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Abstract

Background: The objective of this study was to establish a
prospective population-based cohort to investigate the
prevalence, incidence and risk factors for mild cognitive im-
pairment (MCl) and dementia. Methods: The Olmsted Coun-
ty, Minn., population, aged 70-89 years on October 1, 2004,
was enumerated using the Rochester Epidemiology Project.
Eligible subjects were randomly selected and invited to par-
ticipate. Participants underwent a comprehensive in-person
evaluation including the Clinical Dementia Rating Scale, a
neurological evaluation and neuropsychological testing. A
consensus diagnosis of normal cognition, MCl or dementia
was made by a panel using previously published criteria. A
subsample of subjects was studied via telephone interview.
Results: Four hundred and two subjects with dementia were
identified from a detailed review of their medical records but
were not contacted. At baseline, we successfully evaluated
703 women aged 70-79 years, 769 women aged 80-89 years,
730 men aged 70-79 years and 517 men aged 80-89 years
(total n=2,719). Among the participants, 2,050 subjects were

evaluated in person and 669 via telephone. Conclusions:
Strengths of the study are that the subjects were randomly
selected from a defined population, the majority of the sub-
jects were examined in person, and MCl was defined using
published criteria. Here, we report the design and sampling,
participation, baseline measures and sample characteris-

tics. Copyright © 2008 S. Karger AG, Basel

Introduction

The overall prevalence of dementia doubles every 5
years from approximately 1% in persons aged 60-65 years
to 45% in persons aged 90-95 years [1-3]. Similarly, the
incidence rate of dementia rises steeply with increasing
age from <1% per year in 65- to 69-year-olds to nearly
14% per year in persons aged =85 years [4, 5]. Dementia,
including its most common type Alzheimer’s disease
(AD), is an important cause of morbidity, nursing home
placement and mortality. Additionally, the aging of the
United States population in recent decades has resulted
in an increasing number of elderly persons with dementia
and AD. Yet, a major problem with AD is the lack of cu-
rative treatment. Therefore, an important means of re-
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ducing the public health burden of AD and other demen-
tias is the early detection of a treatable prodromal or pre-
clinical phase. Mild cognitive impairment (MCI) may
represent such a transitional stage between normal aging
and AD [6].

The Mayo Clinic Study of Aging was designed to es-
tablish a prospective population-based cohort of subjects
to study prevalence, incidence and risk factors for MCI
and dementia. Here, we describe the design and sam-
pling, participation, baseline measures and sample char-
acteristics of the study.

Study Methods

Objectives

The objectives of the Mayo Clinic Study of Aging were to de-
termine in the population of Olmsted County, Minn., (1) the prev-
alence of MCI; (2) the incidence of MCI; (3) conversion rates from
MCI to dementia or AD; (4) risk factors for MCI; and (5) risk fac-
tors for the progression from MCI to dementia or AD.

Design and Methods

Study Setting

The study was conducted in Olmsted County, where several
factors enhance the feasibility of population-based epidemiologic
research. Most residents seek care within the community from es-
sentially 2 providers, the Mayo Clinic and Olmsted Medical Cen-
ter, along with their affiliated hospitals and medical facilities
within the county. Both healthcare providers use a unit medical
record which includes all outpatient and inpatient information for
each patient. Furthermore, medical record information from all
medical care providers to county residents can be easily retrieved
using patient identifiers through the records-linkage system of the
Rochester Epidemiology Project, an extensive indexing system
based on surgical and medical diagnoses maintained by the Mayo
Clinic [7]. This records-linkage system also permits researchers to
generate a list of all county residents on a given date [7].

Study Design and Sampling Frame

We used the medical records-linkage system to construct a
sampling frame of Olmsted County residents aged 70-89 on Oc-
tober 1, 2004, who had been in contact with the system at least
once within the 3 years prior to the index date (n = 20,805). Du-
plicate records for the same persons were identified and excluded
by searching for duplicate matching birth date and names, social
security numbers and clinical identifiers (n = 8,752); a single re-
cord was created for each resident. Addresses of residences lo-
cated on the border of Olmsted County were manually checked
by a nurse abstractor to exclude subjects who were nonresidents
(n=2,100). Thus, we enumerated 9,953 unique individuals in our
sampling frame (fig. 1). A comparison of the sampling list derived
from the records-linkage system with the projected 2004 census
counts (from a linear projection of 2000 national census data)
showed that we identified 106% of the men and 99% of the wom-
en aged 70-79 years, and 114% of men and 101% of women aged
80-89 years [8].

Mayo Clinic Study of Aging

Sample Size and Power Estimations

The intended sample size of the study was 2,300 persons: 550
men and 550 women aged 70-79 years, and 600 men and 600
women aged 80-89 years. It was estimated that approximately 300
persons would have dementia at baseline, and 2,000 persons
would be free of dementia [9-11]. This would provide sufficient
power to prospectively ascertain incident MCI or AD. Based on
published estimates of MCI prevalence, we estimated that 434 re-
cruited persons would have prevalent MCI and approximately
1,566 persons would be cognitively normal at enrollment [12].
The prevalence of MCI could be estimated with a 95% confidence
interval (CI) of approximately * 3.3%.

Ethical Issues

All study procedures and ethical aspects were approved by the
institutional review boards of the Mayo Clinic and Olmsted Med-
ical Center. All persons examined as part of the study were in-
formed of the scope of the project and signed an informed consent
form including a Health Insurance Portability and Accountabil-
ity Act (HIPAA) authorization.

Recruitment Protocol

The recruitment protocol involved the following steps: a strat-
ified random selection of subjects from the sampling frame, a let-
ter of invitation followed by a recruitment telephone call, and fi-
nally an in-person evaluation or a telephone assessment.

Stratified Random Sampling

Stratified sampling was performed by randomly selecting sub-
jects from within the 4 age and sex strata of the sampling frame.
Each subject was given a unique identifier and all subjects within
a stratum were sorted by this identifier to define the order of con-
tact. The Minnesota Life Tables for 2000 were used to estimate the
remaining number of years of life for subjects in each of the 4 cells:
6.6 years for men aged 80-89 years, 8.3 years for women aged
80-89 years, 11.9 years for men aged 70-79 years and 14.6 years
for women aged 70-79 years [13]. These estimates were used to
prioritize subjects for recruitment. Eligible older subjects with the
least number of remaining years of life were contacted earlier.

Letter and Telephone Recruitment

The medical records of subjects selected for the study that were
archived by the records-linkage system were screened to identify
dementia. If a diagnosis of dementia was identified or suspected,
the complete medical record was reviewed by a behavioral neu-
rologist (D.S.K.) to confirm the diagnosis of dementia. Persons
with a confirmed diagnosis of dementia were not contacted for
participation. Subjects presumed to be free of dementia were sent
a letter of invitation that briefly described the rationale and pur-
pose of the study. Subjects were given the opportunity to decline
participation by returning the letter of refusal in a postage-paid
envelope. Two weeks after the mailing, subjects who had not
mailed back a letter of refusal received a telephone call from a
trained study coordinator. The telephone script briefly described
the study and included an invitation to participate. A maximum
of 10 phone calls were made during the day, evening, or weekend.
Subjects who agreed to be seen in person were scheduled for an
evaluation. Subjects who refused to be seen in person were invited
to participate in a structured telephone interview. All participants
were also asked to provide the name and telephone number of a
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Total unique individuals
aged 70-89 years on October 1, 2004
9,953

Subjects considered for eligibility
5,233

Died prior to contact

Administrative exclusions 263
170 Dementia, not contacted ’

402
Eligible subset
4,398

Nonparticipants

‘ 1,679

}‘7

Fig. 1. Flow chart describing the steps in-
volved in establishing the study sample
from among 5,233 randomly selected
Olmsted County, Minn., residents aged
70-89 years on October 1, 2004. Adminis-

Participants
2,719

trative exclusions comprise 56 people who
were terminally ill or in hospice and 114

In-person evaluation

Telephone interview
669

2,050

who could not be contacted to confirm el-
igibility.

study partner (informant). This was someone who knew them
well and would be willing to answer questions about their cogni-
tion and daily functioning.

Strategies to Enhance Participation

Several strategies were employed to enhance participation in
the study. A Mayo Clinic pamphlet titled ‘Staying Mentally
Healthy’ was included with the letter of invitation as a token of
appreciation. The study was advertised in the local newspaper,
weekly radio advertisements were made, posters advertising the
study were placed in the community, and we gave presentations
on air at local radio stations, at the largest retirement complex in
the county and at a local Kiwanis Club frequented by elderly per-
sons. A free taxi service or reimbursement for transportation
costs was offered. A remuneration of USD 50 was also given to the
participants.

Baseline Clinical Evaluation

The in-person evaluation was performed at the Mayo Clinic
Abigail Van Buren Alzheimer’s Disease Research Clinic or at the
place of residence of the participants using a standardized proto-
col (fig. 2). Subjects underwent a nurse evaluation and risk factor
assessment, a neurological evaluation and a neuropsychological
evaluation.

Nurse Evaluation and Risk Factor Assessment
This evaluation was performed by a nurse or a study coordina-
tor. After signing the informed consent form, a 10-hour fasting
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blood draw was performed for subjects seen in the morning. Sub-
jects scheduled for afternoon appointments were asked to eat a
light breakfast and to have no food at least 4 h prior to the appoint-
ment. Other studies have suggested that measurement of lipids
from nonfasting blood samples may yield valid results [14, 15].
Serum and plasma samples were aliquoted, DNA was extracted,
and samples were labeled and stored in a -80°C freezer.

Subjects were asked to enumerate all first-degree relatives, and
were questioned about past diagnoses of MCI, dementia, AD, Par-
kinson’s disease, frontotemporal dementia and amyotrophic lat-
eral sclerosis in these relatives. We also collected information on
demographic characteristics including date of birth, marital sta-
tus, education, ethnicity, residence (community living, institu-
tion), and on name and dose of all current medications (subjects
were instructed to bring the bottles of current medications to the
appointment). Current or previous symptoms of anxiety, depres-
sion, or alcoholism were assessed using screening instruments
such as the Patient Health Questionnaire version of the PRIME
MD [16], the Beck Depression Inventory [17] and the Beck Anxi-
ety Inventory [18]. Subjects who screened positive for psychiatric
symptoms were assessed further by a physician (see ‘Neurological
Evaluation’). The subjects also reported prior diabetes, hyperten-
sion, coronary heart disease, atrial fibrillation, stroke or transient
ischemic attack, cancer, depression, cigarette smoking or tobacco
use and overall well-being. Self-reported medical history was cor-
roborated using information abstracted from the medical records
ofthe records-linkage system. Blood pressure was measured twice
using a standard sphygmomanometer, height was measured using
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Fig. 2. Flow chart describing the protocol for in-person clinical
evaluation of study participants. The evaluation included 3 com-
ponents: a nurse evaluation and risk factor assessment; a neuro-
logical evaluation, and a neuropsychological evaluation. Specific

a stadiometer, weight was evaluated with an electronic balance,
and frailty was measured as time needed to walk 25 feet without
assistance [19].

The Clinical Dementia Rating Scale (CDR) [20] was adminis-
tered to a study partner (informant) to assess the cognition and
functional activities of the subject. The CDR score (range = 0-3)
and the CDR sum of boxes (range = 0-36) were assessed indepen-
dently of the results of the neuropsychological testing. In addi-
tion, the functional status of each subject was elicited from the
study partner also using the Functional Assessment Question-
naire (range = 0-30) [21].

Neurological Evaluation

The neurological evaluation was performed by a neurologist
or by a physician of another specialty (geriatrics, psychiatry) who
had been specifically trained for this study. The physician admin-
istered the Short Test of Mental Status [22], a modified Hachin-
ski Scale [23, 24] and a questionnaire developed to elicit neuro-
logic conditions that could influence cognition. The question-
naire assessed Parkinson’s disease, depression, anxiety, alco-
holism, problems with balance, tremor, speech, stroke or transient
ischemic attack and sleep problems. Subjects who had screened
positive for symptoms of depression, anxiety or alcoholism were
further evaluated using the Clinician Evaluation Guideline com-
ponent of the PRIME MD, a semistructured interview that gener-
ates Diagnostic and Statistical Manual of Mental Disorders - IV

Mayo Clinic Study of Aging

4

[ Consensus conference

measurements for each component are described. AVLT = Audi-
tory Verbal Learning Test; UPDRS = Unified Parkinson’s Disease
Rating Scale; CDR = Clinical Dementia Rating; FAQ = Function-
al Assessment Questionnaire.

(DSM-1V) [25] diagnoses for depressive disorders, anxiety disor-
ders or alcohol use disorders [16]. Finally, the physician per-
formed a neurological examination and administered a modified
Unified Parkinson’s Disease Rating Scale [26].

Neuropsychological Evaluation

This evaluation was performed by a psychometrist specifi-
cally trained for this study. A neuropsychological battery was
designed using subtests of the Wechsler Adult Intelligence Scale-
Revised (WAIS-R) [27], the Wechsler Memory Scale-Revised
(WMS-R) [28] and other tests to assess 4 cognitive domains. The
domains evaluated were: (1) executive function (Trail Making
Test B [29] and Digit Symbol Substitution Test [27]); (2) language
(Boston Naming Test [30] and Category Fluency [31]); (3) mem-
ory [Logical Memory-II (delayed recall), Visual Reproduction-II
(delayed recall) [28] and Auditory Verbal Learning Test (delayed
recall) [32]], and (4) visuospatial (Picture Completion and Block
Design [27]). First, we transformed the raw scores on each test
into age- and education-adjusted scores using Mayo’s Older
American Normative Studies normative data. These adjusted
scores were also scaled to have a mean of 10 and a standard de-
viation of 3 [32]. Second, we obtained domain scores by adding
the adjusted and scaled scores of the tests included within each
domain. Because different numbers of tests were used to compute
domain scores (i.e., 2 tests for the executive, language, and visuo-
spatial domains versus 3 tests for memory), the domain scores
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Normal cognition
CDR=0

DSM-IV dementia

Normal functional status

Consensus conference CDR =0.5

Neuropsychological testing
within normal limits
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[ Single or multiple domains ]
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Multiple domain

Nonamnestic MCI Nonamnestic MCl

Fig. 3. Diagnostic scheme for normal cognition, MCI or dementia. CDR = Clinical Dementia Rating; DSM-
IV = Diagnostic and Statistical Manual of Mental Disorders — I'V; MCI = mild cognitive impairment.

were also scaled to allow comparisons across domains. In sum-
mary, the performance of a person in a particular domain was
measured by comparing the person’s domain score with the score
in normals. This approach relies on previous normative work and
extensive experience with the measurement of cognitive abilities
of the population from which the study participants have been
drawn [32-34]. However, the final decision about impairment in
any cognitive domain was ultimately made by consensus agree-
ment between the examining neurologist, nurse and neuropsy-
chologist taking into account education, prior occupation and
other information.

Diagnostic Classification for In-Person Participants

Each study evaluator (nurse, physician or psychometrist)
reached a preliminary impression of the cognitive status of the
subject, independent of the impression of the other evaluators.
Subsequent to the full evaluation, an expert consensus panel con-
sisting of the study physicians, nurses and neuropsychologists re-
viewed and discussed all the data for each subject.

Criteria for Normal Cognition or Dementia

If persons were judged to have no cognitive impairment ac-
cording to published criteria [6, 32] and received a CDR of 0, they
were enrolled as cognitively normal subjects. Subjects with a CDR
>1 were classified as demented if they met DSM-IV criteria for
dementia [25]. Subjects who received a CDR of 0.5 had a more in-
tense evaluation to determine if they met criteria for MCI or for
mild dementia. The consensus committee took a critical look at
information from the CDR, neuropsychological testing, clinical
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examination and the Short Test of Mental Status [21] to determine
whether the subject with a CDR of 0.5 met the DSM-IV criteria
for dementia [24]. Subjects with a CDR of 0.5 who met the criteria
for mild dementia are being followed over time to determine the
stability of the diagnosis.

Criteria for MCI

Subjects who were neither demented nor cognitively normal
were classified as having MCI according to published criteria [6].
These criteria are: cognitive concern expressed by a physician,
informant, participant or nurse; cognitive impairment in =1 do-
mains (executive function, memory, language or visuospatial);
normal functional activities; not demented. Subjects with MCI
could have a CDR of 0 or 0.5; however, the final diagnosis of MCI
was not based exclusively on the CDR but rather on all available
data. They were further classified as having amnestic or nonam-
nestic MCI, as having single- or multiple-domain MCI (fig. 3) and
according to the presumed etiology of MCI (e.g., degenerative,
vascular, trauma, psychiatric). The diagnosis of normal cogni-
tion, MCI, dementia or AD was made by consensus, taking into
account all the data collected. If the information obtained by 1 of
the 3 evaluators (nurse, physician or psychometrist) was not con-
sistent with the final diagnosis, this was noted as discordance.

Telephone Interview

Subjects who refused the in-person evaluation were invited to
participate in a structured telephone interview by trained study
assistants to collect information on education, occupation, mari-
tal status and residence. The Telephone Interview for Cognitive
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Status Modified (TICS-m; 12 items; range = 0-50) was adminis-
tered to assess cognitive function [35-37]. The TICS-m has been
reported to yield information that is of value for assessment of
cognitive impairment and dementia in epidemiologic research
[38]. In addition, each subject was asked to provide the name and
telephone number of a study partner (informant) who knew them
well and would be willing to answer questions about them. If
available, the study partner was contacted by telephone and asked
to rate the participant on the AD8 Dementia Screening Interview
(ADS8; range = 0-8) [39, 40]. The ADS8 interview specifically re-
quested that the study partner rate any change in function for
each of 8 functional items. Both TICS-m and AD8 were scored
according to published criteria [35, 39]. A HIPA A form was mailed
to each subject for return in an addressed and stamped envelope;
subjects who did not return the first form received a second mail-
ing. Data were used in analyses only after the subjects had pro-
vided HIPA A authorization.

Quality Control

Prior to onset of the study, the study coordinators were trained
in the use of a telephone script to invite subjects by a senior study
coordinator with several years of experience conducting tele-
phone interviews for research. The telephone script was pilot-test-
ed and modified, and the final version was used in the recruit-
ment of study subjects. The study personnel who conducted the
TICS-m and ADS8 interviews were also specifically trained in the
administration of the study instruments. All study nurses were
trained in the use of the CDR through an online training program
to ensure consistency in the administration and rating of the
questionnaire (www.adrc.wustl.edu) [20]. The medical history
and risk factor questionnaire used by the nurses were derived
from previously validated questionnaires used in epidemiologic
studies such as the Cardiovascular Health Study [41], Atheroscle-
rosis Risk in Communities Study [42] and the Behavioral Risk
Factor Surveillance System [43]. All study questionnaires were
pilot-tested in 25 persons for face and content validity, compre-
hension and clarity. Changes were made on the basis of the pilot
test to enhance understanding, flow of questions and efficiency.

Self-reported risk factors will be validated by a detailed review
of the medical records from the records-linkage system for a sub-
set of subjects. In particular, subjects selected for case-control
studies nested within the cohort will undergo extensive medical
record abstraction. Previous studies suggest that vascular risk
factors are accurately reported in the medical record [44] with
minimal missing information [45].

To assess the potential for nonparticipation bias, factors that
may affect cognition (study endpoints) or participation (demo-
graphic and clinical factors) were assessed electronically through
the diagnostic index of the medical records-linkage system in a
comparable fashion for participants and nonparticipants. The in-
formation evaluated included years of education, vascular dis-
ease, a specific diagnosis of MCI or dementia (which had not been
confirmed by the study neurologist, D.S.K.), or a notation of cog-
nitive impairment or dysfunction. A Charlson Comorbidity In-
dex [46] was also calculated from diagnoses assessed electroni-
cally using the records-linkage system. Medical records were re-
viewed for participants and for non-participants who had
provided authorization for use of their medical record in research
prior to the contact for the present study.

Mayo Clinic Study of Aging

Statistical Analyses

The demographic, clinical and neuropsychological character-
istics of the in-person and telephone participants are described by
age and sex. Participants and nonparticipants were compared
with regard to factors that could affect participation or study end-
points. The odds ratios (OR) and 95% Cls of participation for de-
mographic and clinical characteristics were assessed in both uni-
variate and multivariable analyses adjusted for age, sex, and edu-
cation.

Results

Study Sample

The 9,953 subjects (fig. 1) were listed in random order
within age and sex strata. From among 5,233 subjects
considered for eligibility, 4,398 were eligible for participa-
tion after the exclusion of 402 subjects with confirmed
dementia. Subjects who were terminally ill or in hospice
(n = 56) were considered ineligible because their condi-
tion could preclude valid assessments from study ques-
tionnaires and neurological or neuropsychological evalu-
ations. Subjects in hospice were identified either from in-
formation provided during the initial telephone contact
or from a review of the medical records. In addition, sub-
jects who could not be contacted for verification of their
eligibility to participate (n = 114) were also excluded (total
administrative exclusions = 56 + 114 = 170; fig. 1). Final-
ly, subjects who were alive on October 1, 2004, but died
before any contact was made (n = 263) were also consid-
ered ineligible (fig. 1). Of the eligible subjects, 2,050 (62%)
were evaluated in person, 669 participated by telephone
interview (total = 2,719 participants), and 1,679 either re-
fused participation (1,657) or died after the initial contact
(n =22, fig. 1).

Demographic Characteristics of the Sample

Overall, 52.7% of the subjects were 70-79 years old,
49.0% had >12 years of education, and 58.5% were mar-
ried (table 1). The majority were Caucasian (92.9%, n =
2,526); 84.5% (n = 2,298) lived in their own home or
apartment, 10.9% (n = 296) in a retirement community,
1.5% (n = 42) in a convent and 2.8% (n = 75) in an as-
sisted living facility or a nursing home; 94.1% in-person
participants were retired. In general, telephone and in-
person participants were similar, but telephone partici-
pants were more likely to be women (70.3 vs. 48.9%; p <
0.0001) and less likely to have =12 years of education
(40.2vs. 51.9%; p<0.0001) compared with in-person par-
ticipants. Over 53% of the in-person participants had a
spouse and 28.6% had an offspring or in-law as an infor-
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Table 1. Demographic characteristics of in-person and telephone participants

Variable In-person participants Telephone participants Total sample
men women all men women all
(n = 1,048) (n = 1,002) (n=199) (n = 470) (n=2,719)
n % n % % n % n % % n %
Age
70-79 years 596 56.9 490  48.9 53.0 134  67.3 213 45.3 51.9 1,433 52.7
80-89 years 452 43.1 512 51.1 47.0 65 327 257 54.7 48.1 1,286 47.3
Education
<12 years 496 47.3 491  49.0 48.1 121 60.8 279 59.4 59.8 1,387 51.0
>12 years 552 52.7 511 510 51.9 78  39.2 191 40.6 40.2 1,332 49.0
Marital status
Married 856 81.7 400 399 61.3 160  80.4 174 37.0 49.9 1,590 58.5
Other 192 18.3 602  60.1 38.7 39 196 296 63.0 50.1 1,129 41.5
Informant
Spouse 769 73.4 319 318 53.1 112 56.3 88 18.7 29.9 1,288 47.4
Offspring, son/
daughter-in-law 166 15.8 421 42.0 28.6 15 7.5 71 15.1 12.9 673 24.8
Other 86 8.2 232 232 15.5 7 3.5 45 9.6 7.8 370 13.6

Informant: 30 women and 27 men among the in-person participants, and 266 women and 65 men among the telephone participants
did not provide information on an informant. Other informant includes relatives, paid caregivers, friends and neighbors.

mant (table 1). The frequency of contact with the infor-
mant suggested that the information obtained for the
CDR was accurate; 69.2% of the informants for women
and 88.0% of the informants for men reported seeing the
participant daily or several times a week (not assessed for
telephone participants). Overall, 97.2% of the in-person
participants and 50.5% of the telephone participants had
an informant.

Clinical Characteristics of the Sample

The most common diseases present at baseline were
hypertension (79.9%), cancer (35.3%) and coronary heart
disease (33.5%, table 2). Stroke, atrial fibrillation and dia-
betes were present in nearly 20% of the sample. The fre-
quency of coronary heart disease, diabetes, atrial fibrilla-
tion and cancer was higher in men than in women (ta-
ble 2). In addition, 4.0% (n = 42) of the men and 3.8%
(n = 38) of the women were current smokers and 57.3%
(n = 601) of the men and 32.2 % (n = 323) of the women
were former smokers; 38.2% (n = 397) of the men and
63.8% (n = 635) of the women were never-smokers (8 men
and 6 women did not report information on smoking).
Systolic blood pressure was similar in men (median =
135; interquartile range = 122-148) and in women (me-
dian = 137; interquartile range = 124-150), as was dia-
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stolic blood pressure (median = 71, interquartile range =
64-79 in men; median = 70, interquartile range = 62-78
in women) and body mass index (median = 27.4, inter-
quartile range = 25.0-30.1 in men; median = 26.8, inter-
quartile range = 23.4-30.6 in women).

Neuropsychological Assessments, TICS-m and AD8

Interviews

Opverall, men appeared to perform worse than women
on certain cognitive tests. The median scores were slight-
ly worse for men compared to women for Logical Mem-
ory IT (p = 0.009), Visual Reproduction II (p = 0.08), Au-
ditory Verbal Learning Test percent recall (p < 0.001),
Digit Symbol Substitution (p < 0.001) and Category Flu-
ency (p < 0.001), but men performed slightly better than
women in the Boston Naming Test (p < 0.001), Picture
Completion (p < 0.001) and Block Design (p < 0.001; ta-
ble 3). In general, performance was better in younger
than in older subjects.

The distributions of the CDR sum of boxes, Function-
al Assessment Questionnaire and ADS8 scores (for tele-
phone participants) were positively skewed. For these
measures, higher scores indicate greater impairment. Be-
cause there were no significant sex differences, the data
below are for both sexes combined. The CDR sum of box-
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Table 2. Clinical characteristics of in-person and telephone participants

Characteristic In-person participants Telephone participants Total sample
men women all men women all
(n=1,048) (n=1,002) (n=189) (n = 446) (n=2,685)
n % n % % n % n % % n %
Coronary heart disease 459 438 239 239 34.0 86 455 115 258 31.7 899 33.5
Myocardial infarction 216 20.6 103 103 15.6 48 254 52 117 15.7 419 15.6
Angina 307 293 165 16.5 23.0 55 29.1 82 184 216 609 22.7
Coronary revascularization 335 32.0 123 123 22.3 66 34.9 58 13.0 19.5 582 21.7
Diabetes 217 207 167 16.7 18.7 50 265 90 202 220 524 19.5
Hypertension 823 785 805 80.3 79.4 142 751 374 839 81.3 2,144 79.9
Atrial fibrillation 205 19.6 123 123 16.0 43 2238 77 173 18.9 448 16.7
Stroke 161 154 132 132 14.3 30 159 75 16.8 16.5 398 14.8
Cancer 464 443 284 283 36.5 83 439 117 26.2 315 948 35.3

Characteristic: ascertained electronically from the medical diagnostic index using the Rochester Epidemiology Project medical
records-linkage; 34 telephone participants who did not give permission to use their data were excluded. Coronary heart disease: sub-
categories are not mutually exclusive. Coronary revascularization includes coronary artery bypass grafting and percutaneous coro-

nary interventions.

es had a median = 0 (interquartile range = 0-0) for 70- to
79-year-olds and a median = 0 (interquartile range = 0-
0.5) for 80- to 89-year-olds. The Functional Assessment
Questionnaire had a median = 0 for both age groups (in-
terquartile range = 0-1 in 70- to 79-year-olds; interquar-
tile range = 0-2 in 80- to 89-year-olds). The AD8 median
was 0 in 70- to 79-year-olds and in 80- to 89-year-olds
(interquartile range = 0-1 in 70- to 79-year-olds; inter-
quartile range = 0-2 in 80- 89-year-olds). The TICS-m
median was 33 (interquartile range = 31-36) for 70- to 79-
year-olds and 31 (interquartile range = 27-35) for 80- to
89-year-olds.

Comparison of Participants and Nonparticipants

Participation in the study either in person or via tele-
phone among the nondemented subjects (excluding sub-
jects previously diagnosed as having dementia) decreased
with increasing age: 68.1% (703/1,033) in 70- to 79-year-
old women and 67.7% (730/1,078) in 70- to 79-year-old
men compared to 57.6% (769/1,335) in 80- to 89-year-old
women and 54.3% (517/952) in 80- to 89-year-old men. In
multivariable logistic regression models adjusted for age,
sex and education (where applicable), we observed great-
er participation among subjects with >12 years of educa-
tion compared with <12 years (OR =1.59,95% CI=1.39-
1.82). However, we found lower participation for subjects
aged 80-89 years compared with those aged 70-79 years
(OR =0.56, 95% CI = 0.49-0.64), for men compared with

Mayo Clinic Study of Aging

women (OR = 0.86, 95% CI = 0.75-0.98), for subjects with
a Charlson Index of =3 (OR = 0.74, 95% CI = 0.64-0.85)
or for subjects with a history of diabetes (OR = 0.79, 95%
CI = 0.68-0.93). History of stroke, marital status, hyper-
tension, coronary heart disease and a previous diagnosis
of MCI or dementia were not associated with the likeli-
hood of participation (data not shown).

Interrater Agreement of MCI Diagnosis

Of the 329 subjects with MCI, there was perfect agree-
ment on the diagnosis from all 3 components of the as-
sessment in 233 (70.8%) subjects (nurse evaluation, neu-
rological evaluation and neuropsychological evaluation).
By contrast, in 96 subjects (29.2%), there was some dis-
cordance across the 3 components. The stability of the
diagnosis will be evaluated during follow-up examina-
tions by assessing the proportion of subjects with a base-
line diagnosis of MCI who have a later diagnosis of nor-
mal cognition, stable MCI or dementia.

Conclusions

The Mayo Clinic Study of Aging is a prospective pop-
ulation-based cohort study of normal cognitive aging,
MCI and dementia. Our experience showed that elderly
subjects who are unwilling to participate in an in-person
research evaluation may be willing to participate by tele-
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Table 3. Results of neuropsychological assessments for in-person participants by age and sex

Measurement (test range)

Median score (LE, Q1, Q3, UE)

men
(n =1,048)

women
(n =1,002)

all
(n =2,050)

Logical Memory II (0-50)

70-79 years 14 (0, 9, 20, 37)

80-89 years 11 (0, 6, 17, 35)
Visual Reproduction IT (0-41)

70-79 years 19 (0, 11, 26, 40)

80-89 years 11 (0, 6, 19, 38)
AVLT percent delayed recall (0-100%)

70-79 years 67 (0, 44, 83, 100)

80-89 years 57 (0, 29, 80, 100)
Digit Symbol Substitution (0-93)

70-79 years 39 (3, 32, 45, 68)

80-89 years 32 (5, 26, 38, 59)
Trail Making Test B (0-300)

70-79 years 102 (30, 81, 137, 300)

80-89 years 143.5 (38, 100, 208, 300)
Boston Naming Test (0-60)

70-79 years 55 (16, 52, 58, 60)

80-89 years 54 (17, 48, 57, 60)
Category Fluency (unlimited)

70-79 years 39 (11, 33, 44, 65)

80-89 years 36 (8, 30, 42, 60)
Picture Completion (0-20)

70-79 years 13 (1,12, 15,19)

80-89 years 12 (0, 10, 14, 19)
Block Design (0-51)

70-79 years 24 (0, 18, 30, 49)

80-89 years 19 (0, 14, 25, 41)
Short Test of Mental Status (0-38)

70-79 years 34 (9, 32, 36, 38)

80-89 years 32 (10, 30, 35, 38)

16 (0, 10, 22, 38)
13 (0, 8, 18, 36)

20 (0, 13, 26, 37)
13 (0, 7, 21, 37)

78 (0, 63, 90, 100)
73 (0, 55, 89, 100)

45 (16, 38, 52, 70)
36 (10, 29, 43, 73)

99.5 (40, 78, 134, 300)
134 (42, 101, 197, 300)

55 (27, 51, 57, 60)
51 (21, 47, 55, 60)

45 (18, 38, 51, 78)
39 (13, 33, 45, 67)

13 (2,10, 15,19)
11 (0, 8, 13, 19)

22 (1,17, 27, 47)
19 (0, 12, 23, 42)

34 (14, 32, 36, 38)
33 (8, 31, 35, 38)

15 (0, 10, 21, 38)
12 (0,7, 18, 36)

19 (0, 12, 26, 40)
12 (0, 7, 20, 38)

73 (0, 55, 86, 100)
67 (0, 44, 85, 100)

42 (3, 35, 48, 70)
34 (5,27, 41, 73)

101 (30, 79, 136, 300)
139 (38, 100, 203.5, 300)

55 (16, 51, 57, 60)
52 (17, 47, 56, 60)

41 (11, 35, 49, 78)
37 (8, 31, 43, 67)

13 (1, 11, 15, 19)
11 (0,9, 13, 19)

23 (0, 18, 29, 49)
19 (0, 13, 24, 42)

34 (9, 32, 36, 38)
33 (8, 30, 35, 38)

Higher Trail Making Test B scores mean greater impairment; for the other measures, lower scores mean greater impairment. Me-
dian = 50th percentile; LE = lower extreme; Q1 = 25th percentile; Q3 = 75th percentile; UE = upper extreme; AVLT = Auditory Verbal

Learning Test.

phone. The paper also describes the frequency of vascular
risk factors and neuropsychological characteristics in a
population-based sample. The frequency of vascular risk
factors was higher in men compared to women. The neu-
ropsychological assessments demonstrated slightly worse
performance in men than in women. These findings may
have implications for interpreting sex differences in MCI
prevalence at baseline and in incidence of MCI and de-
mentia during follow-up.

The use of the TICS-m and the AD8 (administered to
an informant) in telephone participants provided in-
sights on the cognitive and functional status of subjects
who did not accept the in-person evaluation. Although

66 Neuroepidemiology 2008;30:58-69

we may be unable to directly assess MCI in these subjects
using the same criteria as used for in-person participants,
we will be able to assess cognitive and functional decline
from changes in the TICS-m and the AD8 during follow-
up. We will also be able to passively ascertain incident
dementia during follow-up using information from the
medical records-linkage system.

Strengths of the Present Study

There are several strengths of the study. We will esti-
mate the prevalence of MCI in a geographically-defined
population. In addition, follow-up of the cohort will en-
able us to estimate the incidence of MCI and dementia, to
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estimate the rate of progression from MCI to dementia
and to investigate predictors of conversion from normal
cognition to MCI or from MCI to dementia. The popula-
tion-based design minimizes potential referral bias and
enhances the generalizability of the study findings. In
contrast, subjects recruited from memory clinics have
more advanced memory-related disease and a narrower
spectrum of cognitive impairment, resulting in poten-
tially biased findings. The study is also free from biases
due to the use of volunteer samples recruited via adver-
tisement or via referral to specialized centers. Volunteers
may participate because of a known family history of the
condition under study or may have greater health aware-
ness leading to biased findings.

The prevalence estimates for MCI will be determined
from the entire sample of in-person participants identi-
tied without a staged screening procedure. This is impor-
tant because the diagnosis of MCI is subtle and is most
accurate through an extensive in-person evaluation. A
unique strength of the study is that it merges the strengths
of a population-based design with the clinical expertise
of the study personnel. Additionally, baseline informa-
tion on vascular risk factors and magnetic resonance im-
aging measurements will be useful for longitudinal stud-
ies of risk factors. Stored DNA, plasma and serum sam-
ples are available to identify biomarkers for MCI risk and
progression. Another strength of the study is that the di-
agnoses of MCI, dementia or normal cognition were
based on published criteria; however, they also reflected
clinical judgment and a consensus panel.

Another strength of the study is that we are able to de-
scribe the characteristics and clinical outcomes in non-
participants. Through the medical records-linkage sys-
tem, we have access to the medical records of subjects
who did not participate in the in-person examination;
98% of the nonparticipants have provided authorization
for use of their medical records in research. Therefore, we
can describe their clinical comorbidities and cognitive
characteristics at baseline and will be able to passively fol-
low them through the medical records to ascertain de-
mentia outcomes noted as part of their routine medical
care.

Potential Limitations of the Present Study

There are potential limitations to our study. Elderly
persons are typically less inclined to participate in studies
that assess cognition, and this may have limited partici-
pation in the study. Our participation of 62% was compa-
rable with reported estimates of about 67% in the Fram-
ingham Heart Study [47], 64% in the Honolulu Asia Ag-

Mayo Clinic Study of Aging

ing Study [48], 63% in the Rotterdam Scan Study [49],
62% in the Washington Heights-Inwood Study [50] and
in other studies [51-54]. However, the participation expe-
rienced in our study was slightly lower than 78% or high-
er reported from other studies [55, 56]. Given the com-
plexities of recruitment in the current era, including in-
stitutional review board requirements and the need for
HIPAA authorization, it is more difficult to recruit sub-
jects to population-based studies, and our participation
rates appear reasonable. A comparison of participants
and nonparticipants (using the medical records-linkage
system data) showed a slightly higher prevalence of co-
morbid conditions among nonparticipants. Passive fol-
low-up of nonparticipants using the medical records-
linkage system and active follow-up of participants will
enable us to compare the incidence of dementia in the 2
groups. Unfortunately, MCI is not typically assessed in
routine patient care; thus, it may be more difficult to de-
termine any differences in the incidence of MCI. Finally,
because only 1.4% of the subjects in our sample were non-
Caucasians, we cannot perform meaningful subgroup
analyses by ethnicity. Nonetheless, the findings from this
study will be useful for comparison with studies in other
ethnicities.
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