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The Neuroprotective 
Role of Exercise
Jennifer Voorlas, MSG, CMC

Exercise and Dementia  |  by Steven C. Castle, MD

The White House Conference on Aging (WHCOA) not only addressed the 
importance of addressing Alzheimer’s and related dementias as a national pri-
ority, but also identified The National Institute of Health’s “stepped up effort” 
to find more effective ways to treat and prevent this devastating illness (1).  

Jennifer Voorlas has provided a very detailed survey on the neuropro-
tective role of exercise in brain health for older adults.  While there are many 
supplements being marketed to improve cognitive function as we age, and we 
hear advertisements for “brain exercises” regularly on the radio, there is more 
evidence to support that exercise has a much more important role in both 
the prevention and slowing progression of dementia, including Alzheimer’s 
Disease. 

In prevention of dementia, lack of physical activity is the most modifiable 
risk factor for Alzheimer’s Disease in the United States, in addition to benefi-
cial effects on midlife obesity.  Regular exercise has demonstrated improved 
cognition with normal aging outside of dementia.  This physiologic improve-
ment in cognition is hypothesized to be due to the beneficial adaptations in 
vascular physiology and improved neurovascular coupling. 

Introduction 
Does physical exercise provide 

an ameliorative effect on age-related 
neuronal loss?  This is a complex and 
controversial subject among research-
ers.  Significant brain cell loss is not 
usually considered an intrinsic part of 
normal age-related decline.  However, 
it is generally agreed that even healthy 
people experience some loss of brain 
cells as they age--particularly after 
the age of sixty (1).  But can exercise 
perhaps halt or slow down brain cell 
loss leading to more severe disor-
ders—such as Alzheimer’s Disease or 
other forms of dementia—at least in 
some individuals?   Can exercise have a 
rehabilitative impact?  These questions 
are particularly relevant when looking 
at the potential benefits to older adults 

for improved physical, mental, and 
cognitive health. 

 We do know that neuronal loss 
may occur and can be attributed 
to genetic predisposition towards 
Alzheimer’s Disease or dementia, but 
also due to multidimensional factors:  
including diet, a sedentary lifestyle, 
or menopause (low estrogen) (1). 
Increased prevalence of neurodegen-
erative illness in modern societies has 
been related to an increasingly aging 
population (2).  A sedentary lifestyle 
may be a risk factor for neurodegener-
ative disease, and is associated with a 
higher risk of cerebrovascular acci-
dents.  

Moreover, several studies indicate 
that exercise may be neuroprotec-
tive. In fact, physical activity has been 
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shown to increase cognitive ability in 
older adults, attenuate motor deficits, 
increase new neuron formation, ame-
liorate neurological impairments, and 
impede age-related neuronal loss (2). 

Cognitive assessments have 
revealed that regular, moderate-inten-
sity physical exercise enhances mental 
performance in both young and older 
adults. Lessons may also be learned in 
particular from studies of the rat brain, 
considered very similar biochemically 
to that of the human.  Active or exer-
cised rodents—in comparison to seden-
tary controls--demonstrate improved 
spatial learning, enhanced memory 
retention, reduced escape latency, 
and diminished age-related declines in 
spontaneous activity (3).

Increase Of Metabolic 
Capacity 

Studies have shown several 
structures in the brain that exhibit 
exercise-related plasticity and which 
are likely to be active during vigorous 
physical activity:  the hippocampus, 
motor cortex, and stratum (4).  In 
addition to transient fluctuations in 
metabolism, studies done on rats and 
on humans show exercise to cause 
neurochemical and structural plasticity 
(ability to respond to stress or demand) 
in the hippocampus and striatum, the 
areas of the brain involved in contex-
tual behavior and decision making (4).  
Again, drawing on rat models, specific 
metabolic and neural activity can be 
detected that shows, during exercise, 
metabolism increases in the hippocam-
pus, striatum, and the motor cortex (4). 
These studies lend credence to the ar-
gument that by stimulating these criti-
cal areas of the brain by exercise there 
are real potential benefits in slowing 
the progression of neurodegenerative 
changes in the brain by avoiding being 
sedentary.

Exercise as Neuroprotective
The effect of exercise on how 

insulin-like growth factor 1 (IGF-1) 
impacts brain cells also suggests 
another positive line of study. Because 
we customarily produce less IGF-1 
as we age, understanding how IGF-1 
plays a role in supporting the growth 
of cells/cellular structures in the adult 

brain may help in understanding how 
neurodegenerative diseases such as 
Alzheimer’s or stroke affect the brain.  
Research in the role played by circulat-
ing IGF-1 as a possible neuroprotectant 
in the brain could reveal that exercise is 
a buffer against more severe insults on 
the brain (5), so that that if you do pro-
duce more beta amyloid (the abnormal 
protein that is increased in deposits 
in people with Alzheimer’s), the brain 
is relatively protected by additional 
circulating IGF-1. 

Exercise is also found to stimulate 
the up-take of the neurotropic IGF-1 
from the bloodstream into such specif-
ic targeted areas as the hippocampus. 
By analyzing the specific role of circu-
lating IGF-1 on brain function under 
physiological conditions, researchers 
are trying to understand if physical ex-
ercise can result in an increased uptake 
of circulating IGF-1 by muscles and the 
brain. 

 It has also been shown that 
exercise will increase the number of 
new neurons in the adult hippocampus.  
Peripheral administration of IGF-1 re-
sults in increases in the number of new 
neurons in the hippocampal region of 
hypophysectomized rats (rats without 
the pituitary gland).

It is speculated that circulating 
IGF-1 might be facilitating the stimula-
tory effects of exercise on the num-
ber of new hippocampal neurons (in 
normal adult rats) (4, 5).  There is now 
a general consensus that these new 
neurons are, in fact, produced on an 
ongoing basis in the hippocampal den-
tate gyrus of adult mammals.  These 
new neurons arise from a local pop-
ulation of progenitor or stem cells in 
the sub granular zone, a specific layer 
in this section of the brain associated 
with dramatic cell loss in Parkinson’s 
and Alzheimer’s Disease. 

Exercise is considered “neuro-
protective” because of increased 
passage of circulating IGF-1 into the 
brain; when this passage is blocked, 
exercise is no longer neuroprotective. 
Additional evidence suggests that 
systematic administration of IGF-1 
to brain damaged sedentary mice or 
rats is sufficient to elicit functional 
recovery. Based on these findings, it 
is hypothesized that circulating IGF-1 
exerts a physiological protective effect (continued on page 20)

on the brain—one that is depressed in 
sedentary subjects. By extrapolating 
these results in rodents to humans, 
since studies show that exercise also 
stimulates the growth hormone-IGF-1 
axis in human beings, it is conceivable 
that a sedentary lifestyle contributes to 
the increasing prevalence of neurologi-
cal diseases (2).  

                    
Brain Cell Proliferation 

In order for exercise to be able 
to increase the number of new hippo-
campal neurons, circulating IGF-1 is a 
necessary factor.  Studies show tread-
mill running, significantly increases the 
number of replicating neuronal cells 
(that stain for bromodeoxyurdine in 
the nuclei) in the hippocampus of adult 
rats, which also replicates recent find-
ings in mice. Therefore, what is found 
via exercise, is that Circulating IGF-1 
increased the amount of neurons in the 
hippocampal region of the brain in the 
group that exercised vs. the group that 
did not. 

It can also be speculated that such 
factors as aging or stress (5) decrease 
the number of new neurons through 
up-regulation of endogenous (gener-
ated within the body) corticosteroids, 
and may eventually modulate availabil-
ity of endogenous neurotropic factors 
such as IGF-1.  When we look at this 
effect on the aging brain, the positive 
effect of exercise on the hippocampus 
(the center of learning and memory) 
can translate into increased reaction 
time, thinking, and memory skills. 

 Cognitive assessments 

have revealed that 

regular, moderate-

intensity physical 

exercise enhances mental 

performance in both 

young and older adults. 
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Brain Injury & Exercise
It has been found that the periph-

eral administration of IGF-1 has potent 
therapeutic effects in several models 
of brain damage; this supports the 
idea that exercise could indeed have 
ameliorative effects on more serious 
insults to the brain, and is supported by 
evidence that early exercise in concus-
sion or traumatic brain injury may be 
protective (Traumatic Brain Injury and 
Mitochondrial Dysfunction JB. Hie-
bert, Q Shen, AR. Thimmesch, and JD. 
Pierce, Am J Med Sci 2015;350(2):132–
138). 

Moreover, it can be extrapolated 
that IGF-1 could also prove of thera-
peutic value in hippocampal-related 
diseases—particularly those involving 
memory processes—and offers a prom-
ising venue for further research.  Fur-
ther support of the idea that exercise 
improves cognition is shown by the 
fact that IGF-1 ameliorates memory 
deficits in aging rats. This is a possible 
explanation for the beneficial effects 
of physical exercise on the response 
to neurodegeneration in diseases such 
as Alzheimer’s, where IGF-1 levels are 
significantly altered.  More research 
needs to be done in order to determine 
the potential of exercise to amelio-
rate brain injury after a stroke (TBI) as 
the research indicates that memory, 
thinking, and depression markedly 
improved among exercisers vs. non-ex-
ercisers (6). 

 
The Impact of Sedentarism 
on Brain Health 

Another perspective (7) discusses 
how circulating IGF-1 facilitates the 
protective effects of physical exer-
cise against brain insults of different 
etiology and anatomy. As stated, 
sedentarism increases the suscepti-
bility to neurodegenerative processes 
attributable to insufficient brain uptake 
of serum IGF-1. Several models were 
used of neurodegeneration affecting 
different brain areas, because exer-
cise-induced capture of serum IGF-1 is 
widespread. Since IGF-1 receptors are 
widely distributed in the brain, neuro-
protection by exercise-induced brain 
uptake of IGF-1 should be ample.  

Three models of experimental 

neurodegeneration affecting different 
brain areas were utilized to determine 
whether neuroprotection by exercise 
includes all types of neuronal popula-
tions—or is rather restricted to a few. 
To test this, three groups of rats were 
subjected to administration of excito-
toxics of various strengths to produce 
mild, moderate, and severe models of 
neurodegenerative damage. The pur-
pose was to test both prevention and 
amelioration of neurodegeneration by 
exercise.  

The results indicated that in all 
three groups, exercise ameliorated 
damage-incurred symptoms; many 
animals recovered substantial function 
after five weeks of vigorous exercise on 
the treadmill. When anti-IGF-1 anti-
body was injected before the exercise, 
the ameliorative and recovery effects 
were blocked. Animals receiving the 
anti-IGF-1 antibody suffered marked 
neuronal damage similar to that found 
in sedentary animals.  

Thus, exercise was found to not 
only attenuate the impact of brain 
insult, but also to impede the progres-
sion of ongoing neurodegeneration, as 
well as functional recovery from insults 
(7). Exercise reduces or eliminates neu-
ronal death and decreases or entirely 
blocks behavioral impairment after 
neurotoxic insult.  While knowledge 
of the mechanisms underlying IGF-1 
neuroprotection are scarce -- their 
possible relation to exercise-induced 
neuroprotection being unknown--it is 
speculated that glucose metabolism 
may be an important factor. Both 
IGF-1 and exercise may affect glucose 
metabolism, because energy demands 
are increased injured neurons. Both 
IGF-1 and exercise increase demand for 
available glucose to the brain.  In fact, 
hippocampal damage with domoic acid 
induces an increase in glucose uptake 
in the hippocampus (7).

Recent studies indicate that while 
regular physical activity may be a pro-
tective factor against cognitive decline 
during aging, inactivity, itself, may be a 
risk factor for dementia. Furthermore, 
regular physical activity is now recom-
mended as a therapeutic strategy to 
delay, prevent, or combat neurodegen-
erative disease (2). However, the mo-
lecular mechanisms underlying the ad-
vantageous effects of exercise remain 

unclarified. Specifically, it is somewhat 
nebulous whether the neurologically 
favorable sequelae of physical activity 
extend to neuroprotection. 

  
Oxidative Stress & 
Antioxidants 

Scientists have studied these three 
questions to understand how relevant 
oxidative stress and antioxidants are 
in acute or chronic exercise: 1. Does 
exercise cause oxidative stress in or-
gans? 2. Does chronic or acute exercise 
show different effects on oxidative 
stress in various organs? and 3. What is 
the relationship between exercise-in-
duced oxidative stress and endogenous 
antioxidants? The hypothesis is that 
chronic and acute exercise may have 
important effects on organs such as 
the brain, as well as on the muscles and 
heart and that endogenous antioxi-
dants may play an important role in 
the adaptation to exercise-induced 
oxidative stress (10).  

Extreme exercise is thought to 
increase oxidative stress (temporarily) 
and moderate exercise is thought to 
increase antioxidant levels. Therefore, 
depending on the type and duration, 
it is very well possible that someone’s 
“baseline” ability to fight free radical 
damage to the brain may be elevated. 
Considering the aging brain, as well 
as in the case of neurodegenerative 
diseases, there is a decline in the nor-
mal antioxidant defense mechanisms, 
which increases the vulnerability of 
the brain to the deleterious effects of 
oxidative damage (11). If exercise can 
“counteract” this effect, there may be 
important implications for older adults 
already genetically susceptible to Alz-
heimer’s and related dementias. 

Translating the Research  
What possible implications do 

these scientific studies show? What 
does the impact of exercise on the 
brain have on potential “at risk” indi-
viduals-- those presently suffering from 
Alzheimer’s disease or other types of 
dementia? Could exercise possibly pre-
vent--or slow down the progression of 
these conditions?   The studies present-
ed confirm that exercise had beneficial 
effects for those with risk factors for 
dementia and other types of brain 

(continued from page 19)
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injury, as the severity of those with the 
highest level of physical activity was 
reduced by 50%, along with a 60% de-
crease in the incidence of Alzheimer’s 
disease (12). 

While the studies do not take 
into account genetic predisposition of 
Alzheimer’s and how that may or may 
not skew the results, the underlying 
mechanisms confirm that exercise sus-
tains cerebral blood flow by decreasing 
blood pressure, lowering lipid levels, 
inhibiting platelet aggregability, and 
easing cerebral metabolic demands 
(12); which implicates that perhaps one 
genetically at risk may still reap the 
benefits if they exercise.  

 As of recently, the benefits 
of exercise as a preventative 
measure against more serious 
neurodegeneration has been studied 
as a means to prevent, slow down, and/
or ameliorate preexisting conditions 
for the elderly.  However, now the 
overall beneficial effects of exercise on 
AD (Alzheimer’s) has been shown to 
include lower body weight, improved 
diet (including increased consumption 
of antioxidants, and lower fat intake), 
mood, improved blood pressure and 
cardiovascular health, and decreased 
blood clotting (13). 

 
Conclusion 

While there is no question that 
exercise has an overall beneficial effect 
on the brain--as well as the other areas 
of one’s physiology--exactly how it 
does so remains a controversial issue.  
Further areas of research need to in-
clude whether or not exercise must be 
done over a lifetime (cumulative effect) 
to reap positive rewards, or if one can 
take up an exercise routine later in life 
and reap the same positive results. 
Moreover, the types of exercises health 
care professionals recommend to their 
patients need to be appropriate and 
carefully crafted for seniors with limit-
ed mobility and significant health and 
cognitive limitations.  

If Aging Life Care Managers™ and 
physicians can work together to come 
up with appropriate exercise plans 
tailored to the individual’s medical and 
cognitive ability, significant benefits 
may be realized.  Our challenge as care 
managers is to take into consideration 

the many different types of exercise, 
the appropriate duration, consistency, 
intensity of specific types of exercise 
appropriate to each individual’s current 
health condition. 

  While additional research is 
needed to understand the complexity 
and non-linearity of the exact mecha-
nisms by which exercise produces an 
ameliorative effect, it still appears clear 
that regular physical activity represents 
a critical and potent protective factor 
against cognitive decline and demen-
tia in the elderly, paving the way for 
further emphasis on prevention by in-
cluding exercise in each care manager’s 
care plan for each of our clients. 
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