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ABSTRACT
Whether one falls into the category of successfully aging elderly (SAE) is generally determined by biological, medical, psychological, and cognitive factors. SAE, pathological aging and usual aging, are the three
subgroups presented in the seminal science paper by Rowe & Kahn in 1987. SAE is currently vaguely
defined as being free of disease, having preserved cognitive function and an active life, but a more detailed
definition is lacking. As a result, the research on SAE is heterogeneous and hard to summarize. Nevertheless, it is clear that genetics, health, basic aging mechanisms, brain changes, cognition early in life, education level, lifestyle factors, subjective factors, the availability of societal health care, environmental factors,
and any interaction between all these variables, are important. There are also methodological difficulties
associated with studies of causal relationships across the lifespan. Obtaining a detailed understanding of
SAE research will be a challenging task for future researchers.

INTRODUCTION
Most of the epidemiological and clinical research
carried out in elderly populations so far has focused on
those with diseases and functional impairment. Less
research has been done on the part of the population
that reaches old age without disease or functional impairment. In disease research, each disorder has predefined criteria to determine its presence. This is not the
case when it comes to the category of SAE, and it has
been suggested that health conditions could be used to
differentiate between subgroups of elderly populations,
and that disease-free individuals could represent the
SAE (1).
The present paper gives a brief overview of SAE research, presented in three main sections: biological and
medical aspects; psychological and social aspects; and
cognitive aspects, all of which are either known, or
thought to be important for cognitive function in SAE.
Although our main focus will be the psychological and
cognitive aspects of SAE, this does not mean that we
consider the biological, medical and social aspects to
be less important. We propose that future research
should employ an extended definition of SAE, where
the focus is more on the stability of cognitive function,
or other health aspects, rather than on level of performance which is currently used to define SAE.
The concept of successful aging
The concept of successful aging (SAE), sometimes also
called optimal health or superaging, was introduced by
Rowe & Kahn in 1987 (2). Essentially, SAE represents
neither pathological aging, e.g., dementia, nor usual
aging, e.g., a gradual decline of psychological and bio-

logical functioning. Instead SAE represents a kind of
aging associated with a low probability of disease or
disability, high cognitive and physical function, as well
as active engagement with life, including maintenance
of autonomy (2,3). Other researchers have proposed a
more general definition, made up of six categories: no
physical disability over the age of 75 as rated by a physician, good self-rated health status, length of undisabled life, good mental health, objective social support,
and self-rated life satisfaction in eight domains, namely
marriage, income-related work, children, friendship and
social contacts, hobbies, community service activities,
religion and recreation/sports (4). More restricted definitions have also been proposed regarding cognitive
performance, for instance a classification as SAE when
the cognitive performance of 70- to 85-year-olds is
above the mean for 50 to 65-year-olds (5).
Figure 1 shows that the frequency of SAE is thought
to remain fairly constant until late in life, while there is
a steady fall in the frequency of usual aging throughout life, and a sharp rise in the frequency of pathological aging after approximately 80 years. For all three
categories of aging, terminal cognitive decline is expected to occur close to the end of life (6). This description
of prevalence of the categories of aging across time
must be viewed as a tentative model of cognitive aging
until more data on prevalence and incidence are reported.
An illustration of the diversity of elderly non-demented individuals can be found in the publications on the
H70 (age 70 was an inclusion criteria) epidemiological
study carried out in Göteborg, Sweden (7), in which
five categories of elderly individuals were empirically
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als is less, perhaps because they have genes related to
longevity and freedom from disease and/or they have a
favorable lifestyle. This scenario illustrates the possible relationship between the three categories of aging
and the interaction with factors that have an impact on
aging.

BIOLOGICAL AND MEDICAL ASPECTS
Disease and disability

Figure 1. A hypothetical illustration of the prevalence of
pathological aging, usual aging and successful aging between age 55 and 95 years.

found, based on functional capacity, subjective wellbeing, social contacts, cognitive function and physical
health status. The individuals were categorized as (i)
high in all five measures (25%; corresponding to
SAE), which was associated with high education level
and the longest survival, (ii) low in all five measures,
(iii) low in cognition only, or (iv) high in one of either
cognition, social contacts, or subjective well-being, or
(v) low in one of either physical health status, social
contacts, or subjective well-being. Hypothetically,
groups (ii)–(v) could represent various subgroups of
usual aging, when compared to the Rowe & Kahn
criteria, and therefore the H70 study could be considered a demonstration of the effect of the dynamic
interaction between various aspects on the aging process. Although SAE has stimulated research on factors
that are important for healthy aging, it still has a vague
definition, and consequently a lot of conflicting empirical findings.
Overview of SAE and causal factors
Hypothetically, pathological aging, usual aging and
successful aging are related to the interaction of a number of possible causative factors. These factors concern
biological, medical, lifestyle and environmental factors, which are differentially important in these three
aging categories. All individuals are affected by innate
biological and medical factors, such as immune system
issues, but not all are affected by disease. Environmental and lifestyle factors may vary in their influence,
depending on the individual, and their environment
and lifestyle. In this way, the pattern and interaction of
causative factors may determine the specific life course
of each individual.
In pathological aging, the combined influence of
biological factors, disease, lifestyle and environmental
factors may cause pronounced cognitive decline, disability, and lowered quality of life. In contrast, the influence of negative causative factors on SAE individu-

Rowe and Kahn (2,3) listed avoidance of disease and
disability and high cognitive and physical function as
two of the three main components of successful aging.
In this setting, the term “avoidance of disease” refers
not only to the absence of mental or physical disease,
but also to the absence of risk factors for disease. All
chronic physical diseases that cause functional impairment, the most important of which are diseases that
influence brain function, are exclusion criteria for SAE.
Degenerative neurological disorders, such as Alzheimer's disease, Parkinson's disease and multiple sclerosis
influence brain function directly, while cardiovascular
disorders and stroke influence brain function indirectly
through vascular changes in the brain. Other common
chronic disorders such as musculoskeletal disorders
cause impaired physical function due to reduced movement and pain. Fractures, the most common being hip
fractures, are another physical condition that leads to
reduced physical function, and in many cases also to
cognitive impairment. Furthermore, reduced sight and
hearing are common factors that can lead to inactivity
and reduced cognitive stimulation and function. Persons
suffering from serious psychiatric disorders like schizophrenia, psychotic disorders and bipolar disorders are
also excluded as SAE. In addition, elderly persons with
minor psychiatric diagnoses, such as depression and
anxiety disorders, who have symptoms that influence
quality of life and cognitive function, are excluded.
Possible theories about the biological and medical
model of SAE
Both genetic and environmental factors are important
for SAE. Much research has been done in the last two
decades on genetics and basic biological phenomena
that may affect the aging process.
Genetic factors
Research on the relationship between cognitive function
and genetics indicates that a part of the variation in
global cognition in adulthood can be linked to genetic
factors (8). Genetics may also influence longevity (9)
and disease occurrence. The relative importance of genetic factors as a cause of decreased cognitive function
seems to diminish during the aging process (4). The
genetic factors that are most important for SAE seem
to be those related to cardiovascular health, inflammatory processes, and fundamental cell conditions.
An example of the current studies on genetics and
cognition is a study by Nilsson and colleagues based
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on 4200 participants in the Betula study. The results
showed that among persons 70 years or older, three
genes (APOE, COMT, and KIBRA) were related to
SAE and good performance on cognitive tests (10).
Other studies have added BDNF to the list of genes that
may be related to cognitive function in SAE (11). It is
interesting to note that, at least for health status, the importance of genetic factors decreased with advancing
age (3), while the importance of nongenetic factors
increased, which has implications for health care and
society, as prevention programs that target the ederly
may be of greater value than previously thought.
Other basic biological factors
In basic research several factors that influence the metabolic function of brain cells and neuronal membranes
can lead to cell death and influence the aging process.
Oxidative stress, decline in mitochondrial function, reduced ability to detoxify free radicals, accumulation of
potentially injurious proteins and the effect of telomeres are some of these factors (12-14). Changes in
neurotransmitter systems, such as a decline in brain
dopamine activity is another possible factor (15). Other
researchers have pointed out that the immune system
plays a role in aging (16).
Brain characteristics and aging
In recent studies on brain characteristics in normal
aging (17,18), age-related shrinkage of brain volume
in SAE and usual aging was reported, as well as an
increase in white matter pathology. These changes were
paralleled by changes in cognitive performance. Functional MRI studies also demonstrated that age-related
changes in brain activity, such as reduced signals,
change in regional patterns and additional recruitment
of significantly active brain regions. In SAE, it has
been shown that preserved hippocampal activation
during encoding is linked to good episodic memory
performance (19).
Cognitive function and training
Intervention studies have reported that aerobic physical training increase cardiorespiratory fitness, as well
as cognitive function in older adults (20). In some of
these studies both behavioral improvement and changes
in brain characteristics have been reported. There are
also many cognitive/brain training programs on the
market, but few of these programs present evidence on
their efficacy in real life. However, research studies on
cognitive training in elderly individuals have reported
clear positive effects on daily life, although the effects
were not significant within the training program (20).
Finally it is noteworthy that there is a parallel between human studies on training and stimulation intervention and animal studies on the positive cognitive
effect of enriched environment. Conversely there is
also a parallel between studies on the negative effect
of restricted stimulation on the development of the
central nervous system (21).

PSYCHOLOGICAL AND SOCIAL ASPECTS
The main reason for the growing focus on cognitive
function in old age, especially during the last 20 or 30
years, is that it has a tremendous impact on our possibility to maintain independence and a high quality of
life during aging. In individuals that fulfill the criteria
of SAE, cognitive function is well maintained in old
age, in contrast both to pathological aging and usual
aging. In pathological aging the changes in cognitive
function are much more pronounced than in usual
aging, due to a number of diseases (e.g., Alzheimer's
disease and cerebrovascular diseases) that cause irreversible brain destruction.
Lifestyle
In recent years, epidemiological research on lifestyle
factors that may promote maintained cognitive function has increased tremendously (20). Four key areas
have been suggested as promising: high cognitive activity, high physical activity, active social engagement
and good nutrition. Interestingly, the same factors
found at low levels have been reported as possible risk
factors for pathological aging and dementia (4,20,21).
Longitudinal studies on the relationship between
cognitive function and health status has shown that
education level, as well as related concepts of mastery
and control and self-efficacy, are essential factors, in
addition to physical activity/training and measures of
cardiovascular status (21). On the other hand, low
education level seems to be a risk factor for dementia
development.
Self-rated health status and SAE
Self-rated health status is usually relatively high and
stable across age groups (around 80% of subjects rate
themselves as in good health) in spite of an increasing
frequency of disease, from very low in a person’s 20s
to high in a person’s 80s (10). In another study good
self-rated health status was reported by half of an
elderly population (23).
The correlation between self-rated health status and
health indicators, as well as memory performance, has
generally been found to be very low, except for medication and contacts with health care, where significant
correlations were found (24). Contrary to this pattern,
a number of health indicators were significantly associated with episodic memory performance (10). One
problem with such correlation studies is that statistical
significance is not always a good marker of clinical
significance.
The focus of psychosocial definitions includes previous, present and future expectation of life satisfaction, well-being and participation in social life, while
the biomedical status may be less important. A positive attitude to life and effective coping with present
circumstances, not physical health, seem to be the essential factors. Well-being may even be experienced in
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the presence of disease or disability. In a random national British survey of SAE, 75% of individuals aged
50 or more reported a self-rated status of very well
(25) for both health and various psychosocial factors.
This fact may have far reaching implications both for
the health care authorities as well as government-run
social intervention programs. In the future it may well
become an ethical dilemma as to where to put your
priorities, efforts and money, into successful biomedical health or psychosocial satisfaction?

COGNITIVE ASPECTS
Pathological aging increases from almost nil at age 65
to 50-75% closer to 100 years of age (26). In contrast
to usual aging and pathological aging, in SAE cognitive function remains in effect unchanged, or changed
to only a minor degree, until the last part of life (4),
when terminal decline (clear drop in cognitive function
during the last years of life) may occur affecting cognitive domains in general (6). At ages 70 and older, SAE
estimates of 10% have been reported based on memory
performance (27,28), with a probable decrease to only
a few percent at high age, according to biomedical definitions (23), though the percentage varies substantially depending on the study criteria and methods used.
In previous research, cognitive function has been
studied by less demanding measures, such as the MiniMental Status Examination, as well as comprehensive
sets of specific neuropsychological tests. This variation
on cognitive demands will have an impact on the results. By using a demanding set of tests (23 tests focused on memory), the epidemiological Betula study (5)
identified 8% of its non-demented 70-85-year-old participants as SAE when the criterion for performance
was set above the mean level for middle-aged individuals (50-65 years old). About one-third of these individuals remained in the SAE category 5 years later,
while the other two-thirds had declined to the status of
non-SAE individuals. At the same time, a small proportion of individuals classified as non-SAE at baseline improved in cognition after a 5-year follow-up
(2%) and were reclassified as SAE individuals. In that
study, the main predictor of SAE was high education
level. The idea that maintained cognitive function may
be associated with higher education level has been
related to the concept of cognitive reserve (29), i.e.,
the idea that individuals who had a high previous cognitive capacity can process tasks well, even after brain
pathology has begun.
An interesting example of SAE is the life of Madame
Calment (30). This woman performed comparably to
people in their 80s on language and memory tests at
over 100 years of age. She had no signs of depression,
and a good sense of humor; upon CT examination, it
was observed that her brain had been relatively spared.
Both her paternal and maternal ancestors had a long
life. She did not recall any serious illness during her
life and lived independently until the age of 115 years.
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Cognition in usual aging
In usual aging, there is a decline in some cognitive
domains, typically processing speed, episodic memory
and executive functions, while other domains, typically semantic knowledge, procedural memory, information and reasoning, are largely unaffected, or even
better through the life span (27,28,31,32). The onset of
changes may occur in middle age or later (28,33). The
cognitive functions most vulnerable to aging (and
disease) have sometimes been summarized in the term
“fluid functions”, while the functions more immune to
change are sometimes referred to as “crystallized functions” (34).
When presenting data on age-related changes, it is
important to base descriptions on longitudinal data
corrected for inter-individual confounding effects (e.g.,
education level, manifest and latent disease, socioeconomic status, etc.), as well as generational cohort
effects, rather than cross-sectional data, which usually
give an exaggerated view of the negative age effect on
cognitive function over time (28,33,35). It is also
important to consider the possible increasing interindividual variation in cognitive function over time.
Cognitive stability
It is well known that there is a high degree of cognitive
stability from young age to advanced age. For example
a Scottish study covering 66 years found a correlation
of r=0.73 in global cognition (36).
Seim published some pioneering work in which a
group of 11-year-old Norwegian preadolescents were
tested repeatedly until age 80 years, and which indicated that personality and cognition generally do not
change much throughout life (37). More recently the
results regarding cognitive stability were replicated in
the Lothian Birth Cohorts, which covered global intelligence between 11 and 70-87 years of age (38). Childhood global cognitive ability was the most powerful
predictor of global cognitive ability in late life. Other
predictors of late life cognitive ability were education
level and gender, but the effect of these factors was
minimal. Interestingly, none of the predictors had a
significant impact on changes in cognitive function in
late life. So it is seems to be important to differentiate
between the effect on the level of cognitive function
and on changes in cognitive function in late life. Hypothetically genetics are important to global intelligence both in childhood and in late life, while disease
is important for change in ability.
Is an expanded definition of SAE needed?
The current definitions of SAE exclude nearly 90% of
the elderly population, which poses the risk that
research based on this very selected group cannot be
applied to the category of usual aging, not to mention
the category of pathological aging. Our research group
believes that a broader definition of SAE, based more
on the stability of cognitive function than on the level
of functioning, on which the current definitions are
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heavily based, is needed. We also believe that a
broader definition is in line with current clinical work,
and will probably initiate more research relevant to the
development of both preventive and treatment strategies for older people in general.
Findings from the Older Norwegian Normative Study
(ONNS) in Nord-Trøndelag
A presumably healthy sample of 180 individuals aged
55-89 years were randomly selected from the HUNT 3
Research Center database (39,40). Out of these, a total
of 122 individuals were consecutively recruited to a
normative study of memory and intelligence, the
ONNS, and were tested with the Wechsler Memory
Scale (WMS-III) and the Wechsler Adult Intelligence
Scale (WAIS-III). Inclusion and exclusion criteria
used in the standardization studies of memory and intelligence in the USA (WAIS-III/WMS-III. Technical
Manual, 1997) were followed as closely as possible,
rendering a sample in good mental and physical health.
In addition to this procedure, each individual invited
was interviewed before WAIS-III/WMS-III, when they
were asked questions about any mental or physical
diseases affecting their cognition, or that might make it
difficult to accomplish the testing. It can thus be
argued that the 122 participants included are probably
a representative sample of the healthy population

between 55 and 89 years in Nord-Trøndelag. The test
results also showed a distribution that was close to
normal (although the number of participants at both
the very low and the very high scoring range was
somewhat small), which adds support to the argument
that the sample is representative (41). As a previous
study (39) found that the population of NordTrøndelag is largely representative of the Norwegian
population, this means that the results from ONNS
probably are representative of the older Norwegian
population. Individuals from this study can be further
selected according to specific criteria to define a group
of SAE, based on information collected before testing,
test results and data from the HUNT studies.

FUTURE PLANS REGARDING STUDIES OF
SUCCESSFUL AGING

New longitudinal studies are needed to study factors
that influence SAE. Our research group has studies
planned that will use the healthy individuals in the
ONNS study of Nord-Trøndelag as an endpoint, and
longitudinal data from the three HUNT studies (19841986, 1995-1997, 2006-2008) as predicting factors.
Further we will study SAE and depression, headache,
metabolic syndrome, physical activity and sleeping
patterns.
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