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Abstract
Objectives—To examine alternative models of defining and characterizing successful aging.
Design—A retrospective cohort study
Setting—OlImsted County, MN.
Participants—560 community-dwelling non-demented adults, aged 65 years and older.

Measurements—Three models were developed. Each model examined subtestsin four
cognitive domains: memory, attention/executive function, language, and visual-spatial skills. A
composite domain score was generated for each of the four domains. In Model 1, aglobal z-score
was further generated from the four cognitive domains, and subjects with mean global z-scorein
the top 10% were classified as “ successful agers’ whereas those in the remaining 90% were
classified as “typical agers’. In Model 2, subjects with all 4 domain scores above the 50
percentile were classified as “ successful agers.” In Model 3, a primary neuropsychological
variable was selected from each domain, and subjects whose score remained above minus 1 SD
compared to norms for young adults were labeled successful agers. Validation tests were
conducted to determine the ability of each model to predict survival and conversion to mild
cognitive impairment (MCl).

Results—Model 1 showed 65% lower mortality in successful agers compared to typical agers,
and also a 25% lower conversion rate to MCI.

Conclusion—Model 1 was most strongly associated with longevity and cognitive decline; as
such, it can be useful in investigating various predictors of successful aging, including plasma
level, APOE genotype, and neuroimaging measurements.
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INTRODUCTION

With the growing of population of older adults, the topic of successful aging has received
increasing attention from various aspects of research (1). However, although thereis
increasing public and research interest in successful aging, the construct awaits a standard
definition and there are currently no accepted sets of criteria. The question of which
components are essential to the definition of successful aging is still a subject of
considerable debate, as is also the term to be used, with descriptors including “healthy
aging”, “successful aging”, and “ productive aging”. While no single term is more
comprehensive or universally accepted over others, in the present study, we will use the
term “ successful aging”, adopting the model proposed by Rowe and Kahn in 1987, in which
adistinction is made between “ successful” and “usual” aging(2).

Attempts at characterizing successful aging date back to 1960s, where Havighurst defined it
as“adding lifeto the years’ and “ getting satisfaction from life” (3). Whileinterest in
successful aging remained through the decades, it peaked again with Rowe and Kahn's 1987
landmark article in Science, in which they distinguished “successful” aging from normal or
“usual” aging, and highlighted the need for characterizing the healthiest among the older
population. This prevailing model was then advanced in a set of studies conducted by the
MacArthur Studies of Successful Aging, in which successful aging was characterized as
involving freedom from disability along with high cognitive, physical, and social
functioning (4).

A comprehensive review of 28 studies observed at least 10 components of the definition,
ranging from physical functioning to personality and self-rated health (5). The common
theme that emerged from these definitions was the absence of disability and perceived good
health. However, not al investigators (nor study participants) agree that good health is
essential to successful aging. A survey of 239 surviving alumni from the class of 1939 at

Y ale found that participants rated quality of life as good, despite the presence of diseases
and disabilities (6). Similarly, other researchers asked participants about their own
definitions of successful aging and observed arelatively greater emphasis on social
integration and well-being than found in definitions used by investigators (7-9). Other
studies also report an association between sleeping well and aging successfuly (10).

As such, operationalization of successful aging can differ depending on who definesit and
which components are measured (11). This emphasizes the need for well-developed criteria
of successful aging in that it helps better characterize successful aging. We chose cognitive
criteria because our goal was to characterize successful aging using resources of Mayo
Alzheimer’ s Disease Patient Registry (ADPR), a cohort that has alarge number of subjects
who have been longitudinally followed for along period of time (1986—-2004). Individualsin
this cohort underwent cognitive assessments at baseline and in follow-up examinations, and
this provided enriched cognitive data that allowed for testing various models of successful
cognitive aging. Thus, while we realize that there are different approaches to defining
successful aging, we chose to focus on cognitive successful aging in order to utilize this
large database that had several repeated cognitive assessments since it allowed us to develop
and test several models of successful cognitive aging. In addition, evidence from healthy
aging as well as Alzheimer’ s disease research indicates that cognitive functionis an
important factor in aging, and that cognitive integrity is likely a surrogate for successful
aging. As such, understanding cognitive aspects of aging can provide important insights into
successful aging.

Am J Geriatr Psychiatry. Author manuscript; availablein PMC 2014 February 09.
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METHODS

Selection of study subjects

Subjects were Olmsted County, MN, residents ages 65 years or older who were identified at
the time of their routine general medical examination in the Division of Primary Care
Internal Medicine at the Mayo Clinic. The details of subject recruitment have been
previously published and are briefly described here (12-14). The study protocol was
approved by the Institutional Review Board and informed consent was obtained from all
participants.

Subjects were identified from a community-based cohort of healthy individuals recruited
from 19862004 to serve as normal comparison groups and alongitudina normal cohort for
the Mayo Alzheimer ’'s Disease Patient Registry (ADPR). All eligible persons were
evaluated using an identical standardized clinical protocol that included a neurologic
examination by abehaviora neurologist and neuropsychological testing. Functional status
was assessed using the Record of Independent Living. Laboratory tests included CBC count,
thyroid function tests, Vitamin B-12 and folic acid levels, sensitive thyroid stimulating
hormone level, and syphilis serology. A blood draw for APOE-e4 genotyping was also
performed. A Charlson Comorbidity Index (14, 15) was calculated from diagnoses assessed
electronically using the records-linkage system of the Rochester Epidemiology Project, an
extensive indexing system based on surgical and medical diagnoses maintained by the Mayo
Clinic.

At the completion of the assessment, a consensus meeting was held involving behavioral
neurologists, neuropsychologists, nurses, and geriatricians. A final clinical diagnosiswas
made based on all available information. Participants became qualified as healthy
individualsif they were deemed by their clinician to be functioning normally in the
community and did not have a cognitive impairment and, in addition, did not have any
active neurologic, psychiatric, or other illnesses believed to affect cognition (as determined
by the neurologist’ sinterview), and were not taking any psychoactive medications.

Neuropsychological evaluation

Domain specific measures of cognitive function were ascertained from the Neuropsychol ogy
Screening Battery (NSB). The NSB consists of two or three measures in each of the
following cognitive domains. memory, executive function, language and visuospatial skills.
The testsin each domain were as follows: Memory: Logical Memory-I1 % retention and
Visua Reproduction-I1 % retention from the Weschler Memory Scale-Revised (WMS-R)
(16), Rey Auditory Verbal Learning Test(17), and Free and Cued Selective Reminding
Test(18); Attention: Trail Making Tests(19) and Digit Span and Digit Symbol subtests from
the Wechsler Adult Intelligence Scale-Revised (WAIS-R)(20); Language: Boston Naming
Test(21), Category Fluency, and Controlled Oral Word Association Test (22—24), and
Visuospatial: Block Design, Picture Completion and Object Assembly subtests from the
WAIS-R(20).

Each component test of a specific domain generated araw score and this score was
converted to aMayo’ s Older American Normative Studies (MOANS) value that corrected
for age and transformed the raw scores to a standardized score with a mean of 10 and
standard deviation of 3, and adjusted to population norms (25). The MOANS scores on each
measure were then combined within a domain to yield a composite domain score which is
tantamount to a z score for that domain.

Am J Geriatr Psychiatry. Author manuscript; availablein PMC 2014 February 09.
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Selection of criteria for successful aging

Candidate criteriafor successful aging were examined using three models. The models were
based on participants’ performance on the Neuropsychology Screening Battery, where a
composite domain score was obtained as described above.

In Model 1, amean global z-score was generated by calculating the mean of the four domain
scores. Participants with mean global z-score in the top 10% were then classified as
“successful agers” whereas those in the remaining 90% were classified as “typical agers’.

In Model 2, participants' domain scores in each of the cognitive domains were assessed and
those with all 4 domain scores above the 50t percentile were classified as “ successful
agers’. Participants with at least one domain score below the 50t percentile were classified
as“typical agers’.

Model 3 was based on age-associated memory impairment (AAMI), aterm proposed by
NIMH in 1986 to characterize memory changesin aging that are considered to be
manifestation of normal cognition.(26) The AAMI referenced memory function in older
individuals to the performance of younger adults, where diagnostic criteriainvolved 1 SD
below the mean established norms for young adults on standardized neuropsychological
tests. Thus, in Modd 3, ‘reverse-age-associated memory impairment (r-AAMI) criteriawere
generated using cutoff RAWscores for young adults aging 2435 years old. Subjects whose
RAWSscore remained above -1 SD compared to norms for young adults were labeled
successful agers. As such, the following cutoff RAWSscores in each of the four cognitive
domains were used to identify successful agers. Logical Memory || (Memory domain), with
cutoff score > 12; Boston Naming (Language domain), with cutoff score >= 53; Block
Design (Visuospatia domain), with cutoff score >= 21; and Trail Making B (Attention
domain), with cutoff score < 91.

Outcome measures

The primary outcome measures were mortality and conversion to MCl. Mortality was
determined by assessing all-cause mortality using the records linked resources of the
Rochester Epidemiology Project information in ADPR records, and State of Minnesota
death tapes. The diagnosis of MCl was made by the adjudicating team based on the
psychometric data and also using the Petersen et a criteria (memory complaint, normal
activities of daily living, normal general cognitive function, abnormal memory for age, and
not demented) (12).

Statistical analyses

For each model, Kaplan-Meier curves were constructed for successful agers and compared
to curves constructed for typical agers using the log-rank test. Hazard ratio (HR) and 95%
Cl were estimated using Cox proportional hazards models adjusting for age, education,
gender, and comorbidity. Statistical testing was conducted at two-tailed aphalevel of 0.05.
Analyses were performed using SAS (SAS Institute, Cary, NC).

RESULTS

The Venn diagram in Figure 1 indicates the number of participants identified as successful
agers using the three models. For this analysis, only participants who had all the
neuropsychological data needed to generate all the three models were selected, and there
were 560 such participants. Asthe Venn Diagram indicates, Model 1 yielded 56 participants
that were classified as successful agers, whereas the remaining 504 participants were typical
agers. Model 2 generated 76 successful agers and 484 typical agers, whereas Model 3

Am J Geriatr Psychiatry. Author manuscript; availablein PMC 2014 February 09.
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generated 34 successful agers and 526 typical agers. As the figure also shows, there were
some overlap between models, where 45 participants met the criteria for both Models 1 and
2; 17 met the criteriafor Models 1 and 3, and 15 met the criteriafor Models 1 and 3. In
addition, 14 participants met the criteriafor all three models. This suggests that some
participants were highly “successful” in that they met the cutoff scores for al three models.
However, since the number of such subjectsissmall, it is hard to make further predictions
about these subgroups.

Participant characteristics

Table 1 shows the characteristics of participants as awhole and grouped into the three
models. Asthe table indicates, for each model, education level was significantly higher for
successful agers compared to typical agers. In Model 3, successful agers were also
significantly younger than typical agers.

The entire cohort was followed for amedian of 7.9 years. In Modd 1, the median follow up
was 8.6 years (range: 2.1-16.2 years) for successful agers, and 7.8 years (range: 0.1-18.0
years) for typical agers. In Model 2, successful agers were followed for amedian of 7.8
years (range: 0.6-16.1 years), while typical agers were followed for 8.6 years (range: 0.1—
18.0 years). In Model 3, the median follow up was 8.9 years (range: 1.0-18.0 years) for
successful agers, and 7.8 years (range: 0.1-17.8 years) for typical agers.

Validation tests

Once the models were devel oped, the next question was to determine the utility of the
models in investigating various aspects of successful aging. As such, we wanted to examine
whether the models were able to predict (1) survival, and (2) conversion to MCI.

Figure 2 shows Kaplan-Meier survival curves for successful and typical agersin the three
models. Asthe figuresindicate, all models showed higher survival for successful agers than
for typical agers. For Model 1, in amultivariate anayses adjusted for age, gender, and
education, mortality was 35% lower in successful agers compared to typical agers (Table 2).
When comorbidity, as measured by Charlson Index, was added to the analyses, the effect did
not reach significance. Model 3 showed 48% lower mortality in successful agers compared
to typical agers, and when comorbidity was added to the analyses, the effect was not
significant (Table 2). Model 2, on the other hand, did not reveal significant effect for either
analysis. These findings indicate that Models 1 and 3 were able to predict survival in that
those identified as successful agers by these models tended to live longer than those
identified astypical agers. Further, when the analyses were adjusted for comorbidities, some
of these effects were diminished. This suggests that these models of successful aging share
explanatory variance with comorbidities in predicting longevity, and in so doing, capture
physical aswell as cognitive health.

Figure 3 shows Kaplan-Meier curves of conversion to MCI in the three models. Asthe
figuresindicate, all models showed higher conversion rate for typical agers than for
successful agers. For Model 1, multivariate analyses adjusted for age, gender, and education
showed that conversion to MCI was 75% lower in successful agersthan in typical agers.
Further, this effect remained the same even when comorbidity was added to the analyses
(Table 3). Model 2 showed a 58% lower conversion rate in successful agers, which also
remained when comorbidity was added to the analyses. Model 3 did not reveal significant
difference for either analysis. These findings indicate that Model 1 was able to predict
conversion to MCI in that those identified as successful agers by these models tended to
convert to MCI at alower rate than those identified as typical agers. Interestingly, analyses
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involving comorbidities did not significantly change the results, indicating that the effect of
comorbidities on conversion to MCI was minimal (Table 3).

DISCUSSION

The present study aimed to generate criteriafor successful aging by developing and testing
parallel models of successful aging. A longitudinal cohort of healthy individuals followed in
the Mayo ADPR was utilized, where participants performance in four cognitive domains
was assessed and three models of successful aging were generated.

Results indicated that, first, in all the models, successful agers were significantly more
educated than typical agers. Thisis consistent with evidence showing the link between
education levels and aging, where individuals with higher education levels perform better on
tests of cognitive function, and also show less decline over time compared to those with low
education level(27). Secondly, Model 3 yielded successful agersthat were sightly different
from the other models, where successful agers were significantly younger than typical agers.

Once the models were devel oped, the next step was to determine the utility of these models
in clinical research, i.e., the extent to which the devel oped criteria can be useful in assessing
various aspects of successful aging. To that end, we examined the ability of the modelsto
predict two endpoints.

First, with regards to survival, we found that Models 1 and 3 showed significant effectsin
that those identified as successful agers by these models lived longer than the typical agers.
Secondly, it was again Model 1 that showed a significant association with lower conversion
to MCI.

Model 1 generated the most reliable criteria for successful aging in that those identified as
successful agers by this model lived longer and also converted to MCI at alower rate. This
model has the potential to be useful in investigating various aspects of successful aging,
including biological determinants. One major endeavor of successful aging research has
been to determine which factors predict successful aging, and whether there are measures
that can differentiate successful agers from typical agers. Various studies have investigated
different predictors of successful aging (including plasmalevel, APOE genotype, and
neuroi maging measurements), and have used outcome measures such as longevity and
cognitive decline (5, 28, 29). Models that are sensitive to these outcome measures (such as
Model 1) can be useful in investigating such predictors of successful aging, and we plan to
explore these biomarkers in future studies using this cohort.

The present study has potential limitations. The models used to generate criteria for
successful aging were based only on cognitive functioning, and other domains such as
physical and social functioning were not assessed. While this was done to gain flexibility in
assessing whether physical and social activities serve as predictors, the criteriafor successful
aging remains a cognitive one and thus may not be comparable to other studies that have
included other domainsin their definitions.

The strengths of the study include alongitudinal cohort with alarge number of subjects who
have been followed for a median of 4.5 years (range: 1-15 years). In addition, the models
were developed using performance in four cognitive domains, thus allowing for a more
comprehensive evaluation of cognitive function. The parallel construction of three models
also allows for comparison of the models using the same cohort to determine which criteria
best define successful aging.

Am J Geriatr Psychiatry. Author manuscript; availablein PMC 2014 February 09.
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Figure 1.
Number of subjects identified as successful agersin the three models.
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Table 3

Hazard of Conversion to MCI Associated with Typical Agersin the Three Models.

Adjusted for age, gender, & education

Adjusted for age, gender, education & Charlson Index

p-value HR (95% CI) p-value HR (95% CI)
Model 1 0.02 0.25 (0.07-0.83) 0.02 0.26 (0.08-0.84)
Model 2 0.06 0.42 (0.16-1.06) 0.06 0.41 (0.16-1.05)
Model 3 0.38 0.53 (0.12-2.22) 0.40 0.54 (0.13-2.29)

HR = hazard ratio. Wald chi-square test (1 df).
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