re-
ports compared with those with self-report reflects the underlying reason for
proxy interviews being done. While reliance on proxy respondents may un-
derestimate the occurrence of dementia (Teresi et al. 1995), the proxy may be
more sensitive to subtle cognitive changes on a daily basis and be more willing
to report them than the subjects themselves who have mild dementia but were
able to complete the interview, but who may fear being labeled with the term
dementia. Fear of labeling may be present not only in surveys, but also in
claims. However, Taylor, Sloan, and Doraiswamy (2004) found increasing
prevalence of dementia in Medicare claims across time that is not likely due to
a true increase in disease occurrence. They posited that the secular trend was
due to increased recognition of the disease among physicians who are noting
the diagnosis on claims over time. Further, because hospital admissions are
reimbursed using prospective payment, persons treated for an acute condi-
tion, but who have dementia comorbidity, may not be coded as such because it
is unlikely to affect reimbursement.

Table 3: Effect of Selected Variables on Agreement Regarding Dementia
Diagnosis Defined by Different Methods

Variable

Respondent Identified as Having Dementia in:

Survey Datan

and Medicare
Claimsw Only

Survey Data and
NDI Death Certificate

Dataz Only

Medicare Claims Data
and NDI Death

Certificate Data Only
All Three
Sources

N 4,774 2,426 3,778 1,502
Age (per year) 0.94 (0.93–0.96) 0.92 (0.91–0.94) 0.89 (0.88–0.91) 0.93 (0.91–0.95)
Female Reference Reference Reference Reference
Male 1.06 (0.87–1.28) 1.23 (0.96–1.56) 0.67 (0.54–0.83) 0.91 (0.72–1.15)
Black Reference Reference Reference Reference
White 1.26 (0.97–1.64) 1.58 (1.17–2.12) 1.02 (0.75–1.39) 1.22 (0.87–1.71)
Education

(per year)
1.05 (1.02–1.07) 1.08 (1.05–1.11) 1.03 (1.00–1.06) 1.03 (1.00–1.06)

Deceased 0.46 (0.39–0.58) NA NA NA

nTICS � 8 or IQCODE � 3.9 in 1995. In 1993, only the self-reported cognition (TICS) was
available. The proxy cognition code (e.g., IQCODE) was not available for the 1993 survey.
wAt least one Medicare claim with an ICD-9 code (listed in Table 2) indicating dementia or AD.
Medicare claims were available from 1992 to 1996.
zDeath certificate should include at least one ICD-9 or ICD-10 code (listed in Table 2) indicating
dementia or AD. NDI data were used from 1993 to 1996.

TICS, Telephone Interview for Cognitive Status; IQCODE, Informant Questionnaire on
Cognitive Decline in the Elderly; NDI, National Death Index; AD, Alzheimer’s disease.
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A similar concern can be raised about death certificate data: under-
reporting of dementia on death certificates is likely if physicians only consider
the immediate cause of death. In a comparison of clinical survey data and
death certificate data from subjects from the Canadian Study of Health and
Aging with confirmed clinical diagnosis of dementia before death, less than
half had a dementia related diagnosis anywhere on the death certificate
(Østbye, Hill, and Steenhuis 1999).

Similar studies of disease prevalence and agreement among different
data sources have been conducted for diabetes (Hebert et al. 1999), kidney
disease (Kern et al. 2006), cancer (Koroukian, Cooper, and Rimm 2003),
asthma (Rawson and Malcolm 1995), and a series of other chronic diseases
(Peabody et al. 2004). While such studies also have reported underestimates of
disease prevalence and poor concordance among data sets, the agreement
usually was higher than in similar studies of dementia. Agreement studies
in the area of dementia, more than for most other chronic diseases, are also
plagued by the lack of clear diagnostic categories; even studies of well-defined
cases of dementia (Erkinjuntti et al. 1997) have shown large variation in the
prevalence of dementia depending on the diagnostic classification scheme
used (e.g., ICD-9, DSM-III, CERAD).

The primary limitation of our study is the lack of a gold standard di-
agnosis of dementia. The use of the telephone-administered cognitive instru-
ment to detect dementia clearly is associated with some misclassification.

Another limitation is missing information from different data sources for
a variety of reasons. One in five AHEAD respondents did not consent to having
Medicare claims records linked to their survey responses so this information was
unavailable. Further, because all persons in our sample had not died by the end
of the study period, death certificate data were not available for all study sub-
jects. While this merely represents the reality of cohort studies (all persons do
not die by the end of the study period), it nevertheless means that all subjects do
not have the same opportunity to be found to have dementia, decreasing
agreement. While the time periods for the three data sources were not fully
congruent (see Figure 1), our sensitivity analyses with a narrower time window
provided similar results. The proportions reported may be considered period
prevalences (the total number of persons known to have had the disease or at-
tribute at any time during a specified period) (Last 2001). The number of years of
follow-up, having three independent sources of dementia assessment, and the
national representativeness of the database, still constitute strengths of the study.

In conclusion, there is a great deal of interest for clinical, planning,
and policy reasons to have accurate assessments of dementia prevalence,
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estimated in representative samples. Our study shows that repeated cognitive
screening data from surveys, Medicare claims data, and decedent data among
those who have died, are not interchangeable. Therefore, significant caution
must be used if health planning or policy decisions are to be based on only one
of these data sources because each likely will be associated with high numbers of
‘‘false negatives.’’ At the same time, including all individuals appearing in any
one data source may include many ‘‘false positives’’ and lead to overestimates.
None of the three data sets investigated represent standardized, comprehensive
clinical examinations aimed to diagnose dementia. A supplement study
to HRS/AHEAD, the Aging, Demographics, and Memory Study (ADAMS),
currently underway, aims to clinically assess a subset of individuals age 70 and
older, those with suspected impairment (based on TICS/IQCODE scores) as
well as a number of controls (Langa et al. 2005), and will be very helpful to
contrast the findings from a true ‘‘gold standard’’ assessment with the informa-
tion from the surveys, Medicare, and NDI. Such information can be used to
validate our results as well as results from other studies relying on population
surveys, administrative data, or death certificates, and thus more accurately
forecast service needs among individuals with dementia and their families.
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