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By Christopher Hertzog, Arthur F. Kramer, Robert S. Wilson and Ulman Lindenberger

A
s everybody knows, if you 
do not work out, your 
muscles get flaccid. What 
most people don’t realize, 
however, is that your 
brain also stays in better 
shape when you exercise. 

And not just challenging your noggin by, for 
example, learning a new language, doing dif-
ficult crosswords or taking on other intellectu-
ally stimulating tasks. As researchers are find-
ing, physical exercise is critical to vigorous 
mental health, too.
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Surprised? Although the idea of exercising cog-
nitive machinery by performing mentally demand-
ing activities—popularly termed the “use it or lose 
it” hypothesis—is better known, a review of dozens 
of studies shows that maintaining a mental edge 
requires more than that. Other things you do—in-
cluding participating in activities that make you 
think, getting regular exercise, staying socially en-
gaged and even having a positive attitude—have a 

meaningful influence on how effective your cogni-
tive functioning will be in old age.

Further, the older brain is more plastic than is 
commonly known. At one time, the accepted stereo-
type was that “old dogs can’t learn new tricks.” 
Science has proved that this dictum must be dis-
carded. Although older adults generally learn new 
pursuits more slowly than younger people do and 
cannot reach the peaks of expertise in a given field 
that they might have achieved if they had started in 
their youth, they nonetheless can improve their cog-
nitive performance through effort—forestalling 
some of the declines in cognition that come with 
advancing age. As John Adams, one of the founding 
fathers and the second U.S. president, put it: “Old 
minds are like old horses; you must exercise them if 
you wish to keep them in working order.”

The news comes at a propitious time. The pro-
portion of older adults in the U.S. and in other in-
dustrial nations continues to grow: in 1900, 4.1 
percent of U.S. citizens were older than 65, but by 
2000 that amount had jumped to 12.6 percent; by 
2030, 20 percent of us will be in that category. From 
a societal point of view, prolonging independent 
functioning is both a desirable goal in itself and a 
way of deferring costs of long-term care. For indi-
viduals, maintaining optimal cognitive functioning 

FAST FACTS

aging and the Brain

1>> We are used to thinking of intelligence as largely a matter 
of genetic inheritance, but that is not the whole picture. 

What you do affects your mental well-being: staying physically and 
mentally active helps us stay sharp as we age.

2>> nevertheless, our personal efforts to bolster cognitive 
enhancement cannot forestall all declines in our cogni-

tive performance.

3>> What is especially surprising is the powerful link between 
physical activity and mental acuity. staying fit helps us 

keep cognition more robust as well.

stimulating 
 challenges such  
as puzzles help  

us keep our edge.

At one tIMe, tHe ACCepted SteReotype WAS tHAt    “oLd dogS CAn’t 
LeARn neW tRICKS.” SCIenCe pRoved tHIS dICtUM    MUSt Be dISCARded. 
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is worthwhile simply because it promises to enhance 
quality of life through the years.

mental training
How to keep minds keen over an entire life span 

is a question philosophers have mulled since the ear-
liest writings on record. As Roman orator Cicero 
put it: “It is exercise alone that supports the spirits, 
and keeps the mind in vigor.” Modern research in 
this field began in the 1970s and 1980s, with stud-
ies that demonstrated that healthy older adults can 
improve performance to a greater extent than had 
been previously assumed. The earlier research did 
not fully address certain questions, such as how 
long adults could retain the new skills they had ac-
quired through training, whether those specifically 
developed skills would also positively influence oth-
er areas of cognition needed in everyday life, and 
whether the studies done with small numbers of 
subjects would be broadly applicable to most mem-
bers of society.

The latest experiments confirm that cognitive 
training does show substantial benefits for older 
adults and that these effects can be relatively long 
lasting. Around the turn of this past century the 
federal government’s National Institute on Aging 
funded a consortium of researchers to conduct a 
large-scale training study in a sample of older 
Americans. In 2002 psychologist Karlene Ball of 
the University of Alabama at Birmingham and her 
colleagues published initial results on more than 
2,500 individuals older than 65 who had received 
about 10 sessions of cognitive training. Participants 
were randomly assigned either to a cognitive-pro-
cess training group to learn how to excel in one of 
three areas—memory, reasoning or visual search—

or to a control group of subjects who did not receive 
training. At a follow-up two years later, the team 
randomly selected a set of the initial participants to 
get booster training prior to evaluation. The results 
showed strong training-effect sizes in each group as 
compared with controls, along with a pattern of 
specificity in performance improvements. For ex-
ample, individuals trained in visual search evinced 
strong gains in visual search performance but little 
improvement, relative to controls, on the memory 
and reasoning tests, a typical finding in training 
research. Data from retests five years later on the 
sample found that measurable training benefits 
were still present after the longer interval.

An individual’s cognitive function can vary from maturity into old age. Al-
though good habits can promote sound thinking within a given range (top 
graph), we cannot completely halt the effects of aging (bottom graph).
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older adults (mean age 72, blue line) were slower than younger adults (mean 
age 21, red) to search memory (comparison slope, vertical axis) to verify 
whether a word was one of a set they had committed to memory a short time 
earlier. But with enough practice, they could speedily identify target words 
without needing to search for them, producing zero slopes.

cognitive function can change over a lifetime (shaded area). in addition to 
physical factors, environmental influences—such as engaging in mentally 
stimulating activities and exercising—can cause performance to boost or dip.
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More impressive, however, are recent training 
studies that focus on what psychologists call execu-
tive function—how a person plans a strategic ap-
proach to a task, controls what is attended to, and 
how he or she manages the mind in the process. Un-
like training that focuses on very specific skills, 
such as memorization strategies, training that aims 
to help people to control how they think appears to 
work on broader skills that are helpful in many sit-
uations that require thinking. For instance, psy-
chologist Chandramallika Basak and her colleagues 
at the University of Illinois recently showed that 
training in a real-time strategy video game that de-
mands planning and executive control not only im-
proved game performance but enhanced perfor-
mance on other tasks measuring aspects of execu-
tive control. Other results suggest that psychologists 
are learning how to train higher-level skills that 
may have a broader effect on cognitive function. 

You don’t have to have specialized training, 
however, to achieve cognitive gains or ward off cog-
nitive decline. Everyday activities such as reading 
can help. We reviewed evidence on activity-related 
cognitive enrichment in more than a dozen studies. 

In 2003 neuropsychologist Robert Wilson and his 
colleagues at Rush University Medical Center in 
Chicago recruited more than 4,000 elderly people 
from a geographically defined community and rat-
ed their frequency of participation in seven cogni-
tive activities (for instance, reading magazines). At 
three-year intervals for a mean of nearly six years, 
participants completed an in-home interview that 
included brief tests of cognitive function. More fre-
quent cognitive activity at the outset was associated 
with reduced rate of cognitive decline over time.

getting physical
Over the past decade several studies have under-

scored the link between physical activity and cogni-
tion. For instance, in a study published in 2001 neu-
ropsychiatrist Kristine Yaffe of the University of 
California, San Francisco, and her colleagues re-
cruited 5,925 women older than 65 at four different 
medical centers across the U.S. The participants 
were all free of any physical disability that would 
limit their ability to walk or pursue other physical 
activities. The volunteers were also screened to en-
sure that they did not have a cognitive impairment. 

The researchers then assessed their physical activity 
by asking the women how many city blocks they 
walked and how many flights of stairs they climbed 
daily and gave them a questionnaire to fill out about 
their levels of participation in 33 different physical 
activities. After six to eight years, they assessed the 
women’s level of cognitive function. The most ac-
tive women had a 30 percent lower risk of cognitive 
decline. Interestingly, walking distance was related 
to cognition, but walking speed was not. It seems 
that even moderate levels of physical activity can 
serve to limit declines in cognition in older adults.

Moderate movement is good, but toning your 
circulatory system with aerobic exercise may be the 
real key to brain fitness. In a 1995 study of 1,192 
healthy 70- to 79-year-olds, cognitive neuroscien-
tist Marilyn Albert of Johns Hopkins University 
and her colleagues measured cognition with a bat-
tery of tasks that took approximately 30 minutes to 
complete and included tests of language, verbal 
memory, nonverbal memory, conceptualization and 
visuospatial ability. They found that the best pre-
dictors of cognitive change over a two-year period 
included strenuous activity and peak pulmonary 
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AFteR SIx to eIgHt yeARS, tHey ASSeSSed tHe Wo-  Men’S LeveL oF CognI-
tIve FUnCtIon. tHe MoSt ACtIve HAd A 30 peRCent   LoWeR RISK oF deCLIne.

Older adults who participated in aerobic exercise (walking) outperformed 
those in programs for stretching and toning (controls) in cognitive task 
areas: executive (related to planning and multitasking), controlled (ef-
fortful processes in response to novel situations), spatial (dealing with 
spatial information in perception or memory) and speed.
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expiratory flow rate. In an investigation published 
in 2004 epidemiologist Jennifer Weuve of Harvard 
University and her colleagues also examined the re-
lation between physical activity and cognitive 
change over a two-year period in 16,466 nurses 
older than 70. Participants logged how much time 
they spent per week in a variety of physical activities 
(running, jogging, walking, hiking, racket sports, 
swimming, bicycling, aerobic dance) over the past 
year and provided self-reports of walking pace in 
minutes per mile. Weuve’s group observed a sig-
nificant relation between energy expended in phys-
ical activities and cognition, across a large set of 
cognitive measures.

The research that we have described thus far has 
examined mental performance over relatively short 
periods—just several years. A few studies have be-
gun to look at what happens over longer timescales. 
In 2003 psychiatrist Marcus Richards of University 
College London and his colleagues examined in a 
cohort of 1,919 men and women the influence of 
self-reported physical exercise and leisure-time ac-
tivities at age 36 on memory at age 43 and on mem-
ory change from ages 43 to 53. Analyses indicated 
that engagement in physical exercise and other lei-

sure-time activities at 36 was associated with higher 
memory scores at 43. Physical activity at 36 was also 
associated with a slower rate of memory decline 
from 43 to 53 years of age after adjusting for spare-
time activity and other variables. The data also sug-
gested little memory protection for those who 
stopped exercising after 36 but protection for those 
individuals who began to exercise after this time.

In 2005 then graduate student Suvi Rovio of the 
Karolinska Institute in Sweden and her colleagues 
examined the relation between physical activity at 
middle age and risk of dementia an average of 21 
years later, when the cohort was between 65 and 79 
years of age. Subjects indicated how often they par-
ticipated in leisure-time physical activities that lasted 
at least 20 to 30 minutes and caused breathlessness 
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physical activity bol-
sters memory and 
thwarts dementia.
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and sweating. Conducting such activity at midlife at 
least twice a week was associated with a reduced risk 
of dementia in later life. Indeed, participants in the 
more active group had 52 percent lower odds of hav-
ing dementia than the more sedentary group did.

mind-Body connection
It makes sense that training or participation in 

mentally stimulating activities would help cogni-
tion, but it is perhaps less immediately obvious why 
physical activity would have such an effect. Con-
sider the increasingly well-documented link be-
tween physical activity and disease. A plethora of 
studies have examined the health benefits of exer-
cise and a nonsedentary lifestyle for prevention of 
disease. For example, we now know that physical 
activity reduces the risk of cardiovascular-related 
death, type 2 diabetes, colon and breast cancer, and 

osteoporosis. On the other hand, cardiovascular 
disease, diabetes and cancer have been associated 
with compromised cognition. Therefore, you might 
expect that increased physical activity and exercise 
would maintain cognition by reducing risk of dis-
eases associated with cognitive decline.

In a study published in 2006 psychologist Stan-
ley J. Colcombe of the University of Illinois and his 
colleagues examined the influence of fitness train-
ing on potential changes in brain structure. The six-
month trial included 59 healthy but sedentary com-

munity-dwelling volunteers, age 60 to 79. Brain 
scans after fitness training showed that even rela-
tively short exercise interventions can begin to re-
store some of the losses in brain volume associated 
with normal aging.

Supporting these findings, a large body of non-
human animal research has demonstrated a number 
of changes in brain structure and function after an-
imals are exposed to enriched, or complex, environ-
ments. Enriched environments usually include run-
ning wheels, a multitude of toys and objects to climb 
that are changed frequently, and animal compan-
ions. Exposure to such environments yields several 
physiological benefits. First, it increases the forma-
tion of new dendrite branches and synapses—the 
areas of neural cells that receive and send communi-
cation signals. It also increases the number of glial 
cells, which support the health of neurons, and ex-
pands the brain’s oxygen-supplying capillary net-
work. Enriched environments foster the develop-
ment of new neurons and create a cascade of mo-
lecular and neurochemical changes, such as an 
increase in neurotrophins, molecules that protect 
and grow the brain. 

Doing puzzles and push-ups are helpful for 
some—but other factors also boost mental fitness. 
For one, getting involved in social groups both im-
proves cognition in general and seems to help thwart 
the arrival of dementia. The traditional focus of this 
research has been on relatively objective measures 
of social isolation versus connectedness, including 
the extent to which a person participates in activi-
ties that prominently involve social interaction 
(such as doing volunteer work), the number of 
friends and relatives an individual contacts regu-
larly (in other words, the size of his or her social 
network), and marital status. Findings about the 

>> More Science 
See the Psychological Science in the Public Interest article, 

“Enrichment Effects on Adult Cognitive Development: Can the Functional 
Capacity of Older Adults Be Preserved and Enhanced?” on which this  
story is based, at the Association for Psychological Science’s Web site:  
www.psychologicalscience.org

poSItIve AttItUdeS    MAy HAve IMpoRtAnt eFFeCtS on CognItIve 
enRICHMent BeCAUSe    oF tHeIR InFLUenCe on HeALtHy BeHAvIoRS. 

socializing—and 
even a positive atti-

tude—helps your 
brain stay healthier.
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positive aspects of attitudes and beliefs on adult 
cognition are spottier. In large part, positive beliefs 
and attitudes may have important indirect effects 
on cognitive enrichment because of their influence 
on the kinds of behaviors (for instance, exercise and 
mentally stimulating activities) that are known to 
be associated with cognitive enrichment.

More generally, individuals who are optimis-
tic, agreeable, open to new experiences, conscien-
tious, positively motivated and goal-directed are 
more likely to undergo successful aging, to take 

advantage of opportunities, to cope more effec-
tively with life circumstances, to effectively regu-
late emotional reactions to events, and to maintain 
a sense of well-being and life satisfaction in the 
face of challenge. 

And just as maintaining some activity patterns in 
old age may reduce risk of cognitive decline, the per-
sistence of other patterns of behavior may actually 
increase the risk. Chronic psychological distress—

resulting from depression, anxiety and neg ative emo-
tions such as anger and shame—is asso ciated with a 
variety of negative outcomes in adulthood, includ-
ing cognitive decline. The tendency to experience 
psychological distress is often called neuroticism. 
Studies have consistently found a higher level of neu-
roticism to be linked to an increased incidence of 
Alzheimer’s disease and mild cognitive impairment 
in old age.

enriching cognition
Clearly, there is no magic pill or one-shot vac-

cine that inoculates the individual against cognitive 
decline in old age. Thus, public policy regarding 
cognitive enrichment should follow a health preven-
tion model. Policy leaders might promote intellec-
tual activities that are inherently meaningful for 
older adults, perhaps as embedded in larger social 
contexts (for example, the Elderhostel movement or 
adult continuing education). A critical issue for fu-
ture research will be to understand how an engaged 
way of life can be promoted and implemented in 
midlife, during the working years. Given inevitable 
conflicts between work demands and time avail-
able for other roles (parenting, for one) and activ-
ities, it would be useful to know whether work- 
related activity programs (such as availability and 
use of physical exercise facilities at or near the 

workplace) could help foster an enriching lifestyle. 
At the same time, the public must be aware that 

there is still much that is not known about cogni-
tive fitness in old age, as well as some controversy 
about the magnitude and durability of mental ex-
ercise outcomes. People are beginning to market 
computer games and other means of exercising the 
mind, often making strong claims about the effec-
tiveness of expensive products that have not been 
backed by actual scientific studies. Consumers 
should look for evidence demonstrating the bene-

fits of any such products, which may not necessar-
ily incorporate all the features needed to enhance 
mental fitness in old age.

The next decades offer much promise for ex-
panding our knowledge about aging and cognition. 
We may soon discover whether the limits on success-
ful cognitive functioning in old age that were once 
seen as insurmountable can ultimately be viewed as 
pessimistic assumptions that focused on observable 
age-related decline rather than the potential for 
maximizing human performance through cognitive 
enrichment. Just as advances in medical science may 
lead to increased longevity through vehicles such as 
effective treatments for dementia-causing illnesses, 
advances in psychological science can make impor-
tant contributions to improving the quality of life of 
long-living older adults, in part by empirically dem-
onstrating that attitudes and behaviors can promote 
cognitive functioning in old age and, more generally, 
by showing how behavioral interventions can help 
us all age successfully. M
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