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Preface

This is the 18th volume in a series on the broad topic of “Societal Impact
on Aging.” The ﬁrst ﬁve volumes of this series were published by Erlbaum
Associates under the series title of “Social Structure and Aging.” The present volume is the 13th published under the Springer Publishing Company
imprint. It is the edited proceedings of a conference held at the Pennsylvania
State University, October 4–5, 2004.
The series of Penn State Gerontology Center conferences originated
from the deliberations of a subcommittee of the Committee on Life Course
Perspectives of the Social Science Research Council, chaired by Matilda
White Riley in the early 1980s. That subcommittee was charged with developing an agenda and mechanisms that would serve to encourage communication between scientists who study societal structures that might affect
the aging of individuals and those scientists who are concerned with the
possible effects of contextual inﬂuences on individual aging. The committee proposed a series of conferences that would systematically explore
the interfaces between social structures and behavior, and in particular to
identify mechanisms through which society inﬂuences adult development.
When the ﬁrst editor was named director of the Penn State Gerontology
Center in 1985, he was able to implement this conference program as one
of the center’s major activities.
The previous seventeen volumes in this series have dealt with the societal impact on aging in psychological processes (Schaie & Schooler, 1989);
age structuring in comparative perspective (Kertzer & Schaie, 1989); selfdirectedness and efﬁcacy over the life span (Rodin, Schooler, & Schaie,
1991); aging, health behaviors, and health outcomes (Schaie, House, &
Blazer, 1992); caregiving in families (Zarit, Pearlin, & Schaie, 1993);
aging in historical perspective (Schaie & Achenbaum, 1993); adult intergenerational relations (Bengtson, Schaie, & Burton, 1995); older adults’
decision making and the law (Smyer, Schaie, & Kapp, 1996); the impact
of social structures on decision making in the elderly (Willis, Schaie, &
ix

x
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Hayward,1997); the impact of the workplace on aging (Schaie & Schooler,
1998); the evolution of the aging self (Schaie & Hendricks, 2000); mobility
and transportation in the elderly (Schaie & Pietrucha, 2000); societal impact
on health behavior in the elderly (Schaie, Leventhal, & Willis, 2002); mastery and control in the elderly (Zarit, Pearlin, & Schaie, 2002); impact of
technology on the elderly (Charness & Schaie, 2003); religious inﬂuences
on health and well being in the elderly (Schaie, Krause, & Booth, 2004); and
historical inﬂuences on lives and aging (Schaie & Elder, 2005).
The strategy for each of these volumes has been to commission reviews
on three major topics by established subject-matter specialists who have
credibility in aging research. We then invited two formal discussants for
each chapter—usually one drawn from the writer’s discipline and one
from a neighboring discipline. This format seems to provide a suitable
antidote against the perpetuation of parochial orthodoxies as well as to
make certain that questions are raised in regard to the validity of iconoclastic departures in new directions.
To focus each conference, the organizers chose three aspects of the conference topic that are of broad interest to gerontologists. Social and behavioral scientists with a demonstrated track record were then selected and
asked to interact with those interested in theory building within a multidisciplinary context.
The present volume focuses on the interplay of social structures and
self-regulation in the elderly. No one doubts that the social contexts in
which individuals develop exert strong inﬂuence on life trajectories. Those
born into environments that provide high quality education, supportive
social relations, and economic assets do better in old age than those born
into environments bereft of the same resources. However, the extent of
this inﬂuence is only beginning to be revealed. Recent research shows
that life experiences inﬂuence basic brain structures (e.g., the inﬂuence
of musical training on neural organization) and functions (e.g., inﬂammatory processes), and that social embeddedness may even protect against
Alzheimer’s disease. Similarly, education increasingly appears to have
a real effect on neural integrity. Thus, societal contexts may not simply
open or close doors for individuals; they may inﬂuence self-regulatory
processes at the most basic levels of functioning.
Although social structures are generally thought of as the independent
variables that affect individual aging, it is also possible to think of a lifetime development of self-regulatory processes leading to behaviors in old
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age that can have impact on and modify societal structures. Hence, we
ﬁrst consider self-regulation as the dependent variable, asking how social
contexts inﬂuence cognitive, emotional, and self-regulatory processes. We
then reverse the question, by treating self-regulation as the independent
variable and consequences for retirement and physical health as dependent
variables. This approach allows us to consider the question as to how the
effectiveness of self-regulation inﬂuences physical and economic outcomes
in old age.
The ﬁrst topic in this volume is concerned with the complex bidirectional inﬂuences between brain and environment. In particular, consideration is given to the effects of lifelong experiences as they affect cognitive
functioning in old age. The major review lists a variety of societal contexts
and in particular focuses on the protective role of education. Two commentaries caution, ﬁrst, that many individuals who proﬁt from favorable
environments seek out or are selected into such environments because of
genetic predisposition, and second, that the environmental impact may differ across historical contexts and in subsets of the population studied.
The second topic is concerned with individual resilience in societal context. A major impact of societal context on individual aging is through
providing the experiences necessary for learning how to navigate one’s
life, adapting to the complex societal and cultural rules and mores within
which the individual life course progresses. It is well known that the attainment of wisdom requires not only high levels of cognitive competence, but
also the successful experience of many complex life situations: a lifelong
process. However, experiential learning not only affects problem-solving
behavior, it also affects the development of life-stage-appropriate identity
and self-schemas that affect adult personality organization. It is also likely
to affect personality processes such as assimilation and accommodation in
old age. While the ﬁrst review chapter on this topic considers the acquisition of wisdom in societal context, the second directly addresses the role
of self-regulation as an important personality construct.
The third topic addresses the physical and economic outcomes of effective self-regulation across the adult lifespan. The issues and literature on
certain behaviors that may have major impact on major societal structures
are explored. The position is taken that successful aging results from effective self-regulation over the lifespan; that is, functional status in old age
reﬂects, in large part, the lifelong culmination of economic decisions,
health behaviors, and health care utilization. It also reﬂects social stand-
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ing and the favorable or adverse consequences that social status affords.
Speciﬁcally, sample cases examined in this chapter are the effects of selfregulation on the timing of retirement and the effects of self-regulation
upon health-related behaviors in different ethnic communities and social
classes.
We are grateful for the ﬁnancial support of the conference provided
by conference grant R13 AG 09787 from the National Institute on Aging
that led to this volume, and for the additional support from the College of
Health and Human Development of the Pennsylvania State University. We
are also grateful to Chriss Schultz for handling the conference logistics,
and to Jenifer Hoffman for coordinating the manuscript preparation and
preparing the indexes.
K. Warner Schaie
January, 2006
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1
Societal Inﬂuences That Affect
Cognitive Functioning in Old Age
Selam Negash and Ronald C. Petersen
INTRODUCTION
With the increasing of the population of older adults, there is a growing
interest in improving quality of life in old age, and in early detection
and prevention of cognitive declines with aging. One important aspect
of this endeavor pertains to achieving and maintaining cognitive vitality, which is shown to be essential to quality of life and survival in old
age (Fillit et al., 2002). Although it is well documented that aging is
accompanied by a decline in several domains of cognitive functions,
studies have also shown that such a decline is not common to all older
people, and that some older adults can in fact enjoy optimal aging without experiencing a signiﬁcant cognitive impairment. For example, in
successful aging, where individuals function effectively and successfully as they age, there is likely very little cognitive decline over the life
span, and cognitive function can be preserved well into the 10th decade
or beyond (Kaye et al., 1994). Further, even in typical aging, where
individuals encounter co-morbidities such as hypertension and coronary
artery disease as part of aging, it has generally been observed that some
cognitive functions such as those involving crystallized knowledge (e.g.,
vocabulary) remain preserved or even improve with age (Lindenberger &
Baltes, 1997).
Researchers over the past several decades have been investigating
whether there are factors, intrinsic or extrinsic, that would allow some
individuals to age successfully while others experience the consequences
of normal aging or even pathological forms of aging such as Alzheimer’s
disease (AD). The literature in the ﬁeld implicates an association between

1

2

/

Social Structures, Aging, and Self-Regulation in the Elderly

cognitive decline and factors such as educational and occupational attainment, cognitive and physical activity, and nutrition (Fratiglioni, PaillardBorg, & Winblad, 2004). The present chapter discusses some of these
lifestyle factors that are thought to inﬂuence cognitive vitality in normal
aging and dementia, and also the mechanisms that are speculated to underlie this relationship.
Terminology
In discussing cognitive declines with aging, it is important to consider
some of the terms that have been used over the years to describe the different degrees of cognitive impairment associated with aging. Historically,
attempts at characterizing cognitive changes at the normal tail end of the
continuum have produced several terms such as benign senescent forgetfulness (Kral, 1962), age-associated memory impairment (AAMI) (Crook
et al., 1986), and age-associated cognitive decline (AACD) (Levy, 1994).
These terms are meant to reﬂect the extremes of normal aging in general.
Recently, increased attention is being given to the boundary between normal aging and very early AD, and this transitional zone has been termed
mild cognitive impairment (MCI) (Petersen et al., 1999). MCI represents
a condition where individuals show memory impairment greater than
expected for their age, but otherwise are functioning well and do not meet
the commonly accepted criteria for dementia. The construct of MCI has
become recognized as a pathological condition rather than a manifestation
of normal aging, and it has recently received a great deal of attention as a
useful entity for possible therapeutic intervention.
The most typical scenario of MCI pertains to the amnestic subtype
(a-MCI), where individuals show impairment in a single domain of
memory with other cognitive domains remaining relatively intact.
More recently, as the ﬁeld of MCI has advanced, it has become apparent that other clinical subtypes exist as well (Petersen, 2003). Multiple
domain amnestic MCI pertains to individuals who, in addition to memory
deﬁcit, also have impairments in at least one other cognitive domain such
as language, executive function, or visuospatial skills. Multiple domain
non-amnestic MCI, on the other hand, pertains to individuals who have
impairments in multiple cognitive domains, but not including memory.
Single domain non-amnestic MCI, which is the least common subtype,
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pertains to individuals with impairment in a single non-memory domain
of language, executive function, or visuospatial skills. Other cognitive
domains, including memory, are essentially normal. Individuals in this subtype likely have a different outcome from those with memory impairment.
It is also imperative that individuals in all of these subtypes of MCI have
minimal impairments in functional activities that do not represent a signiﬁcant change in function from a prior level, and also do not meet the criteria
for dementia. Clinical subtypes of MCI have been proposed to broaden the
concept and include prodromal forms of a variety of dementias. As the ﬁeld
matures, and as we learn more about the various subtypes of MCI and their
ability to predict various forms of cognitive impairment, these could lay
the groundwork for therapeutic interventions that are tailored for speciﬁc
prodromal forms of dementia.
LIFESTYLE FACTORS
In the following section, we summarize the main ﬁndings from studies that
have examined the associations between cognitive functioning in old age
and lifestyle factors, such as attainment level, cognitive and physical activity, and nutrition. The link between these factors and the risk for dementia
will also be brieﬂy discussed.
Educational and Occupational Attainment
Several studies have reported an association between cognitive decline late
in life and educational and occupational attainment. Cross-sectional and
longitudinal data show that individuals with low levels of education perform poorly on tests of cognitive function and exhibit greater decline over
time compared to those with higher education levels (Evans et al., 1993;
Farmer, Kittner, Rae, Bartko, & Regier, 1995). Low levels of educational
attainment have also been linked to increased risk of dementia. Prevalence
studies conducted in various parts of the world have shown that the incidence and prevalence of AD was higher in individuals with low levels of
education (Katzman, 1993; Stern et al., 1994; Zhang et al., 1990; Callahan
et al., 1996). There is also evidence that education modiﬁes the relation
of AD pathology to cognitive functions; the relation of senile plaques and
level of cognitive function has been shown to differ by years of education
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(Bennett et al., 2003). Similarly, data derived from autobiographies of sisters participating in the Nun Study have shown that poor linguistic ability (as measured by idea density and grammatical complexity) in early
life was a strong predictor of poor cognitive function and AD in late life
(Snowdon et al., 1996).
The link between occupational attainment and AD has also been documented. Many studies have shown that the incidence of AD was higher
in individuals with low levels of occupational attainment (Callahan et al.,
1996; Dartigues et al., 1992), although there have been some exceptions
(Beard, Kokmen, Offord, & Kurland, 1992). Studies have also found a
relationship between occupational demands and cognitive decline, where
individuals in occupations involving lower mental demands and greater
use of manual skills showed poor cognitive performance and higher prevalence of dementia (Jorm et al., 1998). Similarly, AD patients have been
shown to engage in signiﬁcantly lower mental occupational demands and
signiﬁcantly higher physical occupational demands compared to control
participants (Smyth et al., 2004).
The mechanisms underlying the above associations, however, are not
fully understood. Nevertheless, some plausible explanations have been put
forth by several studies. Katzman (1993) has proposed that the protective
effect of education against cognitive decline is due to a neuronal reserve,
where higher educational attainment increases synaptic density, allowing
individuals to delay the onset of symptoms of cognitive impairment. The
extensive work in animal studies also appears to support this hypothesis in
that it shows brain weight and numbers of neuronal processes in rodents
are related to environmental stimulation (Kempermann, Kuhn, & Gage,
1998; Sirevaag, Black, Shafron, & Greenough, 1998). However, the extent
to which such ﬁndings can be extrapolated to humans is unclear. Another
support for this view comes from imaging studies, which have shown prominent regional cerebral blood ﬂow deﬁcits, suggestive of more advanced
pathology, in AD patients with higher educational and occupational attainment (Stern, Alexander, Prohovnik, & Mayeux, 1992; Stern et al., 1995).
The authors in these studies concluded that individuals with more reserve
are able to tolerate more AD pathology, and that at any level of clinical
severity, the underlying pathology is more advanced in patients with higher
levels of attainment. Consistently, they have proposed that increased educational and occupational attainment may reduce the risk of AD, either by
decreasing ease of clinical detection or by supplying a reserve that allows

Societal Inﬂuences That Affect Cognitive Functioning in Old Age

/

5

individuals to cope longer before AD is clinically expressed. However,
as proponents of the above view also note, the concept of a reserve must
be weighted against the alternate explanation of a detection bias. That is,
it is possible that low educational or occupational attainment enables the
clinician to diagnose dementia at an earlier point in time, in which case the
attainment effect would confound the diagnostic criteria (Katzman, 1993).
Although this remains a possibility, the above ﬁndings have also been
replicated in cases involving a more careful application of the diagnostic
criteria in order to reduce the likelihood of a spurious effect attainment
level, thus suggesting that links between higher incidence of AD and low
levels of educational or occupational attainment are not simply a result of
detection bias (Stern et al., 1994). In general, then, the protective effects of
educational and occupational attainment against cognitive decline late in
life appear to be supported by the literature.

Cognitive Activity
Recent research indicates that frequent participation in cognitively stimulating activities may also protect against cognitive decline and reduce
the risk of AD (Hultsch, Hertzog, Small, & Dixon, 1999; Wilson et al.,
2002). The construct of cognitive activity is generally operationalized in
the literature through use of a number of scales that measure frequency
of cognitive activities that are judged to primarily involve seeing or processing information (Wilson & Bennett, 2003). These may include reading a book, playing a game such as chess or crosswords, or listening to
a radio program. Studies that have examined the relationship between
cognitive activity and cognitive decline in old age have found that individuals who participate in cognitive activity and are engaged in their
environment show the least decline in cognitive function compared to
those with disengaged lifestyles (Hultsch et al., 1999; Schaie, 1984).
Engaging in cognitively stimulating activities during childhood has also
been associated with a higher cognitive function in old age (EversonRose, Mendes de Leon, Bienias, Wilson, & Evans, 2003). In addition,
cognitive activity has been hypothesized to be associated with incidence
of AD. Several studies have found that individuals who reported lower
participation in cognitively stimulating activities were at a higher risk of
developing AD compared to those reporting frequent cognitive activity
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(Scarmeas, Levy, Tang, Manly, & Stern, 2001; Wang, Karp, Winblad, &
Fratiglioni, 2002; Wilson et al., 2002).
The mechanisms that might account for the association between cognitive
activity and risk of AD are also unknown. One hypothesis, similar to that
mentioned previously for the attainment level, is that cognitive activity contributes to the development and maintenance of neural systems that underlie cognitive processes, thereby requiring more AD pathology before these
processes are disrupted and the disease is expressed clinically (Wilson &
Bennett, 2003). The considerable data from animal studies appear to be consistent with this view, and indicate that environmental enrichments inﬂuence
increased neurons, synapses, and dendritic arbors in several brain regions
including the hippocampus and cerebellum (Kempermann, Kuhn, & Gage,
1997; Kleim, Vij, Ballard, & Greenough, 1997).
Physical Activity and Nutrition
There is also evidence that cognitive function in old age is associated with
physical exercise and nutrition. For example, animal model studies have
demonstrated that physical exercise, such as access to a running wheel,
enhanced neurogenesis and improved performance on learning and memory tasks in adult mice (Praag, Kempermann, & Gage, 1999). The results
from human studies, on the other hand, have been mixed. While several
studies report exercise-related beneﬁts such as improvements in cognitive function (Weuve et al., 2004) and reduced risk of dementia (Abbott
et al., 2004), others studies have not. For example, cross-sectional data have
shown that individuals who had engaged in aerobic exercise performed
better than non-exercisers on several tasks, such as reasoning, working
memory, and vigilance monitoring (Bunce, Barrowclough, & Morris, 1996;
Powell & Pohndorf, 1971). Other studies, however, have not found such
association (Madden, Blumenthal, Allen, & Emery, 1989). Some epidemiological studies have also reported a link between physical exercise and
reduced risk of dementia (Abbott et al., 2004; Laurin, Verreault, Lindsay,
MacPherson, & Rockwood, 2001), while others have not (Wilson et al.,
2002). The inconsistent ﬁndings among these studies may have resulted
from several factors such as differences in the types of exercise and aspects
of cognition examined by the different studies. Nonetheless, it appears
generally that the animal and human data support some beneﬁcial effect of
physical activity on cognitive functioning in old age.
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Likewise, the relationship between nutrition and cognitive function late
in life has been investigated by various studies in several research areas.
Some animal studies have found that caloric restriction may have beneﬁcial effects on cognition in old age (Mattson, Duan, Lee, & Guo, 2001).
Other studies, however, have not found an association (Bellush, Wright,
Walker, Kopchick, & Colvin, 1996), and as such, the results with regards
to caloric restriction have been mixed. Further, caloric restriction is not
generally recommended in older adults because it may promote malnutrition, which could cause long-term cognitive impairments. Studies have
also examined the relationship between dietary fat consumption and cognitive decline, and have found that high consumption of total fats, saturated
fatty acids, and cholesterol was associated with cognitive decline in elderly
people (Ortega et al., 1996), while consumption of ﬁsh and n-3 fatty acids
correlated with reduced risk of AD (Morris et al., 2003). Further, some
studies have also reported an association between higher serum levels of
cholesterol and increased risk of dementia (Notkola et al., 1998), although
others have not (Engelhart et al., 2002). More research is needed in this
area to understand the relationship between diet and risk of dementia.
Another area of investigation that has gained increased interest, especially in recent years as the focus of AD research moves toward prevention, is the effect antioxidants may have against cognitive decline in aging.
Antioxidants such as Vitamins E and C help neutralize free radicals that
can cause oxidant injury, and they have been associated with various beneﬁts such as promoting cardiovascular health (Frei, 1995). Vitamin E has
also recently gained attention in the clinical trials for MCI. A recent study
involving Vitamin E and donepezil, however, has indicated no therapeutic
effect for Vitamin E while donepezil reduced the risk of progressing to AD
for the ﬁrst 12 months of the trial (Petersen et al., 2005). Further investigation is needed in this area, and additional work is likely to continue.
SUMMARY
In general, then, the literature indicates a strong association between various lifestyle factors and cognitive functioning late in life, although some
studies have not found such associations. Some of this variability may be
the result of several factors, including differences in the design of studies
(e.g., longitudinal versus cross-sectional), the operational deﬁnitions of
variables under consideration, and the types of assessments of cognitive
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performance (Fratiglioni et al., 2004). Nonetheless, despite such limitations, the literature provides enough evidence to support the hypothesis
that an active and socially integrated lifestyle inﬂuences cognitive vitality
in old age. A lifestyle such as this may also serve to buffer against cognitive decline and perhaps aid in delaying the diagnosis of dementia. It
remains unclear, however, what mechanisms underlie these associations,
and whether this effect can be causal. It is possible that the aforementioned
associations are markers of innate characteristics such as genetic background. Indeed, the link between genetic markers such as apolipoprotein E
(apoE) and risk of dementia has been established, in that individuals with
an E4 allele were found to be at increased risk for AD (Corder et al., 1993;
Strittmatter et al., 1993). The presence of an E4 allele in MCI patients as
a predictor of progression to AD has also been reported (Petersen et al.,
1995). However, not all persons with the E4 allele develop dementia,
and this underscores the likelihood that the E4 allele is a risk factor that
interacts with other factors to cause dementia. As such, these observations stress the importance of genetic and environmental interactions
in inﬂuencing cognitive vitality late in life, and highlight the importance
of gaining an understanding of these interactions for early detection and
prevention of cognitive decline and dementia.
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Commentary: Societal Factors
in Cognitive Aging: One Eye
Wide Shut?
Naftali Raz
The process of aging is marked by signiﬁcant individual variability, the
sources of which are multiple and, by and large, ill-deﬁned. Nonetheless,
as longitudinal studies of brain and cognition show, individual differences may be quite stable and are transferred reliably along the path
of late life development (Deary et al., 2004; Hertzog & Schaie, 1986;
Raz et al., 2005). In an attempt to explicate some reasons for variability
in trajectories of aging, Negash and Petersen turn their attention to the
factors that until recently have been underestimated in biomedical and
cognitive gerontology. Speciﬁcally, they present a brief review of the
evidence pertaining to the role of educational and occupational attainment, cognitive and physical activity, and nutrition in cognitive decline
and stability. They conclude, on the balance of the surveyed evidence,
that all of the listed factors exert signiﬁcant inﬂuence on the individual
paths of aging and affect the likelihood of crossing a diagnostic line
between normal aging and dementia. Although they mention the role of
a speciﬁc genotypic variation (ApoE-E4 allele) in cognitive decline, the
authors assume that all of the factors considered in their brief survey are
societal in nature.
On the surface this seems true. However, there may be valid reasons
to doubt the exclusivity and even the primacy of society in the inﬂuences
discussed by Negash and Petersen. The aim of the following brief commentary is to broaden the Negash and Petersen argument for paying attention to the aforementioned so-called societal factors by highlighting the
non-societal aspects that fall beyond the scope of their review. More speciﬁcally, I will argue that social and cultural inﬂuences notwithstanding,
a signiﬁcant portion of the variance in the modiﬁers of cognitive aging
identiﬁed by the authors can be attributed to genetic sources that reside
9
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outside the realm of society and family environment, and need to be taken
into account in determining the mechanisms of cognitive aging.
Education is the ﬁrst of the societal factors Negash and Petersen mention. Indeed, an institutionalized education process is implemented within the
conﬁnes of culture and society and is therefore a good candidate for a nonbiological modiﬁer of aging. However, population genetics studies present
evidence that complicates that expectation. A signiﬁcant genetic component
for educational achievement was found in large European cohorts (Bartels,
Rietreld, Van Baal, & Boomsma, 2002; Heath et al., 1985). Research of the
past several decades has established that whatever intelligence quotient (IQ)
may reﬂect, and no matter how malleable it may appear, educational achievement is heritable to a substantial degree (Bouchard, Lykken, McGue, Segal, &
Tellegen, 1990). Regardless to the discussion of causality, educational attainment is linked to IQ and cognitive performance in the general population and
in older adults (Pedersen, Plomin, Nesselroade, & McClearn, 1992; Pedersen,
Reynolds, & Gatz, 1996). Moreover, the association between achievement
and IQ is also inﬂuenced by genotype (Bartels et al., 2002; Heath et al.,
1985), and age-related changes in heritability of cognitive traits are unlikely
to be large (McArdle & Hamagami, 2003). Notably, in genetically related
individuals, education does not predict incidence of pathological cognitive
decline (Gatz et al., 2001). Thus, if education has any effect on how we age, it
is likely to act as an expression of genetic endowment and early experiences,
including, and maybe especially, biological events of embryogenesis rather
than societal events of adulthood.
Recent studies of a well-documented Scottish cohort support the hypothesis that cognitive skills measured at age 11 determine to a large extent cognitive performance at age 79 (Deary et al., 2004). The Nun Study (Snowdon
et al., 1996) cited by Negash and Petersen in support of societal inﬂuences
on cognitive aging, can actually provide the evidence against them. As the
lifestyle within religious order is tightly controlled and societal inﬂuences are
minimized, the variability in age trajectories of cognitive performance is probably determined by non-societal, mainly biological, factors, many of which
are inherited. The ﬁndings that persons engaged in occupations with reduced
mental demands evidence “poor cognitive performance and higher prevalence
of dementia” can be just as parsimoniously explained by variation in levels of
cognitive prowess registered before entering a speciﬁc occupation.
The next societal factor considered by Negash and Petersen is enriched
cognitive activity. They conclude that “individuals who reported lower
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participation in cognitively stimulating activities were at a higher risk
of developing AD compared to those reporting frequent cognitive activity.” The problem with this argument is twofold. First, cognitive activity
is not independent of general cognitive abilities and skills, thus referring this proposition to the previously discussed role of premorbid and
inherited cognitive abilities. Second, propensity for cognitive activity
and other recreational interests show a reasonably high level of heritability (Lykken, Bouchard, McGue, & Tellegen, 1993). Thus, “active
lifestyles” are not assigned to individuals at random, but may be predicated on interaction between their genetic endowment and their early
life history, not current societal inﬂuences.
Vascular risk factors exert negative inﬂuence on brain and cognitive
aging even at the levels that used to be considered benign (e.g., Raz,
Rodrigue, & Acker, 2003). The authors consider the effects of potential
positive modiﬁers of vascular risk, such as physical activity and nutrition
on cognitive aging. Indeed there is growing evidence of beneﬁcial effects
of exercise on the brain and behavior of older adults (e.g., Colcombe et al,
2003). However, activity levels and propensity to engage in exercise and
sports (An et al., 2003; Maes et al., 1996), as well as important biological
determinants of tolerance to high levels of exercise (VO2max), are heritable
(De Geus, Boomsma, & Snieder, 2003). Moreover, although exercise is a
reasonable way to reduce blood pressure (Bassuk & Manson, 2005), the
response of blood pressure to behavioral interventions is heritable to a
signiﬁcant degree (Rice et al., 2002). As for nutrition, genetic factors also
play a signiﬁcant role in shaping the extent of risk and the risk-enhancing
interactions with the environment, with high heritability observed for such
indices of obesity as body mass index (Speakman, 2004). Signiﬁcant heritability has been found for the daily amount of food, alcohol, and water
consumption, especially for the meal portion size, whereas the familial
environment effect on those indices is negligible de Castro, 1993). The
response to reactive oxygen species (free radicals) that are linked to nutrition and play a role in emergence of vascular disease may also depend on
speciﬁc genes (Kachiwala et al., 2005). Thus, societal modiﬁcations of
exercise and nutrition conducted in an attempt to introduce healthier lifestyles are constrained to a signiﬁcant extent by genetic factors.
In conclusion, Negash and Petersen’s attention to the relatively neglected
and potentially powerful inﬂuences on cognitive aging is welcome and
commendable. However, the term societal when applied to education,
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occupation, nutrition, mental engagement, and physical activity may be a
misnomer. Although we need to learn more about how the genetic variability and societal inﬂuences contribute to cognitive aging, more important
may be to understand how the heritable complex traits interact with societal constraints in shaping the patterns of cognitive stability and declines
observed in older adults. It may be surprising, but this conclusion, derived
from a different platform, is not fundamentally at odds with that of the
authors, who issue a broad appeal for understanding the “importance of
genetic and environmental interactions in inﬂuencing cognitive vitality.”
However, such understanding will necessitate an understanding of the
genetics of cognitive aging beyond ApoE, and an acknowledgement that
all behavioral and social traits are shaped by the workings of the genes in
the complex environment, and not by gene-free societal forces.
ACKNOWLEDGMENT
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Commentary: Societal Inﬂuences
on Cognition in Historical Context
K. Warner Schaie
INTRODUCTION
Negash and Petersen have identiﬁed and discussed a number of societal inﬂuences and lifestyle factors that mediate or moderate the path from normal
cognitive functioning, through mild cognitive impairment, to the diagnosis
of full-blown dementia. In this commentary, I will ﬁrst describe the different
forms of cognitive aging as characterized by differences in level and slope of
cognitive trajectories across the adult years. I will then comment on the various risks and protective factors inherent in differential social status characteristics and lifestyles, and indicate how the role of these factors is modiﬁed
by changes in historical context. Finally, I will provide some illustrations of
these changes with data from the Seattle Longitudinal Study (SLS).
FORMS OF COGNITIVE AGING
It is readily apparent that there are vast individual differences in patterns of
cognitive change across adulthood. Scrutiny of a variety of longitudinal studies
of cognition (cf., Schaie & Hofer, 2001) suggest that four major patterns will
describe most of the observed differences, although further subtypes could,
of course, be considered. These patterns would classify individuals into those
who age normally, those who age successfully (the super-normals), those who
develop mild cognitive impairment, and ﬁnally those who become clinically
diagnosable as suffering from dementia. Figure 1.1 shows commonly found
cognitive trajectories as reported in the SLS (Schaie, 2005), separately from
young adulthood through midlife, and from midlife to advanced old age.
The most common pattern is what we could denote as the normal aging
of cognitive abilities. This pattern is characterized by most individuals
13
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FIGURE 1.1 Alternate cognitive trajectories from young adulthood to
midlife (a), and from midlife to advanced old age (b).
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reaching an asymptote in early midlife, maintaining a plateau until the
late 50s or early 60s, and then showing modest decline on most abilities through the early 80s, with more marked decline in the years prior
to death (cf., Bosworth & Schaie, 1999). Among those whose cognitive
aging can be described as normal, we can distinguish two subgroups. The
ﬁrst includes those individuals who reach a relatively high level of cognitive functioning who can remain independent until close to their demise
even if they become physically frail. On the other hand, the second group
includes those who only reach a modest asymptote in cognitive development, and may require greater support and be more likely to experience a
period of institutional care in old age.
A small subgroup of adults experience what is often described as successful aging (Fillit et al., 2002; Rowe & Kahn, 1987). Members of this
group are often genetically and socioeconomically advantaged, and tend
to continue cognitive development later than most, typically reaching their
cognitive asymptotes in late midlife. While they too show some very modest decline on highly speeded tasks, they are likely to maintain their overall
level of cognitive functioning until shortly before their demise. These are
the fortunate individuals for whom the mortality curve has been virtually
squared and whose active life expectancy comes very close to their actual
life expectancy.
The third pattern, mild cognitive impairment (MCI), includes that
group of individuals who typically experience greater than normative
cognitive declines in early old age (Petersen et al., 1999). Various deﬁnitions, mostly statistical, have been advanced to assign membership to
this group. Some have argued for a criterion of 1 SD of performance
compared to the young adult average, while others have proposed a rating of 0.5 on a clinical dementia rating scale, where 0 is normal and 1.0
is probable dementia. Previously the identiﬁcation of MCI required the
presence of memory loss, in particular. However, more recently the diagnosis has been extended to include decline in other cognitive abilities.
There has also been controversy surrounding the question of whether
individuals with the diagnosis of MCI inevitably progress to dementia,
or whether this group of individuals represents a unique entity; which could
perhaps be described as experiencing unsuccessful aging (cf., Petersen,
2003).
The ﬁnal pattern includes those individuals who are diagnosed with
dementia in early or advanced old age. Regardless of the speciﬁc cause of the
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dementia, what these individuals have in common is dramatic impairment
in cognitive functioning. However, the pattern of cognitive change, particularly in those whose diagnosis at postmortem turns out to be Alzheimer’s
disease, is very different from those experiencing normal aging. When followed longitudinally, at least some of these individuals show earlier decline,
perhaps starting in midlife. Figure 1.2 shows the longitudinal ability patterns over a 35-year period prior to death for two women, one who was
diagnosed with Alzheimer’s disease, and another who died from a Cerebral
Vascular Accident (CVA) and presented a virtually so-called clean cortex.
SOCIETAL INFLUENCES THAT MEDIATE OR MODERATE
COGNITIVE CHANGE WITH AGE
Of the whole array of societal structures that can inﬂuence cognitive change
in cognitive functioning across adulthood (cf., Nagesh & Petersen, this volume), the most thoroughly documented ones appear to be educational and
occupational attainment. Although there are differences among the studies cited by Nagesh and Petersen, their sum total suggests that educational
attainment in particular may have some protective value or at least postpone
the onset of dementia (e.g., Katzman, 1990). It should be immediately noted
that these inﬂuences are not constant, but vary across changing historical
contexts (cf., Schaie & Elder, 2005; Schaie, Willis, & Pennak, 2005).
Educational Attainment
There has been a dramatic increase in educational attainment in the
United States over the past century. One of the major historical events
that particularly contributed to the increase of educational attainment
in men was the GI Bill, which was originally designed to reduce potential veteran unemployment after the end of World War II (cf., Laub &
Sampson, 2005). Disregarding changes in quality of education, the fact
remains that the duration of the educational exposure has increased markedly. Data from the SLS suggest that there has been an average increase
of approximately 5 ½ years of educational exposure over a 70-year period
(see Figure 1.3).
Not only have there been dramatic increases in educational exposure,
but there have also been dramatic changes in educational practice that have
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FIGURE 1.2 Longitudinal cognitive proﬁles over 35 years prior to death of
two women, one diagnosed with Alzheimer’s disease (a) and the other with no
cerebral abnormalities (b) upon post mortem.
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FIGURE 1.3 Cumulative cohort difference in years of education (from
Schaie, 2005).

markedly affected performance on mental abilities. Some of these changes
in practice have been positive, such as the increased emphasis on problem
solving skills, supporting gains in executive function for many. The basic
abilities affected are, in particular, Verbal Ability (due to increased educational exposure) and Inductive Reasoning (due to increased emphasis on
discovery methods in problem solving).
Evidence for these effects has been found in the SLS (Schaie, 2005). The
association between educational exposure and Verbal Ability is particularly
striking. Figure 1.4 shows a lifelong advantage for the well-educated, in
that the verbal ability of the average 80-year-old with post-college education
remains at the level of the average 25-year-old grade school graduate. Similar
ﬁndings are also shown for the association of educational attainment and
Reasoning Ability.
Occupational Status
Over the past century there have been dramatic changes in the workplace. Nevertheless, it remains true that the workplace characteristics
that are most likely to affect maintenance of high levels of cognitive
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FIGURE 1.4 Association between level of educational attainment and performance on tests of Verbal Ability (a) and Inductive Reasoning (b).
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FIGURE 1.5 Association between occupational status and performance on
tests of Verbal Ability (a) and Inductive Reasoning (b).

functioning are the extent to which the worker/employee is in control of
his time, engages in non-routine work activities, and engages in interpersonally challenging work pursuits (cf., Schooler, Mulatu, & Oates,
2004).
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Similar to the relationship with education, striking differences in longitudinal patterns of cognitive abilities for different occupational levels can
also be found. When study participants are classiﬁed into unskilled, skilled,
and professional workers, at the end of their work life, those termed professional still outperform skilled or unskilled workers at any life stage on
Verbal Ability, and remain at an advantage on Reasoning Ability throughout life (see Figure 1.5).
LIFESTYLE FACTORS THAT AFFECT COGNITIVE
FUNCTION THROUGHOUT ADULTHOOD
The most thoroughly investigated lifestyle inﬂuences that appear to affect
cognitive functioning throughout adulthood appear to be nutrition, exercise, and intellectually stimulating activities. All of these factors have been
subject to dramatic historical changes that seem to put cohorts born in later
generations at a great advantage in comparison to cohorts at similar ages
born in earlier generations. These factors include not only the increase in
educational exposure discussed earlier, but also changes in educational
practice that may positively or negatively affect performance on cognitive abilities (see below; Schaie et al., 2005). Marked changes have also
occurred in occupational distribution. Over the past century, following a
shift from agriculture to manufacturing as the principal source of employment, there was a shift to a service economy that has demanded the acquisition of computer skills and other more specialized competencies.
Although the evidence on the impact of changes in lifestyles on maintenance of cognitive functions into old age is still limited, generational differences in the practice of exercise, dietary restraint, and the utilization of
preventive health care are substantial (cf., Zanjani, 2004). Also impressive is
the increase in the availability of cognitively stimulating activities known to
have protective effects against cognitive decline (cf., Wilson et al., 2002).
CUMULATIVE COHORT DIFFERENCES IN COGNITIVE
ABILITIES
The historical changes described above have had signiﬁcant impact on
levels of performance on cognitive abilities. Figure 1.6 provides evidence
of cumulative cohort differences measured in the SLS by obtaining averages between successive cohorts over all available ages. Over the 84-year
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FIGURE 1.6 Cumulative generational difference of ﬁve mental abilities for
birth cohorts in seven-year intervals from 1889–1973.
Source: Schaie, K. W. (2005). Developmental inﬂuences on adult intelligence: The Seattle
Longitudinal Study. New York: Oxford University Press, p. 137. Reproduced by permission of
the publisher.

period for which data is available, it will be noted that there is a positive
cohort gradient for those abilities most directly impacted by educational
and occupational changes in our society: Inductive Reasoning, Verbal
Ability, and Spatial Ability. Numeric ability reached an asymptote early
in the 20th century and has been steadily declining, while Word Fluency
declined until the 1930s and then started returning to the level observed in
our oldest study participants, those born in the late 19th century.
To illustrate differences of within-cohort trajectories of mental abilities
across age, we selected three cohorts who, among them, in our study, cover
the age range from 25–81 years of age and who overlap each other at least
at three ages. The cohorts chosen are cohort 2 (born 1893–1899), cohort 6
(born 1921–1927), and cohort 10 (born 1949–1955). We are thus comparing baby boomers with the generations of their parents and grandparents.
Figure 1.7 again focuses on the abilities of Verbal Ability and Inductive
Reasoning. Note that the within-cohort slopes for Verbal Meaning differ
primarily in old age, while the slopes for Inductive Reasoning differ signiﬁcantly at all ages covered.
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FIGURE 1.7 Within-cohort developmental trajectories for three cohorts born
28 years apart on tests of Verbal Ability (a) and Inductive Reasoning (b).
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CONCLUSIONS
My interpretation of the review offered by Negash and Petersen and the
data I have presented from mine and my colleagues’ work in the SLS lead
me to ﬁve major conclusions about the role of societal inﬂuences on cognition over the adult life course:
First, it is clear that societal inﬂuences ensure that there is no single uniform pattern of cognitive aging. Hence, there is need to discover the different types of individual trajectories that characterize different forms of
cognitive aging. Second, there is conclusive evidence of generational differences in cognitive trajectories. That is, successive generations age differently. Third, it follows that historical changes in societal practices and
allocation of resources will affect both individual cognitive trajectories as
well as the prevalence of differential trajectories. Fourth, given the currently observable pattern of generational succession in cognitive level and
rate of decline, it is most likely that future generations will have greater
prevalence of more positive cognitive trajectories. Fifth, and ﬁnally, it is
likely that the greater availability of societal resources that serve as protective factors against cognitive decline will serve to compensate for the
impact of many cognitive risks now leading to unfavorable cognitive trajectories in late life.
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