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Learning Objectives

1.	 Define key terms associated with aging

2.	 Recall what studies on Masters’ athletes have taught us about primary and 
secondary aging

3.	 Describe the effects of age on performance in Masters’ athletes

4.	 List typical physiological changes that have been attributed to the aging 
process

5.	 Specifically describe changes in the neuromuscular, skeletal, cardiometabolic 
and cognitive systems with age

6.	 Identify the general effects of exercise on the aging neuromuscular, skeletal, 
cardiometabolic and cognitive systems.
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Introduction

Understanding the physiology of aging is an important aspect of being a success-

ful trainer of mature adults.  However, how much do you really need to know?  This is 

what we asked ourselves when putting together the information in this module.  You 

don’t need to be an expert in physiology and you don’t need to know all of the minute 

details about how aging affects the skin or hair or intestines and so forth.  Our goal is 

to teach you the aspects of aging physiology that are important and useful for practi-

cal application.  We also want to help build the case for the Functional Aging Training 

model that you will learn later on.  You should walk away from this chapter with a bet-

ter understanding of important changes that occur with aging AND with recognition 

that many of these changes can be minimized through regular exercise. 

Organismal senescence (aging) is a natural and inevitable part of the life cycle.  

All living beings experience a period of growth and maturation followed by a period 

of decline, which is often accompanied by disease, and which culminates eventually 

in death.  Although the aging process is hard-wired into our systems and cannot be 

stopped this doesn’t mean that we are completely at its mercy.  On the contrary, indi-

viduals are able to significantly, and sometimes dramatically, influence how quickly or 

how well they age.  The foods they eat, activities in which they choose to engage, en-

vironmental toxins to which they are exposed and numerous other factors have been 

shown to either “accelerate” or “slow” the aging process.  Yet no one has found a way to 

stop the aging process altogether.
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Master’s athletes are often considered to be as ideal a model for studying aging, 

and specifically quantifying primary aging, that we have available (Figure 3).  These 

athletes have often lived pristine lives – eating well, exercising regularly, avoiding ex-

posure to smoke and having access to quality medical care.  Yet despite doing almost 

everything right they still age.  This is evidenced by the fact that performance records 

decrease with advancing age in virtually all individual competitive sports – such as 

track and field, running, bicycling and swimming [3].  The rates of decline are unique 

to each activity but generally decrease after the age of 40 with an accelerated rate of 

decline after the age of 70.  The question is not IF they will age but HOW they will age.  

Master’s athletes tend to live longer, have fewer diseases, and possess higher levels of 

function than their less active peer counterparts demonstrating the power of lifestyle to 

minimize the effects of secondary aging.  

Figure 2: Aging Concepts

Primary Aging: The innate process of maturation and subsequent decline 
which occurs in the body’s cells and physiological systems throughout the life 
span that makes the organism more susceptible to disease, injury and death.  
These are considered to be “hard-wired” into our genetic code and cannot be 
altered.

Secondary Aging:  Age-related deteriorations that result from lifestyle behav-
iors (physical activity, nutrition, tobacco, alcohol), disease processes (diabe-
tes, cancer, cardiovascular disease), environment (exposure to toxins, air
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pollution, UV radiation), injury and illness.  These factors are highly variable 
and can be significantly controlled by the individual to delay some age-relat-
ed processes.

Chronological Aging:  The number of years a person has been alive, their 
chronological age, has long been used as a way to categorize, and sometimes 
discriminate against, an individual.  Chronological age, however, is a very 
crude and often inaccurate means of determining how “old” an individual is 
from the biological or physiological perspective.  The mature adult popula-
tion is very diverse and therefore an individual who is older chronologically 
may be healthier, fitter and more functional than their younger counterparts.

Usual Aging:  Describes how the majority of individuals in today’s society 
“usually” or “typically” age.  The typical older adult is able to function inde-
pendently but has an increased risk of disease or disability.  The disability risk 
is due, in large part, to the reduced functional reserve capacity of the individ-
ual and their downward aging trajectory.  That is, they have a reduced capaci-
ty for performing more intense activities

Successful Aging:  Based on the research by Rowe and Kahn [2] this is de-
fined by the ability to maintain a low risk of disease and disease-related dis-
ability; high mental and physical function; and active engagement with life.

Active Aging:  A concept advanced by the International Council on Active 
Aging and adopted by the World Health Organization that encourages indi-
viduals to be “engaged in life” as fully as possible despite health status, disease
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conditions or socioeconomic status.  It recognizes the importance of each of 
the seven dimensions of wellness – physical, intellectual, emotional, spiritu-
al, environmental, vocational, social – to the overall well-being of an aging 
individual.

Lessons from Master’s Athletes

Participation in competition by masters athletes has risen steadily over the past 

few decades.  In 1987 only 500 participants competed in the annual Huntsman World 

Senior Games which offers a variety of sports competitions such as basketball, biking, 

swimming, volleyball and tennis and is open to all athletes age 50 and older.  By con-

trast 9,000 masters athletes competed in the 2007 competition.  In 2005, 9,000 compet-

itors participated in events held across the U.S. as part of the National Senior Olympic 

Games competition hosted by the National Senior Games Association (NSGA).  In 

2007 the NSGA reached a milestone by hosting over 12,000 competitors and creating a 

new age division of 80+ for basketball.  The NSGA anticipates participation swelling to 

15,000 for the 2011 competition (www.nsga.com).  

These athletes represent a growing hodge-podge of individuals with varying 

abilities, interests and sporting experience that are part of the global aging boom.  The 

Administration on Aging estimates that in the U.S. alone almost 8,000 adults will turn 

60 every day (www.aoa.gov) and many other countries are experiencing similar senior 

explosions.  Some of these masters athletes are ex-competitive athletes still eager to stay 



Module 2 Applied Physiology of Aging6

at the top of their game but a growing number were never competitive in their young-

er years and have just “aged into it”.  There are a growing number of others who have 

picked up their sport late in life.  Athletes such as Helen Beauchamp who earned five 

gold medals and set one national record at the 2007 National Senior Games although 

she didn’t enter her first track and field event until the spry age of 64.  Although differ-

ent sports have their specific definitions of what constitutes a masters athlete I will be 

using it to mean athletes over the age of 50.

The growing interest by the baby boomers, who began turning 60 in 2006, in 

health, wellness and anti-aging along with a high amount of discretionary income 

certainly helps create an environment conducive producing large numbers of masters 

athletes.  The Senior Olympians are perhaps the models of successful aging as they ex-

hibit high levels of functional capabilities, less chronic disease conditions, a high qual-

ity of life and report higher levels of physical and mental health on subjective surveys 

(Wright and Perricelli 2008).  The most commonly reported conditions are low back 

pain (25.3%), hypertension (22.9%) and knee osteoarthritis (15.3%), all at lower prev-

alence rates than their peers in the general population (Wright and Perricelli 2008).  

This is consistent with a large volume of data showing that physically active adults at all 

ages are at lower risk of and have lower prevalence rates of many chronic diseases, such 

as cardiovascular disease, diabetes and some cancers (Tanaka and Seals 2003).  As the 

boomers continue to age and as numerous organizations continue to extol the benefits 

of regular exercise it is likely that the number of masters athletes will increase exponen-

tially over the next two decades representing an unprecedented opportunity for fitness 
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facilities and personal trainers.

Lessons on Health and Function from Master’s Athletes

Because of their exemplary physical and mental condition masters athletes rep-

resent a great model for the study of successful or optimal aging.  The changes observed 

with advancing age in this group are considered to be the results of primary (physio-

logical) aging rather than the effects of secondary (lifestyle) aging (Tanaka and Seals 

2003).  It has been well-established that negative lifestyle behaviors such as smoking, 

poor diet, weight gain and sedentary living contribute significantly to a loss of physical 

function by the age of 60-70.  Because of their avoidance of these negative behaviors 

along with the adoption of many positive behaviors physical performance capability is 

well maintained to the 7th decade of life suggesting that most adults should also be able 

to sustain their physiological reserves until then (Tanaka and Seals 2003).

The Effects of Aging On Sports Performance

In the most recent review of the literature regarding age-associated changes in 

endurance exercise performance Tanaka and Seals (2008) state that “Older athletes 

strive to maintain or even improve upon the performance they achieved at younger 

ages, but declines in athletic performance are inevitable with ageing.”  Both running 

and swimming performance appear to decline in a curvilinear fashion with advancing 

age although the patterns are not identical and gender is an important factor.  In gener-
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al swimming performance declines to a lesser degree and drops off later than running.  

Specifically, running performance is well maintained until around the age of 35 

with modest declines in performance until the age of 50-60 with a progressively steeper 

increase in running times thereafter (Tanaka and Seals 2003).  The rate of decline in 

endurance performance is faster in women especially after the age of 60 and has been 

shown to be up to threefold greater.  Swimming performance, by contrast, does not 

appear to reach an exponential rate of decline until around the age of 70, a full 10 years 

later than running performance.  In addition, the magnitude of decline is as much as 

30% smaller in swimming compared to running.  The increased magnitude of decline 

in running performance with age has been at least partially attributed to an increased 

incidence of orthopedic injuries compared to swimming which inhibits adequate train-

ing volume.  Distant-dependent sex differences are observed in swimming with shorter 

events showing the greatest disparity.  The differences declined with increasing distance 

and disappear altogether in the longest distance events (Tanaka and Seals 2003).

Strength and power performance are similarly affected.  The typical aging adult 

will lose around 30% of their muscle mass and maximal strength from the time they 

peak in their 30’s to the age of 70 where the decline appears to increase in an acceler-

ated fashion (Jones 2006).  Strength training athletes appear to exhibit similar rates of 

decline although they remain much stronger than their more sedentary peers because 

their baseline started out much higher.  Even in Olympic weightlifters maximal per-

formance levels decline rather linearly until around the age of 70 where the rates of 

decline accelerate significantly (Tanaka and Seals 2003).  However, even nonagenari-
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ans retain the capacity for increasing muscular size, strength and power with adequate 

resistance training.  Therefore, athletes that have not participated in a regular program 

of weight lifting should be highly encouraged to do so.

Physiological Mechanisms Explaining the Declines in Performance

There are three primary determinants of maximal aerobic capacity that have 

been identified as contributing to the age-related reductions in endurance perfor-

mance- VO2max, lactate threshold and exercise economy.  It has been well-established 

that VO2max is the primary determinant of endurance exercise performance in adults.  

An inverse relationship has been observed between VO2max and age in trained dis-

tance runners.  Lactate threshold, defined as “the exercise intensity at which blood 

lactate levels increase significantly above baseline” (Tanaka and Seals 2003), also con-

tributes to the age-related declines in endurance performance.  However the reduc-

tion in lactate threshold impacts endurance performance more in young adulthood 

to early middle-age while reductions in VO2max affects performance more beyond 

middle-age.  Although exercise economy, which is the oxygen cost to exercise at a given 

velocity, is an important determinant of endurance performance it does not appear to 

be altered with advancing age and thus contributes little to age-associated declines.

There are numerous physiological factors that contribute to the decline in VO-

2max with advancing age.  Oxygen consumption is determined by central and periph-

eral factors.  The Fick equation states that VO2max = maximal cardiac output (CO) x 

maximal arterio-venous O2 difference (a-v O2).  Maximal cardiac output is determined 
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by multiplying maximal heart rate (HRmax) by maximal stroke volume (SVmax).  

HRmax declines about 0.7 beats per year, SVmax declines by 10-20% and peripheral 

oxygen extraction declines by 5-10% thus reducing VO2max in older masters athletes 

compared to younger athletes.  

However, another important consideration is training stimulus.  While athletes 

may have great intentions of continuing their training routine it has been established 

that neither exercise training intensity nor volume can be maintained for long periods 

at older ages (Tanaka and Seals 2008).  According to Tanaka and Seals (2008), numer-

ous factors may be responsible.  First, an increase in family or job responsibilities may 

reduce both the time and energy available for intense training.  Second, there is an 

increased incidence of orthopedic injuries among masters athletes.  Third, biobehav-

ioral changes may be at work.  The motivation to train may be reduced as the athlete 

ages as well as the goals underlying the motivation may shift away from being focused 

on individual performance to health benefits.  Lastly, the ‘intrinsic drive’ to exercise 

may decline with aging as demonstrated in animal studies.  Regardless of the reasons or 

combination of factors an inability to maintain the training stimulus contributes to the 

rate of decline in VO2max and endurance exercise performance.
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Why Do We Age?

Many theories have been proposed to explain why or how we age from either a 

biological, physiological or sociological perspective.  Some have focused on primary 

aging which represents changes that occur with advancing age that are independent of 

environmental influences or disease processes [4].  Others attempt to explain factors 

associated with secondary aging which is the interaction of primary aging processes 

with disease and environmental influences [4].  Life Course Theory is one of the pre-

vailing perspectives of aging that recognizes the influence of past events on an older 

individual’s current state of health and function.  There is now a recognition that many 

factors that are out of the individual’s control can have an impact on their health, quali-

ty of life and longevity in later life, such as being born with a low birth weight; the birth 

mother smoking during pregnancy; being breast or bottle fed; not having access to 

quality health care services; poor nutrition; and injuries during childhood  [5, 6].  More 

recently the concept of active aging has been proposed as a way to promote the benefits 

of an active lifestyle for increasing longevity and quality of life.  Active aging recognizes 

the importance of active engagement in life in multiple dimensions of wellness such as 

physical, emotional, social, spiritual and mental.  It is important for fitness profession-

als that work with older adults to integrate these multiple dimensions of wellness into 

their programs.



Module 2 Applied Physiology of Aging12

Physiology of Aging

The typical physiological declines associated with aging have been well docu-

mented and yet difficulty separating primary and secondary aging processes remains.  

While literature often reports average declines in physiological systems there is a high 

degree of interindividual variability reported in the same literature.  This means that 

while studies may report that a particular component declines on average 30% between 

the ages of 50 and 80 the actual range of decline among individuals may be as large as 

10-60%.  Practically speaking, a 10% reduction in that particular component may have 

no significant effect on the individual while a 60% reduction may cause significant 

problems and even lead to an active pathology.  When considering these physiological 

declines it is important to recognize and appreciate the variability that exists among 

individuals.  Assuming that mature adults of similar age are also similar in regards to 

health status, disease processes or functional abilities fails to appreciate the diversity 

that exists within this population (Table 2).  
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Table 2: Summary of typical changes in physiological function and body composition 
with advancing age in healthy humans.  Adapted from ACSM Position Stand on Exercise 
and Physical Activity for Older Adults (2009)

Muscle 
Strength and 
Power

Isometric, concentric and eccentric strength de-
cline after age 40 and accelerates after age 65-70.  
Lower body strength declines faster than upper 
body strength.  Power declines faster than strength.

Muscle 
Endurance and 
Fatigability

Endurance declines.  The effects of age on mecha-
nisms of fatigue are unclear and task-dependent.

Motor 
Performance 
and Control

Reaction time increases. It takes longer to react. 
Speed of simple and repetitive movements slows.  
Complex tasks are affected more than simple tasks.

Flexibility and 
Joint ROM

Significant decreases in hip, spine and ankle flexion 
by age 70.  Muscle and tendon elasticity decreases.

Cardiac 
Function

Maximal heart rate, stroke volume and cardiac out-
put decline. 
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Vascular 
Function

Aorta and its major branches stiffen.

Blood Pressure BP at rest increases.  BP during submaximal and 
maximal exercise is higher in old vs young, espe-
cially in older women.

Ventilation Chest wall stiffens.  Expiratory muscle strength 
decreases.  Work of breathing increases.

Gas Exchange Reduced surface area for gas exchange in the lungs 
due to loss of alveoli.

Maximal O 
Uptake

Declines about 9% per decade in healthy sedentary 
adults.  Rate of decline accelerates with advancing 
age.

Ventilatory 
Threshold

Decreases with age as a percentage of VO2max.

Walking 
Kinematics

Preferred and maximal walking speeds are slower.  
Stride length is shorter; double-limb support dura-
tion is longer.
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Stair Climbing 
Ability

Maximal step height is reduced.

Height Declines approximately 1cm per decade during the 
40s and 50s, accelerates after age 60.

Weight Steadily increases during from 30-70 and then de-
clines after.

FFM (Fat Free 
Mass)

Declines 2-3% per decade from 30 to 70 years of 
age.

Regional 
adiposity

Body fat increases during 30s , 40s and 50s with 
significant accumulation in the visceral region, 
especially in men.

Bone Density BMD declines 0.5% per year after age 40.  Women 
lose 2-3% per year after menopause.

Metabolism Resting Metabolic Rate, muscle protein synthesis 
rates and fat oxidation all decline with advancing 
age.
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Neuromuscular

Muscular performance declines with advancing age in late life [3].  It is com-

monly reported that strength declines in sedentary older adults at a rate of about 1% 

per year beginning in their 50’s which accelerates to approximately 3% per year once 

they reach their 70’s [3, 7].  However there is a significant degree of variability that 

exists within the literature that is dependent on type of contraction employed, muscle 

groups tested, gender, disease processes and physical activity status, to name a few.  The 

declines in muscular performance have been primarily attributed to the loss of mus-

cle mass that is attributed to the aging process (called sarcopenia [8]) since strength is 

highly correlated to muscle cross-sectional area.  The average individual will lose ap-

proximately 40% of their muscle mass between the ages of 20 and 70 [9] with a slightly 

greater loss in the lower extremities compared to the upper extremities [7].  It is esti-

mated that anywhere from 22-53% of the older adult population will develop sarcope-

nia [10].  While the loss of muscle mass is an independent risk factor for the develop-

ment of disability it alone does not fully explain the decline in strength associated with 

aging [3, 10].

Aging is associated with a preferential decrease in the size of type II (fast-twitch) 

muscle fibers compared to type I (slow-twitch) fibers; an increase in connective tissue, 

altered muscle metabolism; and motor unit remodeling (approximate 1% decrease in 

number of motor units each year) [3, 11].  The loss of fast-twitch fibers has a major 

impact on the muscle’s ability to generate the necessary force required of specific tasks.  

These changes can have negative implications for the individual’s health and physical 
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functioning which can be at least partially reversed by exercise training.  Resistance 

exercise can increase muscle mass, strength, power, quality (muscular performance per 

unit muscle volume or mass) and improve muscle metabolism (e.g. glycemic control) 

even in the oldest-old  [7].  Aerobic exercise training can improve muscle metabolism 

but has no effect on muscle mass, strength, power or quality [7].

The ability to coordinate muscular activity into functional movements also 

declines in old age.  Significant declines in functional tasks such as putting on a shirt, 

managing large and small buttons, zipping a garment or cutting with a knife decline 

as does performance on tests of coordination such as finger grasping or interfinger 

manipulation [3].  Sensorimotor information (collected from the visual and somato-

sensory systems) is critical to performing both simple and complex movements such 

as putting on a pair of glasses, dialing a phone, slicing food or buttoning buttons.  The 

visual system contributes spatial information from the environment such as location, 

direction and speed of the individual [3].  Visual declines are common with aging and 

often include a reduced ability to detect contrasts; loss of depth perception; decreased 

illumination within the eye; increased sensitivity to glare (due to scattering of light 

within the eye); presbyopia (nearsightedness); and loss of peripheral vision.  

The somatosensory system uses information about body contact (touch, vibra-

tion) and position (limbs of the body, head, joint position) to help guide movements.  

Older individuals tend to have impaired distal lower-extremity proprioception, vibra-

tion and discriminative touch.  The ability to perceive motion of the joints appears to 

be impaired when movements are performed at slow speeds but not when faster speeds 
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are used [3].  These declines may contribute to poor balance and increased risk of fall-

ing but there contributions have not been fully investigated.

It is said that “you can’t teach an old dog new tricks” but research regarding mo-

tor learning with older adults shows that this is not true.  Older adults are able to im-

prove existing skill performance and learn new skills although they may learn them at a 

slower rate than younger adults and the manner in which they learn a new skill may be 

different.  In general, they tend to adopt different muscle activation patterns and move-

ment strategies in order to accomplish the new task as a way to compensate for physical 

losses [3].

The loss of skeletal muscle is accompanied by an increase in fat mass.  The data 

is not clear on how much fat is typically gained throughout middle adulthood but fat 

mass appears to stabilize in the 6th decade [3].  Changes in body fat distribution have 

been more clearly documented with older adults experiencing an increase in intra-ab-

dominal fat accompanied by a decrease in subcutaneous fat on the limbs [3].  Ab-

dominal obesity increases risk for cardiovascular disease and diabetes.  These changes 

are due to a combination of factors including genetics, physical activity levels, dietary 

habits and hormonal changes.  Both aerobic and resistance exercise training have been 

shown effective in reducing fat mass in older adults although more information is 

needed to determine an optimal exercise prescription [3, 7].  Conversely, weight loss 

in older adults is more closely related to negative consequences for health and physical 

function and should therefore be monitored with these clients.
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Skeletal System

Bone density declines at a rate of approximately 1% per year from age 40-50 for 

both men and women.  In women, bone loss increases to 2-3% per year during and 

5-10 years following menopause.  Women often lose up to 1/3 of their bone miner-

al density (BMD) during this time.  The rate of bone loss increases for both men and 

women in the 8th and 9th decades [3].  The result is a weaker bone structure that is 

more susceptible to fracture.  Physical activity levels are one of many factors that influ-

ence peak bone development and the age-related loss of bone mass.  Muscle strength 

is closely correlated with bone mass indicating that the mechanical stimulus of move-

ment is important in the development and maintenance of BMD.

Osteoporosis is a disease often associated with aging that is characterized by 

low bone mass and quality which increases bone fragility and the risk of fractures.  It 

is diagnosed through bone mineral density testing.  A BMD of 2.5 standard deviations 

below the mean for young women defines osteoporosis whereas a BMD of 1.0 to <2.5 

standard deviations below the mean for young women defines osteopenia [3].  Ap-

proximately half of all women and 12% of all men over the age of 50 will have an oste-

oporosis-related fracture [12].  The most common fracture sites are the spine, hips and 

wrists.  Weight-bearing cardiovascular exercise, such as jogging or jumping rope, and 

high-intensity resistance exercise have been shown to either halt the loss of or slightly 

improve BMD in older adults.  Individuals with osteoporosis should avoid excessive 

spinal flexion (especially when accompanied with rotation) and activities with a high 

risk of falling.
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Degenerative changes also occur in the joints with advancing age including loss 

of lubrication and articular cartilage damage.  Osteoarthritis (OA), or degenerative 

joint disease, is characterized by pain and stiffness in the joints and is the most com-

mon form of arthritis [12].  Approximately 50% of adults over the age of 65 and 85% 

of adults over the age of 75 have OA [3].  If most often develops in the hips, knees and 

back and is the leading cause of disability in the United States. 

The evidence shows that exercise training does not exacerbate pain or disease 

progression as once thought.  Rather, aerobic and resistance exercise training are effec-

tive at decreasing pain and improving function in individuals with OA [12] and should 

be included as essential components of a treatment plan for OA.  Recommendations 

for individuals with OA include avoiding high-impact activities that may irritate or 

further damage joints; muscle strengthening using lower resistance levels and high-

er repetitions around the affected joints; low-impact aerobic exercise (land-based or 

aquatic); avoiding activities on days when the joint is inflamed (red, swollen, painful); 

and stretching to improve pain-free joint range of motion.

If the condition progresses then a joint replacement may be warranted.  OA is 

the most common reason for joint replacement surgery among older adults.  Total knee 

and total hip replacement surgeries have a very high success rate for significantly re-

ducing pain and increasing function.  Advances in technology and surgical techniques 

are further increasing success rates and reducing recovery times.  Depending on the 

location and type of surgery individuals may have limitations in specific movements 

they are able to perform.
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Cardiometabolic

Maximal aerobic capacity, as measured by maximum oxygen consumption (VO-

2max), decreases with advancing age at a rate of about 30-40% per decade [13].  This 

decrease is due to several factors including reductions in cardiac output and arteriove-

nous oxygen difference.  The reduction in maximum cardiac output is due primarily to 

the reduction in maximum heart rate which decreases by about 1 pulse/min/year.  The 

ejection fraction of the left ventricle during exercise also decreases from 85% for some-

one in their thirties to about 70% for someone in their nineties [13].  Blood vessels 

tend to become thicker and stiffer (known as arteriosclerosis) which makes them less 

compliant to accepting blood.  Compliance of the common carotid artery decreases by 

as much as 50% from the age of 25 to the age of 75 [13].  The stiffness of these arteries 

increases risk of hypertension.

Aerobic exercise training of sufficient intensity (>60% VO2max), frequency and 

length (> 3 days per week for > 16 weeks) is able to significantly improve VO2max in 

older adults [7] by about 16% although the magnitude of improvement is generally less 

in those over 75 years of age.  Interval training programs that utilize alternating periods 

of higher and lower intensities may improve VO2max even more.  Other cardiovascu-

lar adaptations include a lower heart rate at rest and at any submaximal exercise work-

load; smaller rises in blood pressures during submaximal exercise; increased maximal 

exercise stroke volume; and reductions in large artery stiffness.
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Cardiovascular disease (CVD) is common among older adults with about 84% 

of deaths related to cardiovascular disease occurring in people 65 years or older.  Car-

diovascular disease can lead to a myocardial infarction, stroke (or transient ischemic 

attack or TIA) and death.  Age, however, is no longer considered to be an independent 

risk factor for CVD.  Active individuals of all ages have a lower prevalence of CVD than 

their inactive counterparts at any age.  Physical activity volume (including exercise) 

is inversely related to death from all causes in a dose-response manner, meaning that 

the higher the volume of physical activity the lower the risk of dying.  Moderate-inten-

sity activities for at least 30 min on most, preferably all, days of the week is sufficient 

to reduce risk of premature death.  This is a goal that is very attainable for many older 

adults.

Hypertension is a risk factor for CVD and is a prevalent concern in the older 

population.  Exercise training is recommended for the prevention and management of 

hypertension.  Chronic aerobic exercise can decrease both systolic and diastolic pres-

sure by approximately 5-7mm Hg[14].  Individuals with controlled hypertension can 

safely exercise if some basic guidelines are followed.  They include:

•	 Individuals with severe or uncontrolled hypertension should be evaluated by a 

physician prior to initiating an exercise program

•	 Exercise should be avoided if resting blood pressure is >200/110

•	 Perform an extended warm-up and cool-down and monitor for post-exercise 

hypotension
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•	 Monitor blood pressure during exercise and discontinue if blood pressure ex-

ceeds 220/105

•	 Avoid performing a valsalva maneuver during resistance training (A valsalva 

maneuver is forced expiration against a closed epiglottis. This means a person is 

holding their breath while they are straining). 

•	 Avoid high-intensity resistance exercise with high weights and low repetitions

Common complications and co-morbidities for individuals with CVD include 

diabetes, obesity, hypertension, dysrhythmias, angina, shortness of breath, reduced 

exercise capacity and intermittent claudication (associated with peripheral arterial 

disease) among others.  While it is outside the scope of the fitness professional to pre-

scribe exercise for the management of these conditions it is prudent to be able to iden-

tify signs and symptoms associated with them and to be able to act quickly when they 

occur.  In addition, individuals with CVD should obtain appropriate medical clearance 

before beginning an exercise program.

Type 2, non-insulin-dependent, diabetes mellitus rates has increased consid-

erably in the older adult population over the past decade [12].  Diabetes is an inde-

pendent and strong risk factor for developing cardiovascular disease and is the lead-

ing cause of adult-onset blindness, non-traumatic lower limb amputations and renal 

(kidney) failure.  Diabetic older adults should engage in regular exercise and follow a 

heart-healthy diet in order to lose body fat, improve glycemic control and reduce their 

need for medications [3, 12]  Aerobic exercise training is the most effective method for 
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improving insulin sensitivity and glycemic control but resistance exercise training is 

also beneficial.  Diabetic individuals should adhere to the following guidelines when 

starting and maintaining an exercise program:

•	 Monitor blood glucose before, during and after exercise.  Exercise should be 

avoided if pre-exercise blood glucose is less than 100 or greater than 300 mg/dl

•	 Exercising at the same time of day will allow easier tracking of the exercise ef-

fects on blood sugar control

•	 Keep a quick-acting sugary snack on hand at all times, such as raisins or juice, in 

case of a hypoglycemic (low blood sugar) episode

•	 Check feet regularly for cuts and/or ulcers that are not healing properly

•	 Avoid exercising late at night

•	 Adopt a low to moderate intensity program and avoid high-intensity exercise if 

relatively new to exercise

Several age-related changes occur in the respiratory system including changes 

in the structure of the lungs and airways, changes in lung volumes, impaired efficiency 

of gas exchange and alterations in the ventilator pump [3].  Although total lung capac-

ity remains constant throughout life, residual volume and functional residual capacity 

increase about 25% while vital capacity decreases by about 25%.  Despite these changes 

it does not appear that the respiratory system limits exercise training.



Module 2 Applied Physiology of Aging 25

Cognition and Psychological Well-Being

While it is commonly believed that senility and dementia are normal aspects of 

aging research indicates that age-related cognitive decline is attributable more to the 

secondary effects of lifestyle, specifically health and fitness levels, rather than the pri-

mary effects of the aging process [3].  There are numerous aspects to cognition such as 

processing speed, visuospatial processing, controlled processing and executive control 

and each may be more or less affected by the aging process, health status and physical 

activity participation.  Evidence indicates that diseases such as diabetes, cardiovascular 

disease and cerebrovascular disease impair neuropsychological function.  Hyperten-

sion has been linked very strongly to cognition with evidence that it can slow senso-

ry-motor speed and perceptual processing speed [3].  

Habitual physical activity is associated with a reduced risk of dementia and 

cognitive decline in older adults [7] and conversely decreases in physical mobility are 

linked to cognitive decline.  Even a single bout of aerobic exercise can improve mem-

ory, attention and reaction time for a short period of time.  Long-term participation 

in both aerobic and resistance training programs lead to improvements in cognitive 

function especially when combined.  Programs that utilize cognitive challenges in 

combination with aerobic exercise typically lead to larger improvements [7].  The pos-

itive effects of regular exercise appear to be largest for tasks that are more complex and 

which require executive control.  Exercise of low to moderate intensity conducted over 

a longer period of time appears to be more effective than short-term higher intensity 

programs.


