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Since January of 2006, a baby boomer has turned 60 every seven seconds in the United States,
according to Dr. John Trojanowski, director of the Institute on Aging at University of
Pennsylvania, who introduced the theme of this public symposium on “Healthy Brian Aging”.
And as these baby boomers get older, they are increasingly concerned about healthy aging,
particularly healthy brain aging, and seek to avoid aging-related neurodegenerative disorders,
like mild cognitive impairment (MCI), Alzheimer’s disease (AD) and other aging related
neurodegenerative disorders associated with progressive brain degeneration and relentless
declines in cognitive function.

AD is of particular concern because its prevalence increases exponentially with age after 65
and the world population is experiencing a longevity revolution in which the most rapidly
expanding segment of the global population is that over age 65. There are a range of estimates
on prevalence of AD in the United States, from 2.4 million1 to 5.22 million, based on differing
methodologies and approaches. But this notwithstanding, the number of people with AD is
expected to explode in coming years as the population ages, unless ways to prevent or treat the
disease are found. Indeed, someone develops AD in the United States approximately every 70
seconds, and AD has recently displaced diabetes as the 6th leading cause of death in the United
States. By 2030, by one estimate, as many as 7.7 million people in the United States could have
the disease, and by 2050 this number could rise to between 11 million and 16 million
people3. It is currently estimated that the cost of AD in the U.S. exceeds $100 billion annually,
and AD will likely affect the economies of other countries, including developing nations, as
well. For example, the London-based Alzheimer’s Disease International has determined that
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by 2040 the number of Alzheimer patients will more than triple in India, China and other
countries in south Asia and the western Pacific4.

With this in mind, the Penn Institute on Aging hosted some of the country’s leading
neuroscience researchers to discuss healthy brain aging at its Sylvan Cohen Annual Retreat on
May 6, 2008. Facing an audience of some 400 attendees made up predominantly of the general
public, Drs. Marcelle Morrison-Bogorad, Marilyn Albert, Carl Cotman, and Hugh Hendrie
discussed both the science underlying brain aging as well as specific strategies that might
reduce disabilities and enhance functional capacity.

How does the normal brain age?
Dr. Morrison-Bogorad, director of the Division of Neuroscience at the National Institute on
Aging (NIA), began by focusing her comments on normal aging, which itself is associated with
declining function in a number of areas. Normal cognitive changes associated with aging
include a decreased speed of learning and processing of information, difficulty in performing
several tasks at once, and changes in executive function, planning, sequencing, and working
memory. At the same time, language functions, including vocabulary and syntax semantic
processing, tend to be well preserved despite some difficulty with word retrieval5.

Scientists are now asking what, at a biological level, accounts for the “normal” declines with
aging and their relationship to the pathological symptoms of neurodegenerative disease. We
have known for some time, from examination of brain tissue at autopsy, that AD brains are
characterized by amyloid-beta (Aβ) plaques and neurofibrillary tangles made up of
phosphorylated tau protein. In recent years, we have been able to “see” amyloid burden in the
living brain through positron emission tomography (PET) imaging using the PET tracer 11C-
labeled Pittsburgh Compound-B (11C-PIB), which specifically binds to fibrillar amyloid-beta
(Aβ). The technique appears to offer the potential to detect Alzheimer’s disease even in the
preclinical stages of the disease. Studies using this test have shown as well that many
cognitively normal older adults over the age of 60, with no signs of dementia, have plaques6.

To better understand what happens in the brain that leads to AD, the National Institutes of
Health, academic medical centers and research institutes, the pharmaceutical industry, and
private foundations have joined in a unique public/private partnership, the Alzheimer’s Disease
Neuroimaging Initiative (ADNI), to identify the best combination of biomarkers, both brain
imaging and biological markers in body fluids, that can be used both to diagnose AD and to
monitor the effectiveness of treatments in drug trials more efficiently and perhaps even to
diagnose AD earlier in its course7. At the same time, researchers are exploring a wide range
of interventions, including drugs that may target the variety of brain changes associated with
aging and AD as well as lifestyle therapies including dietary changes, behavioral enrichment,
and exercise. Dr. Morrison-Bogorad also noted that while a number of observational and animal
studies have pointed to possible approaches for reducing risk of AD, further testing will be
needed to demonstrate effectiveness, dosages, and, in some cases, safety. Combinations of
multiple interventions are likely to be required.

Vascular risk factors
Theories about the association between cardiovascular disease and dementia have evolved over
time, but have garnered renewed interest in recent years. Forty to 50 years ago, people thought
cognitive decline was related to hardening of the arteries, said Dr. Marilyn Albert, Director the
Division of Cognitive Neuroscience at Johns Hopkins University School of Medicine. This
was followed by a period where people began to think of AD pathology as the primary cause
of dementia, with vascular disease playing little if any role. Now, she said, people are becoming
increasingly aware that vascular disease and AD both contribute to cognitive decline, and in
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fact seem to be additive. The importance of this realization is that since many vascular risk
factors, such as high blood pressure, high cholesterol, diabetes, obesity, and smoking can be
modified through lifestyle changes, and it is hoped that such changes may also have an impact
on cognitive decline.

Dr. Albert cited a number of studies showing that people with multiple vascular risk factors
are also at a greater risk for cognitive decline. For instance, one study conducted at Johns
Hopkins compared people with heart disease who underwent coronary bypass grafting (CABG)
surgery, off-pump surgery, or no surgery to heart-healthy individuals8. The study was
prompted by concerns that surgery itself resulted in cognitive decline among cardiac patients.
However, the study showed that after three years, people with vascular disease, regardless of
whether they underwent surgery, performed slightly worse on cognitive tests compared to the
heart-healthy control group. A follow up study after six years showed increased cognitive
decline in multiple domains among those individuals with coronary artery disease, again
regardless of whether they had surgery9.

How might vascular disease contribute to cognitive decline? One possibility is that people with
heart disease are more likely to have “silent strokes.” In fact, studies have shown that both
silent and frank strokes cause an increase in the risk of dementia10. While dementia severity
tends to be greater when vascular pathology is also present, vascular pathology and AD
pathology (e.g., plaques and tangles) appear to be independent and additive11. The implications
of these studies, said Dr. Albert, are that prevention of heart disease through multiple types of
interventions may not only improve heart health but promote healthy brain aging as well.
Randomized clinical trials, using medications that lower blood pressure or cholesterol, have
shown a major impact of risk for coronary disease and stroke, but not cognitive decline. Options
for future clinical trials include treating individuals with vascular risk factors in middle age or
using combinations of medications. The potential benefits appear substantial given the
evidence that vascular factors are associated with increased risk of cognitive decline.

Are exercise and diet the answer?
Dr. Carl Cotman, Director of the Institute for Brain Aging and the Alzheimer’s Disease
Research Center at the University of California, Irvine, argued that physical exercise builds
brain health, at least in animal models. In AD mouse models, exercise has been shown to reduce
amyloid accumulation and inflammation, enhance synaptic plasticity, induce brain growth
factor, and enhance communication among neurons in the brain, resulting in improved learning
(reviewed in Cotman et al.12 and Jedrziewski et al.13). In a large Nurses’ Health Study that
enrolled over 18,000 women, those who reported merely walking several times a week showed
improved cognitive function14. Significant benefits, he said, were achieved by walking as little
as 1.5 to 2.8 hours per week. Other studies have shown other brain benefits from exercise,
including a reduced risk of AD 15and larger brain volume16.

Dr. Cotman and others are trying to understand the mechanism by which exercise may improve
brain health. A number of functional changes are seen in brains from exercised animals, such
as improved learning, increased synaptic plasticity and numbers of neurons, protection from
injury, and resistance to depression. Dr. Cotman suggested that a common mechanism for these
effects could be BDNF (brain-derived neurotrophic factor), what he calls “brain fertilizer”. To
see if exercise increases brain BDNF, Dr. Cotman provided running wheels to a group of rats.
Each night, the rats run several kilometers, and after only one week showed increased levels
of BDNF in the hippocampus, which is involved in learning and memory. Tested in the Morris
water maze, the rats also showed an improved ability to learn where the escape platform was
located. Moreover, when an antibody against the BDNF receptor (TrkB) was injected into these
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animals, they could no longer find the platform, demonstrating that BDNF was responsible for
their improved learning.

Whether these rat studies can be extrapolated to humans remains an unanswered question.
Studies in higher animals, such as dogs, have attempted to answer this question. Dogs have
several advantages: they have some of the same genes as those implicated in human AD, such
as the gene for the amyloid precursor protein (APP); they naturally deposit amyloid in the brain
similar to that seen in humans; they show age-related declines in cognition, and they can
perform many of the same learning tasks as humans. Studies in beagles, for example, have
shown that learning is improved by providing an enriched stimulating environment and a diet
rich in antioxidants, said Cotman. Moreover, these “lifestyle” modifications resulted in
increased production of BDNF, reduced production of free radicals, increased energy
metabolism, a reduction in beta amyloid pathology, and reduced brain cell loss.

Happiness may be good for your brain
Attention to heart health, including diet and exercise, may not be the only path to healthy brain
aging. According to Dr. Hugh Hendrie from the Center for Aging Research at Indiana
University, attention to emotional health is also important. Yet although several studies
showing that a good, meaningful life enables both individuals and communities to thrive,
emotional health has generally been ignored as a means of promoting healthy brain aging. Dr.
Hendrie chaired a committee of the NIH’s Cognitive and Emotional Health Project, which was
charged with assessing the state of the science in this area and making recommendations about
future research priorities. Among the committee’s conclusions was that cognitive and
emotional health must be studied simultaneously17; however, Dr. Hendrie said this idea was
not widely accepted and there is still resistance to the idea that emotional health influences
cognitive function.

Nevertheless, he thinks this is an idea whose time has come. Studies suggest that a positive
affect has a positive influence on health outcome, he said, and that this association is
independent of the influence of negative affect18. In other words, while depression and anxiety
are known to be detrimental to health, the effects of happiness and optimism are less widely
accepted. Moreover, he noted that interventions are unlikely to succeed if they do not involve
population-wide changes. In other words, an individual’s mental health is strongly related to
the mental health of the community at large, so interventions that attempt to improve the well
being of larger communities are important19. Moreover, emerging evidence indicates that other
lifestyle factors also may influence cognitive health and the risk for AD 20. The table below
summarizes some of the more commonly recognized lifestyle and environmental factors that
association studies suggest are linked to risk for AD 20.

Because of emerging scientific and public interest in brain health, an Alzheimer’s Association/
Centers for Disease Control and Prevention initiative is underway to promote research, improve
public health surveillance, and develop initiatives in the area. As these and other efforts move
forward, all of the speakers agreed that more data, in particular, controlled trials that test both
the efficacy and effectiveness of the proposed interventions, are needed to prove that a positive
attitude, stimulating environment, and exercise can promote healthy brain aging; yet such large
studies are difficult to conduct and enormously expensive. In the meantime, Ms. Nora Dowd
Eisenhower, Secretary of the Pennsylvania Department of Aging, asked the panelists what they
would advise people to do today. Dr. Albert gave what was perhaps the most practical response:
“I think it’s important to be mentally and physically active and socially engaged, and the
activity that I think best combines all of those is shopping” she said. “This was inspired by my
mother-in-law who is currently 97. She shops every day, she carries a heavy bag, she walks
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long distances, and she debates at great length, comparing and contrasting what she ought to
buy. And when she finally makes a purchase she feels very good about herself!”
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TABLE

• Cognitively stimulating activities – e.g. read, do crossword puzzles, play cards.
• Education – e.g. take a class or attend lectures and advise the next generation to stay in school.
• Exercise – e.g. an exercise program as brief as 30 minutes ~3 times per week may benefit.
• Head injury – e.g. avoid traumatic brain injury.
• Good nutrition – e.g. a heart healthy diet also may benefit brain health.
• Cholesterol and blood pressure – e.g. cholesterol levels and blood pressure within normal limits are associated with reduced risk

for AD.
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