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The goals of this article are to (a) establish the concurrent and clinical validity of the Global Deterioration scale in assess-
ing cognitive functions and stages of dementia among centenarians, (b) identify the prevalence of all-cause dementia in
representative samples of centenarians, and (c) demonstrate how variations in sample demographic characteristics could
significantly affect estimates of dementia prevalence. A quarter of the 244 centenarians in a population-based sample had
no objective evidence of memory deficits. Another quarter showed signs of transient confusion, and about half showed
classical behavioral signs of dementia with about 15% in each of Global Deterioration scale stages 4—6 and about 5% in
the most severe stage 7. Variations in age, gender, race, residence status, and education of the study sample as well as
criteria used for dementia rating were found to affect prevalence.

Key Words: Dementia prevalence—Centenarians— Validation.

Received June 24, 2011; Accepted December 16, 2011

Decision Editor: Rafael de Cabo, PhD

HERE is a wide range of dementia prevalence among
centenarians reported in the literature. In a review of 23
studies reporting dementia prevalence among centenarians,
one study found 100% prevalence, but others reported a
range between 27% and 75%, with a mean of about 60%
(1-13). Two likely contributing factors for the large range
of reported prevalence are (a) instruments that are not
validated with centenarians might have been employed that
could produce haphazard results and (b) studies might have
employed convenience or nonrepresentative samples that
could bias the results. These two hypotheses of contributing
factors could account for large variations in the reported
prevalence. Finally, the large variations could also be due to
true differences across populations and cultures.
The goal of this article is to resolve the disparity among
centenarian studies in reported dementia prevalence and to
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understand factors that contributed to the disparity. Two
studies are reported. Study 1 is designed to establish the
concurrent and clinical validity of the Global Deterioration
scale (GDS) used to assess clinical symptomatology in
normal aging and Alzheimer’s disease (AD) for centenarians.
Study 2 then employs the validated instrument to assess
all-cause dementia prevalence in a population-based sample
of centenarians and explore how variations in sampling
characteristics could differentially bias prevalence.

STUDY 1: VALIDITY OF GDS AMONG THE
CENTENARIANS

In the description of cognitive decline associated with
AD, Reisberg and colleagues published a series of articles
in the 1980’s that described the progressive nature of the
clinical course and presentations of AD in its early, middle,
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and late stages (14). Stages of the progressing illness were
defined by their clinical characteristics in terms of observable
everyday behaviors (15). Empirical evidence was presented on
significant associations between the state and rate of progres-
sive decline with independent behaviors, neuroradiologic, neu-
rometabolic, and neuroimmunologic assessments in normal
aging and progressive primary degenerative dementias
(15-20). Hence, the development of an ordinal scale based on
clinical observations by trained clinicians that ranks clinical
characteristics in terms of observable everyday behaviors with
levels of cognitive decline and levels of progression of AD was
shown to have practical, clinical, patient management applica-
tions (21). The scale has particular advantage when employed
with the centenarian population as cognitive performance tests
are taxing and time consuming for that population.

Reisberg’s GDS validation work did not include cente-
narians who are more frail and variable in terms of health
and cognition. Study 1 addresses whether the GDS has
similar diagnostic utility among centenarians (10). The study
focused on four research questions on the concurrent and
clinical validity of the GDS: (a) Is the ordinal ranking of the
GDS staging similar to those found in other global mea-
sures of cognition such as the Mini-Mental State Examina-
tion (MMSE; 22) and the Clinical Dementia Rating (CDR)
scale (23,24)? (b) Does the distribution of the GDS scores
substantiate clinicians’ and neuropathologists’ independent
dementia assessment? (c) Could the GDS ordinal ranking of
dementia severity positively relate to or predict accepted stan-
dards of dementia in levels and variations in neuropsychologi-
cal tests such as executive function, verbal fluency, abstract
reasoning, memory, basic, and instrumental functioning?
Finally, (d) are there consistencies between GDS ratings and
neuropathological findings such as density of neurofibrillary
tangles and cerebral atrophy? Answers to the earlier questions
would provide information on the usability of GDS in terms of
concurrent and clinical validity with centenarians.

Methods

Subject recruitment.—Study participants were associated
with Phase III of the Georgia Centenarian Study, a population-
based multidisciplinary study examining the genetics,
neuropathology, functional capacities, adaptations, and
resources of centenarians. Based on census information
from 44 counties in Northern Georgia, the study included a
population-based sample of 244 centenarians and near cen-
tenarians (age 98—108 years) recruited from the community,
personal care homes, and nursing homes (NHs) in 44 coun-
ties in Northern Georgia. At the time of recruitment, census
estimated about 1,200 centenarians resided in the 44 counties.
The University of Georgia Institutional Review Board
approved the methodology, and all participants provided
their informed consent to participate. A detailed description
of the recruitment, instruments, and testing methodologies
can be found in Poon and colleagues (25).

Mean age of the sample was 100.6 & 2.04 years with range
from 98.1 to 108.6 years. The majority of the sample was
women (84.8%) and Caucasian (78.7%). Overall, 43% resided
in NHs, 19.7% in personal care homes, and 37.3% resided in a
private home/apartment. Mean years of education for the sam-
ple was 10.6 + 3.8 years (range from O to 17 years, n = 237).

A subset of centenarian participants (N = 51) was enrolled
in a Neuropathology Study and consented to postmortem
brain donation. These subjects have agreed to longitudinal
follow-up evaluation and were re-examined every 6 months
in their homes with monthly phone checks to the family.
Mean age of the participants in the brain donation sample
was 100.8 = 2.1 years (range from 98.1 to 105.9 years). This
sample is also predominantly Caucasian (88.2%) and women
(90.2%). Fifteen of the participants (29.4%) lived indepen-
dently in private home/apartment, 24 lived in NH (47%), and
12 lived in personal care home (23.5%). Mean years of
education were 10.4 £ 3.9 years (range from 0 to 17 years).

Measures.—Because the GDS (15) is the primary instru-
ment of inquiry, a full description is provided. The GDS is a
behavioral rating scale that is based on the premise that three
major clinical phases of dementia are identifiable: forgetful-
ness, confusion, and dementia. These phases are further
refined into seven clinically identifiable and ratable stages.

GDS stage 1 is identified as normal and shows no cogni-
tive decline. In stage 2, there are subjective complaints of
memory deficit, such as forgetting formerly well-known
names and where one has placed familiar objects. There is
no objective evidence of memory deficit on clinical inter-
view and in employment/social situations. Stage 3, known
as mild cognitive impairment, represents an intermediate
stage between the cognitive changes of aging and fully de-
veloped symptoms of dementia. Mild cognitive impairment
is not easily diagnosed and is frequently confused between
age-associated normal memory decline and beginning de-
mentia. Deficits in stage 3 manifest in more than one area:
for example, getting lost when traveling to unfamiliar loca-
tions, work and name finding deficit becomes apparent to
intimates/co-workers, decreased ability in remembering
names of new people, concentration deficit on clinical testing,
patients may read and remember relatively little material,
and decreased performance in demanding employment/
social settings. Objective evidence of memory deficit is
obtained only with an intensive interview. The subtlety of
the clinical symptoms may be increased by the denial that
often begins to become manifested in these patients. Mild-
to-moderate anxiety accompanies symptoms. GDS stage 4
is the earliest stage of dementia (26). On clinical interview,
clear-cut deficits manifest in the following areas: decreased
knowledge of current and recent events, memory of personal
history, and decreased ability to travel, handle finances, and
perform complex tasks. Generally, there is no deficit in
time/person orientation, recognition of familiar persons and
faces, or ability to travel to familiar locations. Denial is a
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dominant defense mechanism. In stage 5, patients can no
longer survive without some assistance. There is some
disorientation to time (date, season, etc.) or place. During
interviews, patients are unable to recall an address or
telephone number of many years, the school from which
they graduated, or the names of close family members
(grandchildren). However, they know their own names
and generally know their spouse’s and children’s names.
Patients do not require assistance with toileting and eating.
In stage 6, patients may occasionally forget their spouse’s
name, who they are entirely dependent upon for survival,
but almost always recall their own name. Patients are un-
aware of recent events in their lives, surroundings, and time
but can retain some sketchy knowledge of their past lives.
Personality and emotional changes occur including: delu-
sional behavior (may accuse their spouse of being an impos-
ter, talk to imaginary figures, or their own reflection in the
mirror); obsessive symptoms (repeat simple cleaning activi-
ties); anxiety, agitation, and violent behavior; and loss of
willpower because an individual cannot carry a thought long
enough to determine a purposeful course of action. Patients
require some assistance with activities of daily living (ADLs).
Stage 7 reflects a very severe cognitive decline: patients lose
verbal abilities, basic psychomotor skills, and require assis-
tance with all ADLs including toileting and feeding.

Procedure.—Participants were tested individually at their
homes by a trained interviewer over four 2-hour sessions (25).
The GDS was one of the last instruments employed after 8
hours of interaction over four sessions with the participant to
provide the trained interviewer sufficient time to clinically
judge the level of functioning associated with the scale. No
informant was involved in the derivation of this measure.

The study research questions focused on centenarians
and whether and how GDS relate to (a) other global tests of
cognitive status such as the MMSE (22) and the CDR (23),
(b) neuropsychological tests such as executive function (Be-
havioral Dyscontrol scale) (27), verbal fluency (Controlled
Oral Word Association Test; 28), abstract reasoning
(Wechsler Adult Intelligence Scale—III Similarities; 29),
memory (Fuld Object—Memory Evaluation; 30), (c) func-
tional abilities such as ADLs (31), instrumental activities of
daily living (32), Direct Assessment of Functional Status
(33), Physical Performance and Motility Examination (34),
(d) neuropathological findings such as density of neurofi-
brillary tangles and plaques and cerebral atrophy, and (e)
concordance with clinical and neuropathological assess-
ments. Detailed descriptions of these instruments can be
found in Poon and colleagues (25) and will not be provided
here. Hence, our analysis strategy was to evaluate the con-
cordance through correlations among the ordinal ranking of
GDS with the performances of the tests noted previously.

A subset of 51 centenarians consented for the neuropa-
thology study. Longitudinal data collection was initiated 6
months after the main data collection and every 6 months after

with three frequently used global dementia scales: the CDR
(23), Consortium to Establish a Registry for Alzheimer’s
Disease (35), and MMSE, along with a brief neurological
examination until the participants’ deaths. The goal was
to gather as much global cognitive status data as possible.
After death, fresh brain weight was determined and 1 cm
sections were removed from the left frontal, temporal, and
occipital poles and rapidly frozen on metal plates. Then the
brains underwent MRI scanning for data associated with
white matter volume, gray matter volume, lateral ventricular
volume, volume of specific lobes, and volume of infarcts.
Following MRI, neuropathological assessment of the fixed
brain was independently conducted by a neuropathologist
(W.M.), who was unaware of all clinical and neuropsychologi-
cal data. First, cortical atrophy was assessed macroscopically.
Following macroscopic assessment, densities of postmortem
diffuse plaques, neuritic plaques, and neurofibrillary tangles as
well as Lewy bodies and vascular changes (atherosclerosis and
arteriosclerosis, previous infarcts and hemorrhages) were mea-
sured in the cerebral cortex, hippocampus, amygdala, and
entorhinal cortex. Extant neuropathological diagnostic criteria
that were frequently used for the diagnosis of AD were
employed, and they were Khachaturian (36), Consortium to
Establish a Registry for Alzheimer’s Disease (37), Braak (38),
and National Institute on Aging—Reagan Institute criteria (39).
Consensus conferences were held among neurologists, neuro-
psychologists, and neuropathologists on diagnosis based on
respective clinical and neuropathology data sets.

Results

Missing data.—In the initial sample, the GDS scores were
missing for four centenarians (1.6%, n = 244). In the subset of
centenarians with neuropathology data (rn = 51), the GDS score
for one female centenarian (1.9%), and the CDR scores for 17
centenarians (33.3%) were missing, mostly because the partic-
ipants died before they were tested for CDR (n = 15). Partici-
pants with missing data were not included in the analyses.

The distributions of global, neuropsychological, and
functional measures by the stages of dementia severity are
displayed in Table 1. Correlations of these tests with GDS
are displayed in Table 2.

Concordance with global measures.—Table 2 shows the
bivariate (Spearman’s) correlations between the GDS and
the other concomitant measures. The left panel shows
correlations for the entire sample (N = 240), and the right
panel shows correlations for the subset of participants (N =
50) who participated in the neuropathology study. It is not-
ed that the two sets of correlations show parallel and robust
patterns of results. The GDS exhibits a high and significant
association with MMSE (r=-.9, p <.001) and CDR (r = .8,
p <.01), two instruments commonly used in global dementia
assessment. Although GDS and CDR are similar instru-
ments reflecting clinicians’ judgment of dementia severity,
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Table 1. Distribution of Mean and SD of Neuropsychological and Functional Measures by GDS Levels

GDS Levels ~ MMSE (M+SD)  WAIS (M+SD)  DAFS (M+SD) COWAT (M+SD) BDS(M+SD) ADLs(M%SD)  IADLs (M % SD)
1 27.9+14 16.1 7.4 73.9+53 94+2.9 172421 134+1.9 121421

2 249435 129+89 64.1 % 15.1 6.9+3.2 148+33 125+23 94+32

3 20.8+4.9 92+7.8 543+175 49+3.1 120+3.8 11.9+3.0 93+33

4 18.3+5.1 75+85 47.1+13.9 45+32 8.0+5.5 11.3+22 8.8+2.9

5 142+4.1 55452 375+ 168 29+23 54+44 11.1+3.1 8.8+3.7

6 6.4+5.1 0.7+1.8 14.9 £ 14.1 0.7+1.2 1L1+18 89+53 6.9+53

7 0+0 0£0 0+0 0+0 0+0 0+0 0+0
Total N 240 237 231 233 232 221 21

Notes: ADLs = activities of daily living; BDS = Behavioral Dyscontrol scale; COWAT = Controlled Oral Word Association Test; DAFS = Direct Assessment
of Functional Status scale; GDS = Global Deterioration scale; IADLs = instrumental activities of daily living; MMSE = Mini-Mental State Examination;

WAIS = Wechsler Adult Intelligence Scale.

MMSE is a performance-based instrument that is also highly
associated with the GDS.

Concordance with neuropsychological tests.—Table 2
also shows that GDS correlated significantly with central

Table 2. Bivariate Correlations (Spearman’s Correlation) Between
the GDS and Neuropsychological, Functional, Neuropathological,
and Global Measures of Cognition with Total Sample (N = 240,
left panel) and Subset of Participants in Neuropathological
Study (N = 50)

GDS GDS

Measures Correlations Total N* Correlations Total N*

Global measures

MMSE —0.9%%* 240 —0.9%** 50
CDR 0.87%#% 33
Neuropsychological measures
COWAT —0.7%%* 233 —0.7%#%% 50
BDS summary score —0.8%%* 232 —0.8%** 50
FOME delayed recall —0.7%%* 232 —0.8%%* 49
FOME delayed recognition ~ —0.3%* 232 -0.3*% 49
FOME retention estimate —0.77%%* 232 —0.8%** 49
WALIS similarities subscale —0.6%** 237 —0.7%** 50
Functional measures
ADLs —0.4%%* 221 -0.3 44
ADLs, proxy report —0.6%%* 215 —0.7#%* 44
TADLs —(.3%%* 221 —0.4* 44
TADLs, proxy report —0.7%%* 238 —0.8%%* 49
DAFS —0.8%#%* 231 —0.8*** 50
PPME —0.5% %% 240 —0.6%** 49
Neuropathology measures
Fresh brain weight —0.4%* 50
Cerebral atrophy 0.5%** 50
Braak 0.5%%* 46
CERAD 0.3 50
NIA-Reagan 0.5%** 43

Notes: ADL = activities of daily living; BDS = Behavioral Dyscontrol scale;
Braak = Braak neuropathological staging of Alzheimer-related changes; CDR =
Clinical Dementia Rating scale; CERAD = consortium to establish registry
for Alzheimer’s disease; COWAT = Controlled Oral Word Association test;
DAFS = Direct Assessment of Functional Status scale; FOME = Fuld Object—
Memory Evaluation; GDS = Global Deterioration scale; IADL = instrumental
activities of daily living; MMSE = Mini-Mental State Examination; NIA-
Reagan = National Institute on Aging—Reagan institute criteria for neuropath-
ological diagnosis of Alzheimer’s disease; PPME = physical performance and
motility examination; WAIS = Wechsler Adult Intelligence Scale.

*N ranged between 221 and 240 due to missing data.

TN ranged between 33 and 50 due to missing data.

*p <05, #p < .01, ***p < .001.

executive functioning (Behavioral Dyscontrol scale, r = —.8,
p < .001), word fluency (Controlled Oral Word Association
Test, r = =7, p < .001), memory (Fuld Object-Memory
Evaluation, r = -7, p < .001), and abstract reasoning
(Wechsler Adult Intelligence Scale similarity, r = —.6,
p <.001).

Concordance with basic and instrumental functions
and mobility.—GDS was able to predict in a statistically
significant manner ADL (r = —.4, p < .001) and instrumental
activities of daily living (r=-.3, p <.001), as well as mobility
performances (Physical Performance and Motility Exami-
nation, r = —.5, p < .001). It is also noted that the mean
performances of the Direct Assessment of Functional Status,
a direct observational measure of ADL and instrumental
activities of daily living, in each of the seven stages of the
GDS are statistically different and distinct.

Concordance with neuropathological findings.—Variations
of the GDS was significantly correlated with variations
in neuropathologic findings in the Braak score (r = -.5,
p < .01), cerebral atrophy (r = .5, p < .001), brain weight
(r=-.4, p <.01), and National Institute on Aging—Reagan
Institute criteria for dementia (r = .5, p <.01).

Concordance with clinical and neuropathological
assessments.—Among the 51 participants who participated
in the neuropathology study, it is interesting to note that
clinical and neuropathological assessments are not in per-
fect agreement as found by a number of studies (40-42). In
nine cases, the subjects were found demented clinically;
however, no neuropathological evidence of dementia was
found. In two cases, subjects were judged to be cognitively
intact; however, the subjects met criteria for dementia neu-
ropathologically. It may be possible that some centenarians
have more premorbid cognitive reserves or that neuropa-
thology may have different clinical significance among cen-
tenarians. These are important research issues for the next
phases of centenarian research. It is important to note that
clinical and neuropathological agreement was found in 39
of the 51 cases. Table 3 shows the concordance between
GDS and the consensus diagnoses among the 39 cases.
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Table 3. Concordance of GDS Ratings With the Consensus
(clinical/neuropathological) Diagnoses

Consensus GDS =4-7 GDS =3 GDS =1-2
Diagnoses (Yes Dementia) (Maybe Dementia) (No Dementia) Total
Yes dementia 18* 6 2 26
Maybe/MCI 1 2% 1 4
No Dementia 1 1 T* 9
Total 20 9 10 39

Notes: MCI = mild cognitive impairment. Fisher’s Exact Test of association,
p =.0003.
* Concordant cells.

There is a perfect concordance between the GDS ratings
and consensus diagnoses in 27 of 39 cases (69.2%), and
Fisher’s Exact Test shows this concordance is statistically
significant, p = .0003.

Discussion

The primary question posed in Study 1 focused on
whether the GDS has sufficient concurrent and clinical
validity for its use with centenarians. The results showed
favorable outcomes. One, GDS is highly correlated with
the MMSE and CDR, two commonly used and validated
instruments in the assessment of cognition and dementia.
Two, GDS has significant concordance with neuropsycho-
logical tests of cognitive functions that are related to AD as
well as assessment of basic and instrumental functioning.
Three, the GDS scores are indicative of changes in neuro-
pathological indices in AD such as the Braak score, cerebral
atrophy, brain weight, and National Institute on Aging—Rea-
gan Institute criteria for dementia. Finally, GDS ratings are
in concordance in 27 of 39 cases in terms of
independent, clinical, and neuropathological consensus
ratings of dementia.

The GDS was derived from clinical observations over the
time course of patients with primary degenerating disease
of the Alzheimer’s type (43). As the onset of AD is insidious,
family members could detect gradual decline of cognitive
function over time. The GDS denotes the seven stages of
decline from normal to early incipient to mild, moderate,
moderately severe, and severe stages. The results from
Study 1 showed the scale can be appropriately employed
with centenarians and contains concurrent and clinical
validity in its application.

STUDY 2: POPULATION-BASED STUDY OF DEMENTIA
PREVALENCE

The goals of Study 2 are to employ the GDS with cente-
narians to (a) identify the prevalence of all-cause dementia in
arepresentative sample of centenarians, (b) differentiate the
distribution of behavioral staging of forgetfulness, confusion,
and dementia in this population-based sample, and (c) dem-
onstrate how variations in sampling characteristics could
differentially bias the observed prevalence. Participant
recruitment, methods, and procedures are described in
Study 1.
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Figure 1. The frequency distribution of dementia severity for centenarians
(mean = 3.9, SD = 1.7).

Results

Missing data.—The GDS scores for four female cente-
narians were missing (1.6%). We did not report the results
on this category because of the small numbers. Analyses
were conducted on both weighted (adjusted to population
values) and unweighted (unadjusted) means. Results were
generally identical. The weighted values are reported here.

Patterns of dementia prevalence.—Figure 1 shows the
pattern of frequency distribution of GDS severity. The dis-
tribution of GDS among centenarians is evenly distributed
in the middle ranges, with a median of 4 and a mean of 3.9
(SD = 1.7); 6.6% of centenarians had a GDS stage 1 and
15.9% had stage 2; 25.3%, 12.9%, 17.5%, 16.5%, and 5.4%
of centenarians had stages 3—7, respectively.

Impact of gender, race, living arrangements, and
education on dementia prevalence.—Table 4 shows the
proportion of centenarians without dementia, with mild
cognitive impairment, or with dementia, by gender, race,
living arrangements, and educational attainment. African
American centenarians (x%(2) = 11.1, p =.004) and NH res-
idents had a significantly higher frequency of dementia,
compared with Caucasians and community or personal care
home residents (32(2) = 24.8, p <.001). Based on the ¢ test,
female centenarians had a slightly higher dementia severity
(mean GDS = 4) compared with males (mean GDS = 3.5;
1(237) = 2.3, df = 237, p < .05). When female and male
centenarians were divided into three categories of severity,
the gender difference was only marginally different (}2(2) =
4.1, p = .13). Higher educational attainment was associated
with lower likelihood of dementia (x2(4) = 20.4, p < .001).
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Table 4. Dementia Distribution of Centenarians by Gender, Race, Living Status, and Education

Centenarians (N = 240)

No Dementia (GDS = 1-2) MCI (GDS =3) Dementia (GDS = 4-7) Total N p Value
Gender, n (%)
Male 9 (20.9) 16 (37.2) 18 (41.9) 43 13
Female 45 (22.7) 45 (22.7) 108 (54.5) 198
Race, n (%)
White 45 (26.8) 47 (28.0) 76 (45.2) 168 <.004
African American 9 (12.5) 14 (19.4) 49 (68.1) 72
NH 6 (8.8) 11 (16.2) 51 (75.0) 68 <.001
PCH 13 (41.9) 7 (22.6) 11 (35.5) 31
PH/A 36 (25.2) 43 (30.1) 64 (44.8) 143
Education, n (%)
Less than HS 11 (13.1) 13 (15.5) 60 (71.4) 84 <.001
Some HS 7 (26.0) 11 (40.7) 9(33.3) 27
HS graduate 36 (28.8) 37 (29.6) 52 (41.6) 125

Notes: GDS = Global Deterioration scale; HS = high school; MCI = mild cognitive impairment; NH = nursing home; PCH = personal care home; PH/A = private

home/apartment.

Discussion

The first two goals of Study 2 were to examine the preva-
lence and distribution of dementia in a representative sam-
ple of centenarians with an average age of about 100 years
in Northern Georgia. In this representative sample, we
found that about a quarter of the centenarians (22.5%) have
no cognitive impairment or objective evidence of memory
deficits on clinical interview and in employment or social
situations (stages 1 and 2). Among these individuals, about
16% exhibited some form of mild forgetfulness. About a
quarter of the centenarians (25.3%) were identified as having
difficulty in remembering names, getting lost in familiar
settings, difficulty in learning new information, and prob-
lems in concentration in work or social situations (stage 3).
As noted earlier, stage 3 is commonly known as the mild
cognitive impairment stage in which an individual exhibits
some form of transient confusion. About half of the cente-
narians (52.3%) were identified having some form of
dementia ranging from exhibiting clear-cut deficits in recent
and familial information, traveling, finances, time/person
disorientation (stage 4 or early dementia) to needing assis-
tance for some ADLs and to delusional behaviors and
severe cognitive dysfunction requiring assistance to all ADLs
(stages 5—7 or moderate to severe stages).

It has been reported that investigators have used different
criteria in judging dementia prevalence (7). This can be
demonstrated using the distribution of severity from this
study. If one uses a criterion of adequacy of everyday func-
tioning (GDS stages 1-3), then the prevalence is 52.2%.
However, if one uses a strict criterion of any sign of mild
confusion to severe dementia (GDS stages 3-7), then the
prevalence is 77.5%. The range of prevalence is similar to
the 42% to 75% reported by many studies. Hence, it is
important to clearly state the criteria used to judge the
presence of dementia in reporting prevalence. Variation in
the decision criteria may be sufficient to produce the large
variability in reported prevalence (44).

The second goal of the study was to examine how sam-
pling characteristics could affect the prevalence of demen-
tia. Race, residence status, and education were found to
significantly affect prevalence while gender contributed a
marginal effect. African American centenarians had a higher
frequency of dementia compared with Caucasians. The re-
sults replicated findings reported with older adults who are
not centenarians. Although the reasons for race
differences in dementia prevalence are not clear, it has been
hypothesized that there are potential associations with dif-
ferences in genetic background, known disease risk factors
such as hypertension, diabetes mellitus, stroke, education
levels, socioeconomic status, and cultural differences in the
perceptions of dementia (45).

As expected, education also affected dementia prevalence.
Our results replicated the robust findings that among older
adults education is negatively related to dementia preva-
lence. Further, centenarians in NHs were more demented
than those living in the community. Although this finding
seems to be logical and expected, convenience samples
of centenarians living in the community would underesti-
mate dementia prevalence in the population, but the oppo-
site is true with the oversampling of centenarians living in
institutions.

Gender differences seemed to exert a marginal effect.
Severity of dementia was found to be slightly higher for
women compared with men; however, this difference disap-
peared when we examined gender differences across the
three levels of severity. Our findings may explain why some
investigators found gender differences, but others did not.

The study of centenarians has progressed from simple de-
scriptive studies to multi- and interdisciplinary population-
based studies to systematically unravel the secrets of
longevity (46). The question still persists on the rate of
change of cognition among centenarians and whether cente-
narians are statistical outliers or expert survivors who could
test the applicability of our current aging theories and
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models. As centenarians at the end of life tended to be frail
and have limited ability to stand up to the vigor of biomedi-
cal and psychosocial studies, they are also well protected by
their families and communities. Hence, it stands to reason
that early researchers tended to employ convenience sam-
ples to get as much information as possible even if the
methodologies were flawed for generalizations.

WHAT HAVE WE LEARNED?

What have we learned from these two studies that could
assist future investigators in the study of cognition and
dementia among centenarians? First, we established that the
GDS has concurrent and clinical validity for the assessment
of dementia for centenarians. Second, the criteria used in
the determination of dementia are critical to the resultant
dementia prevalence. If one uses a criterion of adequacy of
everyday functioning (GDS stages 1-3), then the preva-
lence is 52.2%. However, if one uses a strict criterion of any
sign of mild confusion to severe dementia (GDS stages
3-7), then the prevalence is 77.5%. Finally, we have shown
the variation in demographic characteristics of the sample
could definitely influence the observed prevalence of
dementia among centenarians. Hence, convenient samples
may over- or underestimate prevalence, and this may
explain the large disparity of dementia prevalence reported
in the literature. Many of the first generations of centenarian
studies are descriptive studies of convenient samples from
which caution must be exercised in the generalization of
reported dementia prevalence (46).

On the other hand, population-based studies have limita-
tions as well. A common example is the limited number of
men and minorities in a representative sample that could
reduce statistical reliability in examining gender and race
differences. Two practices are commonly employed to
address the situation, although these practices have cost-
effectiveness trade-offs. The first is to oversample the variable
that is underrepresented. Given the difficulty in recruitment
of protected centenarians, significantly more resources are
needed to execute this practice. The second is to ensure that
the obtained data are representative of the population by
applying a weight correction to adjust differences between
census and sample characteristics. This method was
employed in Study 2. Greater confidence in the result could
be achieved even though the numbers of men and minorities
are small in the sample.
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